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Picture-Perfect
Ultrasound AFE

50% Smaller, 40% Less Noise, 20% Less Power

www.ti.com/ultrasound 1.800.477.8924 ext. 14443 
Get Samples and Evaluation Modules 
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Competition

TI’s new AFE5805 Analog Front End provides low power consumption (122mW/ch) and low noise 
(0.85nV/  Hz at 2 MHz, 20dB) in an ultra-small (15x9mm) BGA package. It is the fi rst device in TI’s new 
AFE58xx family that integrates multiple high-performance analog components providing superior image 
quality for a wide range of ultrasound equipment. That’s High-Performance Analog>>Your Way™.
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Enter the New World of Bourns
Th e world of Bourns has grown. An expanding world focused 
on exceeding our customers’ needs. New innovative products 
and technologies. Expanded application solutions. Plus a 
worldwide team of technical experts to facilitate the design 
process and solve tough application problems. All provided to 

help customers shorten design cycles 
and achieve faster time-to-market. 

At Bourns, we have grown to serve 
you better. Step in – explore the 
new world of possibilities from 
Bourns today:

www.bourns.com/newworld

Bourns - the company you have relied on for more than 60 years.

Built on Trust. . . Based on Innovation

Automotive Sensors

Circuit Protection Solutions

Magnetic Products

Microelectronic Modules

Panel Controls & Encoders

Precision Potentiometers

Resistive Products
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At TI, we’ve been helping our customers design high-performance power conversion products that meet strict 
effi ciency regulations for over 20 years. TI can help you get to market fast with a winning, energy-saving design. 
That’s High-Performance Analog >>Your Way. 

www.ti.com/greenpower  1.800.477.8924 ext. 1422
Get Samples, Evaluation Modules and the  

Power Management Selection Guide

Energy-Effi cient Power 
Solutions

High-Performance Analog >>Your Way™

UCC28600 Green Mode PWM Controller Enables off-line power supplies to meet light-load effi ciency standards
TPS40140 Stackable Multiphase Controller Improves point-of-load effi ciency in power-hungry data centers 

and telecom equipment
TPS2410 ORing FET Power Rail Controller Replaces low-effi ciency diodes with high-effi ciency, high-reliability

control and protection solutions
UCC28060 Industry’s First Single-Chip  Dual phase for high-effi ciency, high-power density and easy phase

Interleaved PFC Controller management for light-load effi ciency
UCD9112 Digital Controller w/Confi gurable GUI Easy-to-use, fl exible point-of-load solution for multi-rail power topologies
PTH08T250W 50-A Non-Isolated Power Module 96%-effi cient, stackable, and easy-to-use point-of-load module

w/TurboTransTM Technology for servers, wireless infrastructure, datacom and telecom equipment
TMS320F28335 Digital Signal Controller Highly integrated digital controller improves effi ciency of renewable energy

systems

TurboTrans, High-Performance Analog >>Your Way and the red banner are trademarks of Texas Instruments. 1997A0 © 2008 TI
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PowerWise® Equalizer Family Features
Industry’s First Quad 10 Gbps Equalizer

Applications
Copper Cable Extension, Active Cable Assemblies, FR4 Backplane Extension, HDMI, DVI, Data Center (XAUI, Infi niband, 802.3ap), 
Storage Area Networks (Fiber Channel, SATA, SAS), and PCI Express

 © National Semiconductor Corporation, 2008. National Semiconductor, LLP, PowerWise, and      are registered trademarks of National Semiconductor Corporation. All rights reserved.

Equalizer Family Delivers Lowest Jitter at Lowest Power

ASIC/FPGA ASIC/FPGADS64EV400

national.com/lvds

  For samples, datasheets, and more information about PowerWise products, visit:
national.com/lvds

Or call: 1-800-272-9959

10m 24 AWG Twin-Ax

Product ID Description Supply Voltage Channels Package

DS32EV400 Quad 1-5 Gbps general purpose CML equalizer 2.5-3.3 4 LLP-48

DS64EV400 Quad 5-10 Gbps general purpose CML equalizer 2.5-3.3 4 LLP-48

DS32EV100 Single Channel 1-5 Gbps general purpose CML equalizer 2.5-3.3 1 LLP-14

DS64EV100 Single Channel 5-10 Gbps general purpose CML equalizer 2.5-3.3 1 LLP-14

DS50EV401 Quad 2.5-8 Gbps PCI Express equalizer 2.5-3.3 4 LLP-48

DS16EV5110 HDMI/DVI equalizer supporting 2.25Gbps data rates 3.3 3 + CLK LLP-48

DS25BR110 DC to 3.125 Gbps LVDS equalizer 3.3 1 LLP-8

DS38EP100 1-5 Gbps 7 dB boost, bi-directional Power-saver equalizer NA 1 LLP-6

DS80EP100 5-12 Gbps 7 dB boost, bi-directional Power-saver equalizer NA 1 LLP-6

NEW

NEW

NEW

NEW

NEW
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65  Chop the noise gain to measure an op amp’s real-time offset voltage

66  Simple analog circuit provides voltage clipping and dc shifting for flash ADC

68  Compact laser-diode driver provides protection for precision-instrument use

70 Current source makes novel Class A buffer

�

�

LTC6240HV

R1
10k

C1
0.01 �F

VOUT=�10�VIN+11 OFFSETS.

SIGNAL GAIN IS �10.
NOISE GAIN IS 11.

INPUT OFFSET VOLTAGE: 50 �V TYPICAL, 125 �V MAXIMUM
ACTUAL VALUE VARIES WITH TEMPERATURE (dV/dT=2.5
�V/�C MAXIMUM) AND NOISE 1/f=50 nV/�Hz AT 1 Hz

D E S I G N I D E A S

Boost efficiency
for low-cost flyback
converters

47Many devices employ
flyback converters
because of their sim-

plicity and low cost—not their
stellar efficiency. But don’t too
quickly eliminate flybacks from
your list of options. With a few
little-known tricks, you can
improve power loss by nearly
10%. by John Betten and

Brian King, Texas InstrumentsLaying seamless WiMax fabric

40Chip sets are emerging that add WiMax capability to mobile
PC and cell-phone applications, while lab and production-
test equipment evolves to keep pace.

by Rick Nelson, Editor-in-Chief, and Ron Wilson, Executive Editor

Critical clock-domain-
crossing bugs

55Awareness of CDC
issues, along with the
use of good design

practices and proven EDA tools
for CDC verification, can avoid
costly silicon re-spins and signifi-
cantly improve time to market.

by Shaker Sarwary and
Saurabh Verma, Atrenta Inc

4.3.08
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Heads and tails
design RF amplifiers
for linearity and
efficiency

31Base stations and
handsets need RF
amplifiers with high

linearity and efficiency. With some
clever techniques, designers can
align these mutually exclusive
goals.

by Paul Rako, Technical Editor
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Delta-Sigma ADCs
High Performance, Broad Portfolio—Enable Your Design

High-Performance Analog >>Your Way and the platform bar are trademarks of Texas Instruments. 2115A0 © 2008 TI

Low noise. Wide bandwidth. High speed. When your design needs best-in-class delta-sigma ADC performance, 
look to TI for high-performance devices to meet your design challenges.

www.ti.com/deltasigma 1.800.477.8924 ext. 1434
Get Datasheets, Samples and Evaluation Modules

High-Performance Analog>>Your Way™

Device Description

ADS1110 Tiny, low power, 16-bit  ADC with onboard reference and PGA (G=1, 2, 4, 8) in SOT: 2.048V ±0.05% accuracy, 5ppm/ºC drift

ADS1226 Low-cost, easy-to-use 24-bit  ADC: dedicated START pin, 100SPS data rate, 4μVRMS low noise

ADS1232 Ideal for weigh scales: 24-bit  ADC, up to 23.5 effective bits, onboard PGA (G = 1, 2, 64, 128), 10SPS or 80SPS data rates

ADS1256 Best-in-class 23-bit, noise-free  ADC: 8 channels, 30kSPS and programmable digital filter (averaging)

ADS1258 Fastest channel cycling, 24-bit, 125kSPS ADC: Measure all 16 channels in <675μs

ADS1278 Widest bandwidth, simultaneous sampling: 24-bit, 8-channel  ADC, 128kSPS, 106dB SNR, ±0.0003% INL

ADS1281 Ultra-low distortion 24-bit  ADC: 130dB SNR and –122dB THD while consuming only 12mW of power, ±0.00006% INL

ADS1610 Fastest 16-bit ADC: 10MSPS, 86dB SNR, 5MHz wide and flat bandwidth

DDC232 Highly integrated, current-input 20-bit ADC for measuring photodiodes, X-ray security and CT scanners: 32 channels
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17  Intel launches 45-nm quad- and dual-core

processors for embedded-system applications

17  Analog-output module extends embedded I/O

18  Mixed-signal chip combines audio, power

18 LCD controller tackles harsh environments

20  Processor combines Coretex-A8 core with graphics

and digital-signal processing

20  MOSFETs get their 15 minutes of fame at APEC

22  1-�Hz to 240-MHz generator produces precision

pulses, 14-bit arbitrary waveforms, and more

 22  Fast Spice simulator targets digital, mixed-signal,

and analog designs
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chip-interconnect issues

10 EDN.comment: Hello, EDN readers

26 Signal Integrity: Designing a split termination

28 Analog Domain: Honest energy

74 Supply Chain: Apple sneezes, flash industry
gets sick; Sunnier prospects for polysilicon; EPA
releases Energy Star guidelines for servers

80 Tales from the Cube: Contamination: not your
usual suspects

D E PA R T M E N T S
&  C O L U M N S

P R O D U C T
R O U N D U P

contents

76 Discrete Semiconductors: MOSFET/Schottky-
barrier-diode devices, insulated-gate-bipolar transis-
tors, power MOSFETs, and more

77 Integrated Circuits: High-definition-digital-TV
platforms, video decoders, triple-core processors,
audio-DSP kits, QVGA modules, and more

EDN® (ISSN#0012-7515), (GST#123397457) is published biweekly, 26 times per year, by Reed Business Information, 8878 Barrons Blvd, Highlands Ranch, CO 80129-2345. Reed Business Information, a division of Reed
Elsevier Inc, is located at 360 Park Avenue South, New York, NY 10010. Tad Smith, Chief Executive Officer; Mark Finkelstein, President, Boston Division. Periodicals postage paid at Littleton, CO 80126 and additional mailing offices.
Circulation records are maintained at Reed Business Information, 8878 S Barrons Blvd, Highlands Ranch, CO 80129-2345. Telephone (303) 470-4445. POSTMASTER: Send address changes to EDN®, PO Box 7500, Highlands
Ranch, CO 80163-7500. EDN® copyright 2008 by Reed Elsevier Inc. Rates for nonqualified subscriptions, including all issues: US, $165 one year; Canada, $226 one year, (includes 7% GST, GST#123397457); Mexico, $215
one year; air expedited, $398 one year. Except for special issues where price changes are indicated, single copies are available for $10 US and $15 foreign. Publications Agreement No. 40685520. Return undeliverable Canadian
addresses to: RCS International, Box 697 STN A, Windsor Ontario N9A 6N4. E-mail: Subsmail@ReedBusiness.com. Please address all subscription mail to EDN®, 8878 S Barrons Blvd, Highlands Ranch, CO 80129-2345. EDN® is
a registered trademark of Reed Elsevier Properties Inc, used under license. A Reed Business Information Publication/Volume 53, Number 7 (Printed in USA).

Dilbert 18pulse

8017

4.3.08

76

edn080401toc_id  7edn080401toc_id  7 3/20/2008  1:09:06 PM3/20/2008  1:09:06 PM



EDN080401_Ads.indd   8EDN080401_Ads.indd   8 3/18/2008   10:48:28 AM3/18/2008   10:48:28 AM



APRIL 3, 2008  | EDN  9

Genetic algorithm solves thermistor-
network-component values
An algorithm employing survival-of-the-
fittest principles finds the optimal resistor
and NTC thermistor values for applying
temperature compensation to an active
device.
➔www.edn.com/article/CA6542381

Customizable CPU platform combines
DSP, FPGA
➔www.edn.com/article/CA6538964

Intel fleshes out next-gen multicore
processors
➔www.edn.com/article/CA6541269

IBM develops tiny nanophotonic switch
for optical routing between cores
➔www.edn.com/article/CA6541216

IMEC launches methodology to analyze
process variability
➔www.edn.com/article/CA6540826

O N L I N E  O N LY R E A D E R S ’ C H O I C E AWA R D  W I N N E R
A selection of recent articles receiving
high traffic on www.edn.com.

Check out these Web-exclusive articles:

online contents
www.edn.com

HOME NEWS CENTER DESIGN CENTERS BUSINESS CENTERS PART SEARCH MORE...

Congratulations to Senior Technical
Editor Brian Dipert, winner of a 54th Annual
Jesse H Neal National Business Journalism
Award for his blog, Brian’s Brain. The Neal
Awards are among the most prestigious and
sought-after editorial honors. The awards
committee described Brian’s Brain as “a rare
combination of authoritative tech argument
and a clear connection to the business com-
munity.” Check it out for yourself.
➔www.edn.com/briansbrain

FROM EDN’S BLOGS
Laptop catches fire, but don’t blame
the battery just yet
From PowerSource,
by Margery Conner
Before fingering the lithium-ion chem-
istry as being faulty, consider that the
laptop apparently was sitting on a blan-
ket on an upholstered loveseat, making
it likely that the air vents were blocked.
Especially for battery-powered designs,
this is a good reminder that available
ambient air can vary greatly.
➔www.edn.com/080403toc4

Consumer ICs: designing for reliability
Consumers want the latest electronics but
only if they’ll last longer than the time it
takes to take them out of their packages.
IC vendors must tackle reliability issues
so that their devices will find use in reliable,
long-lasting products.
➔www.edn.com/article/CA6535342

LED lighting: Yet more green BS
➔www.edn.com/080403toc1

Audio equalizer features trans-
impedance Q-enhancement topology
➔www.edn.com/article/CA6535344

Not so easy to run an LED “bulb” off
of a dimmer switch—but here’s how
➔www.edn.com/080403toc2

Delta-sigma ADCs in a nutshell, part 3:
the digital/decimator filter
➔www.edn.com/article/CA6531581
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Anablog, it’s clear that EDN’s editors
are committed to delivering the most
compelling, useful, and unique con-
tent for design engineers. I love that
about EDN.

In the future, you can expect to
continue to get all the things that
you love from ED N—and more. In
my new role, I’ll be working with the
editorial team to develop innovative
content that you won’t be able to find
anywhere else. Currently, we’re ex-
ploring different ways to create and
present content that’s highly relevant
and useful to design engineers, includ-
ing video, flash animation, photo gal-
leries, and searchable databases. We’re
also committed to in-depth coverage
of the topics that you tell us are of
highest interest and importance, such
as development kits and tools.

In a recent survey of EDN readers,
95% of the respondents reported that
they bought at least one development
kit in the past year. Most bought more
than one, with some 10% reporting
that they’d purchased five or more
kits last year. Development-kit sales
in general are up, with some vendors
noting increases of 50 to 100% over
the past three years. You may wonder
why a flurry of interest in development

kits has suddenly occurred. With nev-
er-ending pressure to quickly get their
designs out the door—and you know
this better than I—design engineers
increasingly use development kits and
boards to prove a concept, learn about
software tools, quickly build a proto-
type, avoid building a PCB (printed-
circuit board), and test and evaluate
their designs.

In turn, manufacturers and third-
party makers have increased their kit
offerings, focusing on ease of use, bet-
ter documentation, and greater per-
formance. And it’s no wonder that
they’re taking these steps: The stakes
are huge. They know that there’s a
high probability that, when engineers
have a good experience with a devel-
opment kit, they’ll spec the compo-
nent into the final design.

The same survey revealed that you
not only use a lot of these kits, but al-
so want more information on them,
including reviews of kits by engineers
who have used them, and an easi-
er way to find information on them.
So, I’m pleased to announce that,
in response to your wish list, EDN
has created the Devmonkey Web site
(www.developmentmonkey.com). We
launched it on Feb 1, 2008, and it is

the first Web site to focus exclusive-
ly on the latest news and information
on development tools for design engi-
neers. Here, you will find the most up-
to-date articles on new kits and tools,
as well as hands-on reviews of some
of the latest kits from our Senior Re-
views Editor Jon Titus. A former edi-
tor at EDN, he’s been reviewing kits
for years and has unique access to the
companies and application engineers
who develop them. He also writes the
Devmonkey blog for the Web site, in
which he previews new goodies com-
ing down the pipeline and tips and
tricks based on his own experiences
with development kits and tools.

A new form of content on the site
is our two-minute demo videos, in
which Titus reviews kits and describes
their key features and capabilities. He
also talks about what he’s done with a
kit that goes beyond the basic docu-
mentation. This year, we’ll add even
more content to the site, including
kit reviews from readers and gadgets
our readers have designed using a kit.
If you have a moment, please check
out the Devmonkey site. I’d love to get
your feedback on the site and on the
sorts of features you find most valu-
able. Please drop me a line at kfield@
reedbusiness.com. You can also sign up
for the EDN e-newsletter on develop-
ment tools, which brings you the lat-
est Devmonkey content each month.
To subscribe, go to www.edn.com and
click on the “Free e-mail newsletters”
button in the upper right corner.

And stay tuned. We have a slew of
new ideas in the pipeline that we ex-
pect to introduce in the coming year
that we hope you’re going to like a
lot.EDN

Contact me at kfield@reedbusiness.com.

BY KAREN FIELD, EDITORIAL DIRECTOR

Hello, EDN readers!

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

 A
s a former design engineer at Texas Instruments and, as a
reader of this magazine, I can’t tell you how excited and
proud I am to join the team here at EDN as the new edi-
torial director. From the enduringly popular Design Ideas
and deep technical articles to new online offerings such
as Video Design Ideas and blogs including Senior Techni-

cal Editor Brian Dipert’s Brian’s Brain and Technical Editor Paul Rako’s

MORE  AT EDN.COM

Go to www.edn.com/080403ed
and click on Feedback Loop to post
a comment on this column.

+
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Save more power.
Expend less energy.

www.fairchildsemi.com

Energy conservation is a global concern, and power engineers face 
increasingly difficult design challenges. That’s why Fairchild—The Power
Franchise®—is committed to providing the industry’s most 
comprehensive portfolio of power components and support services. 

From power analog, power discrete, integrated power modules and 
optoelectronic products to online tools, FAEs and regional centers staffed by
experienced power engineers, we have everything you need to minimize
energy consumption in power-sensitive applications. Now both your design
and your time are energy-efficient.

For more information about Fairchild’s energy-efficient solutions, please visit
www.fairchildsemi.com/power.

Your engineering resource for energy-efficient solutions.

Power Factor Correction
PFC Controllers  •  PFC/PWM Combo Controllers

Low-Side Gate Drivers   •  MOSFET/IGBT Switches

Isolated DC-DC
PWM Controllers  •  MOSFETs

Integrated Power Switches (FPS™)  •  HVICs
Low-Side/Sync Rectifier Gate Drivers

Optically Isolated Error Amplifiers
Integrated Power Modules (SPM™)

Non-Isolated DC-DC
Multi-Phase PWM Controllers  •  MOSFETs

Integrated Switching Regulators  •  DrMOS

Saving our world, 1mW at a time™
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SPACE SAVING TECHNOLOGY

Transformers & Inductors from .19" ht.

Over 5000 Standard Surface Mount and

Thru-Hole Models

Audio Transformers

Impedance Levels 10 ohms to 250k ohms,

Power Levels to 3 Watts, Frequency

Response ±3db 20Hz to 250Hz. All units

manufactured and tested to MIL-PRF-27.

QPL Units available.

Power & EMI Inductors

Ideal for noise, spike and Power Filtering

Applications in Power Supplies, DC-DC

Converters and Switching Regulators

Multiplex Data Bus

Pulse Transformers

Plug-In units meet the requirements

of QPL-MIL-PRF 21038/27

Surface units are electrical equivilents

of QPL-MIL-PRF 21038/27.

Pulse Transformers

10 Nanoseconds to 100 Microseconds. ET

Rating to 150 Volt Microsecond, Manufactured

and tested to MIL-PRF-21038.

DC-DC Converter

Transformers

Input voltages of 5V, 12V, 24V And 48V.

Standard Output Voltages to 300V (Special

voltages can be supplied). Can be used as self

saturating or linear switching applications. All

units manufactured and tested to MIL-PRF-27.

400Hz/800Hz

Power Transformers

0.4 Watts to 150 Watts. Secondary Voltages 5V

to 300V. Units manufactured to MIL-PRF-27

Grade 5, Class S (Class V, 1550C available).

143 Sparks Ave. Pelham, NY 10803 • Call Toll Free 800-431-1064 • Fax: 914-738-8225

See PICO’s full Catalog Immediately on the internet

www.picoelectronics.com
E-mail: info@picoelectronics.com 

Send for free 180 pg PICO Catalog

Electronics,
Inc.
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 Application Note AN-1803

 ANALOG  edgeSM

Design Considerations for a Transimpedance Amplifi er 

Maithil Pachchigar, Applications Engineer

It’s challenging to design a good current-to-voltage 
(transimpedance) converter using a Voltage-Feedback 
Amplifi er (VFA). By defi nition, a photodiode produces 
either a current or voltage output from exposure to 
light. Th e Transimpedance Amplifi er (TIA) is utilized 
to convert this low-level current to a usable voltage 
signal and the TIA often needs to be compensated for 
proper operation. Th is article explores a simple TIA 
design using a 345 MHz rail-to-rail output VFA, such as 
National’s LMH6611. Th e main goal of this article is to 
off er necessary information for TIA design, discuss TIA 
compensation and performance results and analyze the 
noise at the output of the TIA. 

A voltage feedback amplifi er modeled as a TIA with 
photodiode and the internal op amp capacitances is 
illustrated in Figure 1. 

Figure 1. Photodiode Modeled with Capacitive Elements 

Th e LMH6611 allows circuit operation of a low light 
intensity due to its low-input bias current by using larger 
values of gain (RF). Th e total capacitance (CT) on the 
inverting terminal of the op amp includes the photodiode 
capacitance (CPD) and the input capacitance (CIN). Th e 
CT plays an important role in the stability of the circuit. 
Th e Noise Gain (NG) of this circuit determines the 
stability, and is defi ned by:

Where

Figure 2 shows the bode plot of the noise gain intersecting 
the op amp open-loop gain (AOL). With larger values of 
gain (RF), CT and RF create a zero in the transfer function. 
At higher frequencies, transimpedance amplifi ers could 
become inherently unstable as there will be excess phase 
shift around the loop. 

Figure 2. Bode Plot of Noise Gain Intersecting with 

Op Amp Open-Loop Gain

In order to maintain the stability, a feedback capacitor 
(CF) across RF is placed to create a pole at fP in the noise 
gain function. Th e noise gain slope will be fl attened by 
choosing an appropriate value of CF for the optimum 
performance, such that noise gain is equal to the open 
loop gain of the op amp at fP. Th is “fl attening” of the 
noise gain slope beyond the point of intercept of AOL 
and noise gain will result in a Phase Margin (PM) of 45°. 
Because at the point of intercept, the noise gain pole at fP 
will have a 45° phase lead contribution that gives PM of 
45° (assuming fP and fZ are at least a decade apart). 

-

+
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Equations 3 and 4 theoretically calculate 
the optimum value of CF and the expected 
-3 dB bandwidth: 

Equation 4 indicates that the -3 dB band-
width of the TIA is inversely proportional 
to the feedback resistor. Th erefore, if the 
bandwidth is important, then the best 
approach would be to have a moderate 
transimpedance gain stage followed by a 
broadband voltage gain stage.

Table 1 shows the measurement results of 
the LMH6611 with diff erent photodiodes 
having various capacitances (CPD) at a 
transimpedance gain (RF) of 1 kΩ. Th e CF 
and f-3dB values are calculated from the 
Equations 3 and 4 respectively. 

Table 1. TIA (Figure 1) Compensation and 
Performance Results

Note:  
Vs= +/-2.5V
GBW = 130 MHz
CT = CPD + CIN 
CIN = 2 pf

Figure 3 shows the frequency response for 
the various photodiodes used in Table 1. 
Th e signal-to-noise ratio is improved when 
all the required gain is placed in the TIA 
stage, because the noise spectral density pro-
duced by RF increases with the square-root 
of RF and the signal increases linearly.

Figure 3. Frequency Response of the LMH6611 for 
the Various Photodiodes

It is essential to take into account various 
noise sources. Op amp noise voltage, feed-
back resistor thermal noise, input noise 
current, and photodiode noise current do 
not all operate over the same frequency 
range while analyzing the noise at the output 
of the TIA. Th e op amp noise voltage will 
be gained up in the region between the 
noise gain’s zero and its pole. Th e higher the 
values of RF and CT, the sooner the noise 
gain peaking starts, and therefore its con-
tribution to the total output noise will be 
larger. An equivalent total-noise voltage is 
computed by taking the square root of the 
sum of squared contributing noise voltages 
at the output of TIA. 

To summarize, the total capacitance (CT) 
plays an important role in the stability of 
the TIA and hence it is advantageous to 
minimize CT by proper op amp choice, or 
by applying a reverse bias across the diode at 
the expense of excess current and noise. Th is 
article has also shown that various photo-
diodes and the compensation method used 
in the lab confi rm a good match between 
the theory and the bench measurements.
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CPD (pf) CT (pf)
CF CAL 
(pf)

CF USED 
(pf)

f-3 dB CAL 
(MHz)

f-3 dB Meas 
(MHz)

Peaking 
(dB)

22 24 5.42 5.6 29.3 27.1 0.5

47 49 7.75 8 20.5 21 0.5

100 102 11.15 12 14.2 15.2 0.5

222 224 20.39 18 9.6 10.7 0.5

330 332 20.2 22 7.9 9 0.8

CF =
CT

2πRF(GBW)

2πCTRF

f-3dB GBW=

CPD = 47 pF, CF = 8 pF

CPD = 100 pF, CF = 12 pF

CPD = 222 pF, CF = 18 pF

CPD = 330 pF, CF = 22 pF

CPD = 22 pF, 
CF = 5.6 pF

1M 10M 100M

3

0

-3

-6

-9

-12

-15

-18

-21

-24

-27

Frequency (Hz)

N
or

m
al

iz
ed

 I-
V 

G
ai

n 
(d

B
)

Equation 3

Equation 4

AnalogEdge.indd 2AnalogEdge.indd   2 2/27/08 8:13:12 AM2/27/08   8:13:12 AM



For
Engineering
Assistance

Call Factory
or send direct

for FREE PICO Catalog
Call toll free 800-431-1064

in NY call 914-738-1400
Fax 914-738-8225PICO Electronics,Inc.

143 Sparks Ave. Pelham, N.Y. 10803-18889
INDUSTRIAL • COTS • MILITARY

See full Catalog immediately

www.picoelectronics.com

DC
-D

C 
Co

nv
er

te
rs

2V
 to

 1
0,

00
0 

VD
C 

Ou
tp

ut

•Over 2500 Std.
DC-DC Converters

•Surface Mount
•From 2V to 
10,000 VDC Output

•1-300 Watt Modules
•Isolated/Regulated/
Programmable Models 
Available

•Military Upgrades Available
•Custom Models, 

Consult Factory

PUBLISHER, EDN WORLDWIDE
Russell E Pratt, 1-781-734-8417;

rpratt@reedbusiness.com
ASSOCIATE PUBLISHER, EDN WORLDWIDE

Judy Hayes, 1-408-345-4437;
judy.hayes@reedbusiness.com

VICE PRESIDENT, EDITORIAL DIRECTOR
Karen Field, 1-781-734-8188;

kfield@reedbusiness.com
EDITOR-IN-CHIEF, EDN WORLDWIDE

Rick Nelson, 1-781-734-8418;
rnelson@reedbusiness.com

EXECUTIVE EDITOR
Ron Wilson, 1-408-345-4427;

ronald.wilson@reedbusiness.com
EDITOR-IN-CHIEF, EDN.COM

Matthew Miller
1-781-734-8446; fax: 1-303-265-3017;

mdmiller@reedbusiness.com
SENIOR ART DIRECTOR

Mike O’Leary
1-781-734-8307; fax: 1-303-265-3021;

moleary@reedbusiness.com
ANALOG

Paul Rako, Technical Editor
1-408-745-1994; paul.rako@reedbusiness.com

EMBEDDED SYSTEMS
Warren Webb, Technical Editor

1-858-513-3713; fax: 1-858-486-3646;
wwebb@edn.com

MASS STORAGE, MULTIMEDIA, PCs AND PERIPHERALS
Brian Dipert, Senior Technical Editor

1-916-760-0159; fax: 1-303-265-3187;
bdipert@edn.com

MICROPROCESSORS, DSPs, TOOLS
Robert Cravotta, Technical Editor

1-661-296-5096; fax: 1-303-265-3116;
rcravotta@edn.com

NEWS
Suzanne Deffree, Managing Editor

1-631-266-3433; sdeffree@reedbusiness.com
POWER SOURCES, ONLINE INITIATIVES

Margery Conner, Technical Editor
1-805-461-8242; fax: 1-805-461-9640;

mconner@reedbusiness.com
SEMICONDUCTOR MANUFACTURING AND DESIGN

Ann Steffora Mutschler, Senior Editor
1-408-345-4436; ann.mutschler@reedbusiness.com

DESIGN IDEAS EDITOR
Charles H Small

edndesignideas@reedbusiness.com
SENIOR ASSOCIATE EDITOR

Frances T Granville, 1-781-734-8439;
fax: 1-303-265-3131;

f.granville@reedbusiness.com
ASSOCIATE EDITOR

Maura Hadro Butler, 1-617-276-6523;
mbutler@reedbusiness.com

EDITORIAL/WEB PRODUCTION MANAGER
Diane Malone, Manager

1-781-734-8445; fax: 1-303-265-3024
Steve Mahoney, Production/Editorial Coordinator

1-781-734-8442; fax: 1-303-265-3198
Melissa Annand, Newsletter/Editorial Coordinator

Contact for contributed technical articles
1-781-734-8443; fax: 1-303-265-3279

Adam Odoardi, Prepress Manager
1-781-734-8325; fax: 1-303-265-3042

CONTRIBUTING TECHNICAL EDITORS
Dan Strassberg, strassbergedn@att.net

Nicholas Cravotta, editor@nicholascravotta.com

COLUMNISTS
Howard Johnson, PhD; Bonnie Baker;
Joshua Israelsohn; Pallab Chatterjee

PRODUCTION
Dorothy Buchholz, Group Production Director

1-781-734-8329
Kelly Jones, Production Manager

1-781-734-8328; fax: 1-303-265-3164
Linda Lepordo, Production Manager

1-781-734-8332; fax: 1-303-265-3015

EDN EUROPE
Graham Prophet, Editor, Reed Publishing
The Quadrant, Sutton, Surrey SM2 5AS

+44 118 935 1650; fax: +44 118 935 1670;
gprophet@reedbusiness.com

EDN ASIA
Raymond Wong, Managing Director/

Publishing Director
raymond.wong@rbi-asia.com

Kirtimaya Varma, Editor in Chief
kirti.varma@rbi-asia.com

EDN CHINA
William Zhang, Publisher and Editorial Director

wmzhang@idg-rbi.com.cn
John Mu, Executive Editor
johnmu@idg-rbi.com.cn

EDN JAPAN
Katsuya Watanabe, Publisher
k.watanabe@reedbusiness.jp
Ken Amemoto, Editor-in-Chief
amemoto@reedbusiness.jp

EDN. 225 Wyman St, Waltham, MA 02451. www.edn.com. Phone 1-781-734-8000. Address changes
or subscription inquiries: phone 1-800-446-6551; fax 1-303-470-4280; subsmail@reedbusiness.com.
For a free subscription, go to www.getfreemag.com/edn. Reed Business Information, 8878 S Barrons Blvd,
Highlands Ranch, CO 80129-2345. Include your mailing label.

The EDN Editorial Advisory Board serves as an industry
touchstone for the editors of EDN worldwide, helping

to identify key trends and voicing the concerns of the
engineering community.

DENNIS BROPHY
Director of Business Development,

Mentor Graphics

DANIS CARTER
Principal Engineer, Tyco Healthcare

CHARLES CLARK
Technical Fellow, Pratt & Whitney Rocketdyne

DMITRII LOUKIANOV
System Architect, Intel

RON MANCINI
Retired Staff Scientist

GABRIEL PATULEA
Design Engineer, Cisco

DAVE ROBERTSON
Product Line Director, Analog Devices

SCOTT SMYERS
VP Network and System Architecture Division, Sony

TOM SZOLYGA
Program Manager, Hewlett-Packard

JIM WILLIAMS
Staff Scientist, Linear Technology

PRESIDENT, BOSTON DIVISION, REED BUSINESS INFORMATION
Mark Finkelstein, mark.finkelstein@reedbusiness.com

1-781-734-8431

APRIL 3, 2008  | EDN  15

edn080401ednmast_id.indd  15edn080401ednmast_id.indd  15 3/18/2008  3:12:06 PM3/18/2008  3:12:06 PM



Intersil – An industry leader in Switching Regulators and Amplifiers.
©2007 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).

High Performance Analog

Intersil Analog Solutions

Intersil offers a wide selection of power
management and mixed signal processing ICs
for the consumer, industrial, communication
and computing markets.
Intersil continues to innovate with nominations or wins for
superior products from EETimes, EDN, and analogZONE
during the past year. In power management, Intersil’s
recognized leadership in computing switching regulation is
only a fraction of the story.  Intersil has developed a diverse
portfolio of PWMs and battery management devices for
everything from handhelds, large LCD displays, medical and
industrial products.

Power Management:
Battery Management
Bridge Drivers
Digital Power
Display Power ICs
Integrated FET Regulators
Hot Plug Controllers
Power MOSFET Drivers
Power Supply Support
Supervisors
Switching Regulators

Analog Mixed Signal:
Amplifiers
Communications ICs
Data Converters
DCPs
High Speed Drivers
Interface ICs
LCD Drivers
Light Sensors
Switches/MUXes/Xpoints
Timing Circuits
Video ICs
Voltage References

A World of Analog Solutions at Your Fingertips.

Go to www.intersil.com for samples, datasheets and support

EDN080401_Ads.indd  16EDN080401_Ads.indd  16 3/18/2008  10:48:34 AM3/18/2008  10:48:34 AM



pulse

APRIL 3, 2008  | EDN  17

Intel Corp is shipping quad-
and dual-core processors
that the company based

on its high-k-metal-gate-tran-
sistor formula and manufac-
tured on its 45-nm process.
The new processors, which
include the quad-core Xeon
5400 series and the dual-
core Xeon 5200 series com-
bine with Intel’s power-opti-
mized 5100 memory-control-
ler-hub chip set to create the
fi rst 45-nm CPU platforms for
thermally constrained, bladed
systems, according to the
company. When using Intel’s
5000P chip set, the 45-nm
processors target high-per-
formance, memory-intensive
applications, such as storage,
routers, security, and medical
equipment, as well as commu-
nications applications, includ-
ing IMS (Internet Protocol-

multimedia) subsystems.
Intel claims that its hafnium-

based, high-k-metal-gate-
transistor formula reduces
power consumption, increases
switching speed, and offers
greater transistor density than

the company’s 65-nm man-
ufacturing technology. The
45-nm CPU-based platforms
target a maximum power enve-
lope of 200W, such as those
for AdvancedTCA (Advanced
Telecommunications Com-
puting Architecture) and
for NEBS (network-equip-
ment-building-system) Lev-
el 3 requirements. Tele com-
munications company Ericsson
(www.ericsson.com) plans to
introduce its quad-core Xeon-
processor-based IMS/core
network nodes and applica-
tion servers to allow operators
and service providers to host
more subscribers in a smaller
footprint and to lower the total
cost of ownership and envi-
ronmental impact. The pro-
cessing head room will also
allow the development of the
next generation of IMS ser-

vices, according to Magnus
Furustam, vice president and
head of Ericsson’s product-
area core and IMS. To accel-
erate this innovation, Ericsson
and Intel are promoting the
benefi ts of IMS to the global
communications-developer
community.

Intel offers life-cycle support
for seven years for the 5200
series, which includes the
E5240, E5220, and L5238,
and the 5400 series, which
comprises the E5440 and
L5408. This support repre-
sents a two-year increase from
the previous minimum. The 45-
nm processors with extended-
life-cycle support are avail-
able now at prices of $321
to $690. The dual-core, 35W
Xeon L5238 processor is now
available, and the 5100 chip
set, also available now, sells
for $76.
—by Ann Steffora Mutschler

�Intel, www.intel.com.

Targeting applications such as process control, data monitoring and collection, security and medi-
cal-equipment design, VersaLogic’s new VCM-DAS-3 PC/104 analog-output module offers a con-
venient and cost-effective method for adding I/O functions in single-board-embedded-computing
applications. The ROHS-compliant PC/104 module features 16 channels of 12-bit analog output
and 24 digital-I/O lines. In addition, the VCM-DAS-3 operates in an extended-temperature range
of �40 to �85�C.

Enhanced features include independently programmable output ranges, software calibration, the
ability to reset to zero scale on power-up, and readback of DAC and span codes for simplifi ed setup.
Legacy features include 8-bit-ISA (industry-standard-architecture)-bus compatibility, jumper-confi g-
urable output ranges in groups of eight, and the ability to reset to midscale on power-up. Prices for
the DAS-3 start at approximately $400 (OEM quantities).—by Warren Webb
�VersaLogic Corp, www.versalogic.com.

Intel launches 45-nm quad- and dual-core
processors for embedded-system applications

EDITED BY FRAN GRANVILLE

Analog-output module extends embedded I/O

The PC/104 VCM-DAS-3
module features 16 channels
of 12-bit analog output and
24 digital-I/O lines to support
many embedded-computing
applications.

INNOVATIONS & INNOVATORS

The quad-core Xeon 5400
series and the dual-core
Xeon 5200 series combine
with Intel’s power-optimized
5100 memory-controller-hub
chip set to create the first
45-nm CPU platforms for
thermally constrained bladed
applications.
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Wolfson Microelec-
tronics has intro-
duced the AudioPlus

product line, which will com-
bine the company’s expertise in
high-quality audio for portable
products with a power-man-
agement subsystem. Wolfson
has combined functions from
both of these domains in a
single mixed-signal chip. The
WM8350, the fi rst product in
the family, comprises an audio
codec with a suite of regulators
and dc/dc converters that will
meet all of the power-manage-
ment needs of a typical porta-
ble product, such as a mobile
handset or media player. On
the audio side, a high-fi delity
audio codec has mixing capa-
bilities, pop and click suppres-
sion, and signal/noise perform-
ance of 98 dB for its DAC at
�84-dB THD (total harmonic
distortion). The audio chain’s
ADC achieves SNR (signal-to-
noise ratio) of 95 dB at �80
dB THD.

The chip has six analog
inputs, two stereo analog out-
puts, and two monophonic
line outputs; it also features
on-chip headphone amplifi ers
that drive 20 mW into 16�
with THD of �70 dB. Power-
management functions switch
and regulate multiple voltage
lines. You can program four 2-
MHz dc/dc step-down (buck)

converters to provide 0.85 to
3.4V in 25-mV steps. The con-
verters yield peak effi ciency of
more than 90%, and they need
only a small external inductor
and capacitor per line. To gen-
erate voltage above the battery
line—for display backlighting
and for the 5V necessary for
USB—two 1-MHz boost con-
verters also achieve more than
90% peak effi ciency.

You can program four on-
chip, 150-mA, low-noise, low-
dropout regulators over 0.9 to
3.3V in 50- or 100-mV steps,
depending on the version. To
handle the lithium battery that
typically powers the class of
products that Wolfson has in
mind for this chip, a single-cell
charger—programmable for dif-
ferent cell voltages—has trickle
and fast-charging modes. The
charger fi nds its supply from
USB or ac/dc source, as avail-

able, and allows product oper-
ation while charging an empty
battery.

The chip has 13 I/O pins
that you can use to control
system functions: You can pro-
gram, either at start-up or dur-
ing operation, all of the outputs
to set power-up and -down
sequences using a dedicated
onboard controller. The chip
occupies a 129-pin, 7�7-mm
BGA package with a 0.5-mm
ball pitch. Wolfson acknowl-
edges that, if you use all of the
regulation functions at rated
levels, the chip will dissipate
1 to 2W but says that you can
use all of the lines together and
stay within the chip’s fully pro-
tected operating zone.

Combining these mixed-
signal functions on one chip
can save you 25% in external-
component count and 50% in
board area, the company says.
The chip’s designers syn-
chronized audio and dc/dc-
converter clocks to avoid on-
chip-interference effects, but
Wolfson claims that this step
turned out to be largely unnec-
essary. Wolfson’s expertise in
physical and substrate phe-
nomena on mixed-signal pro-
cesses minimized unwanted
effects.

—by Graham Prophet
�Wolfson Microelectron-
ics, www.wolfsonmicro.com.
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Mixed-signal chip combines
audio, power

DILBERT By Scott Adams

Combining
these mixed-

signal functions
on one chip
can save 25%
in external-
component
count and 50%
in board area.

Digital View recently intro-
duced the HE-1920 COTS
(commercial-off-the-shelf)
LCD controller. The fully
buffered, multisynchronous
interface controller provides
analog and digital connec-
tions for a range of TFT
(thin-film-transistor)-LCD
panels with resolutions
to 1920�1200 pixels. It
features full-screen image
expansion of lower resolu-
tions, image-flip and -invert
functions, and onscreen
picture-in-picture functions.

The $269 (1000) HE-1920
also features a 16-bit bus
connector that permits de-
velopers to create propri-
etary hardware interfaces
for the controller. The in-
terfaces provide software-
managed selection pins to
manage multiple input con-
figurations, including opti-
cal inputs and additional
ports. The ROHS-compliant
HE-1920, targeting military
and rugged industrial ap-
plications, features silicon-
resin conformal coatings,
an operating-temperature
range of �40 to �80�C,
and calculated MTBF great-
er than 100,000 hours.

—by Warren Webb
�Digital View, www.
digitalview.com.

LCD CONTROLLER
TACKLES HARSH
ENVIRONMENTS

04
.0

3.
08

The rugged HE-1920 COTS
LCD controller supports high-
resolution and high-definition
formats in military or industrial
applications.
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With Analog Devices ICs inside their designs, medical engineers are 
dramatically improving the diagnostic experience for patients and 
practitioners everywhere. That’s because ADI offers an industry-leading
portfolio of standard and application-tuned amplifiers, data converters,
microcontrollers, MEMS, low drop out regulators, and digital isolators
with unequaled performance, size, cost, and power advantages. From
imaging to monitoring to instrumentation, from medical to consumer 
to communications—wherever user experience defines the design,
ADI is there.

To experience what Analog Devices ICs can do for your designs,
visit www.analog.com/medical-ad1.

User experience defines the design; 
ADI defines the possibilities

ICs that enable world-class diagnostics
for any patient, anywhere.

AD9271: 8-Channel Ultrasound Receiver
Combined LNA, VGA, AAF, ADC blocks reduce signal path 
size by 50%, power by 25%. Enables a new level of patient
care with accurate images in battery-powered equipment 
for nontraditional environments.

AD8339: Doppler Phase Shifter
Replaces crosspoint switches and analog delay lines,
saving up to 75% of board space, 30% of power
consumption. Allows increased channel density and 
CW Doppler capabilities in portable equipment.

AD7982: 1 MSPS, 18-Bit, 7 mW ADC
Combines high accuracy, 95% less power, 80% less 
space than other ADCs. Enables patients to carry their 
cell-phone sized heart monitor all day long during their
hospital recovery.

ADuM240x: iCoupler® 4-Channel Digital Isolator
Replaces optocouplers with an integrated solution to
reduce costs and space up to 60%. Multiple channels of
5 kV reinforced insulation in a single package simplifies
design, improves reliability. Approved for medical grade
isolation per IEC 60601-1.

Our newest medical innovations

ADI is a member of Continua Health Alliance, an international group of technology,
medical device, and health and fitness industry leaders, dedicated to making 
personal telehealth a reality.

www.analog.com/medical-ad1
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Texas Instruments’ lat-
est OMAP (Open Mul-
timedia Applications

Platform) processors integrate
a superscalar, 600-MHz ARM
(www.arm.com) Coretex-A8
core with DSP functions, HD
(high-defi nition)-video accel-
eration, and 2- and 3-D graph-
ics engines. The devices, which
can operate with Windows CE
or Linux operating systems,
target applications with graph-
ics interfaces and video capa-
bilities for power-constrained
products, such as handheld
devices for home manage-
ment and patient monitoring,
as well as GUIs for consumer
and home appliances.

The entry-level device of
the family, the OMAP3503,

is available for sampling and
includes USB 2.0 HS (high-
speed)-compliant OTG (On-
The-Go) controllers with two
additional USB-host control-
lers. It also includes a display
subsystem with support for
PIP (picture in picture), color-
space conversion, rotation, and
resizing. All the devices include
interface support for LCDs,
SDTVs (standard-definition
televisions), and HDTVs (high-
defi nition televisions) and sup-
port for LPDDR (low-power-
double-data-rate), NOR, and
NAND memories, along with
SRAM and pseudoSRAM. The
OMAP3503 is available for
$19.95 (10,000) in a 0.4-mm-
pitch package.

The OMAP3515 and 3530

add a 2- and 3-D graphics
engine that supports Open
GL ES (graphics language
for embedded systems) 2.0
graphics based on Imagination
Technologies’ (www.imgtec.
com) PowerVR SGX graph-
ics accelerator that can deliver
10 million polygons/sec. The
OMAP3530 adds a 64x�
DSP core and HD-video accel-
erators that can support per-
formance to MPEG-4 SP with
720p decoding at 30 frames/
sec. The OMPA3525 omits the
Open GL ES 2.0 engine, but it
includes the C64x� DSP and
HD-video accelerator of the
OMAP3530 processor.

These processors use TI’s
SmartRefl ex technology, which
allows the systems to dynami-

cally control the voltage, fre-
quency, and power consump-
tion based on activity. The
OMAP35x evaluation module
includes an OMAP3503 pro-
cessor with a Linux board-
support package based on
the 2.6.22 kernel, peripheral
drivers, a U-boot for boot load-
ing, and a Busybox-based root-
fi le system. The $1499 evalua-
tion module supports Ethernet,
USB 2.0, SDIO (secure digital
input/output), I2C, JTAG, key-
pad connectivity, and daugh-
tercards. It sports S-video out-
put via NTSC/PAL (National
Television System Committee/
phase-alternation-line) and
YpbPr/RGB, and it can con-
nect with CompactFlash, SD/
MMC (secure-digital/multime-
dia-card), and DDR memories.

—by Robert Cravotta
�Texas Instruments, www.
ti.com.
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Processor combines Coretex-A8 core
with graphics and digital-signal processing

One thing you can count on at the power-
conversion industry’s annual APEC
(Applied Power Electronics Conference)
is that MOSFETs will feature prominently.
This year’s conference, which took place
last month in Austin, TX, was no exception,
with new announcements from Infi neon,
Fairchild, and Toshiba, among others.

Infineon’s 900V superjunction
MOSFETs target high-effi ciency SMPS
(switched-mode-power-supply), industrial,
and solar-energy applications. Infi neon
claims that the CoolMOS power-MOSFET
family overcomes the “silicon limit,” a char-
acteristic of MOSFET semiconductors in
which doubling of voltage blocking capa-
bility leads to a fi vefold increase in on-
resistance. In overcoming the silicon limit,
the CoolMOS devices achieve the indus-
try’s lowest on-resistance per package
type: 0.12� in a TO-247 package, 0.34�
in a TO-220 package, and 1.2� in a D-
Pak. The company claims that these fi g-
ures are at least 75% lower than those for
conventional 900V MOSFETs. The volume
price for a 120-m� part in a TO-247 pack-
age is less than $3.50.

Using discrete MOSFETs on a board can
increase manufacturing costs and resis-
tance between parts. Fairchild attacks this
problem by incorporating two PowerTrench
MOSFETs and a high-current gate driver
into its EPM15-packaged Power-SPM
FPP06R001, which replaces as many as
10 discrete components. Fairchild claims
the advanced package accounts for 10%
lower on-resistance and 16% lower stray
inductance than comparable discrete

approaches. The devices cost $5.
Toshiba announced a family of high-

speed switching MOSFETs, which the com-
pany based on its UMOS VI-H sixth-gen-
eration trench process. The new devices
enable increased power effi ciency by low-
ering on-resistance and increasing switch-
ing speed through lower gate charge and
lower gate resistance. The new MOSFETs
also feature aluminum-strap connections
instead of conventional wire-bond technol-
ogy to further reduce on-resistance. The
devices will fi nd use as low-side MOSFETs
in dc/dc-converter applications. Features
include a maximum drain-to-source volt-
age of 30V, a maximum drain current of
50A, and a typical on-resistance of 2 m�.
Packaging options include a low-profi le
SOP Advance measuring 5�6�0.95 mm.
Prices start at 65 cents.

—by Margery Conner
�Applied Power Electronics
Conference, www.apec-conf.org.
�Fairchild, www.fairchildsemi.com.
�Infi neon, www.infi neon.com.
�Texas Instruments, www.ti.com.
�Toshiba, www.toshiba.com.

MOSFETs get their 15 minutes of fame at APEC

Fairchild’s Power-SPM FPP06R001
synchronous-rectifier module offers 10%
lower on-resistance and 16% less stray
inductance than comparable discrete
designs.
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www.analog.com/digitalcameras

Digital still cameras are all about the user experience—
that’s why more than half have ADI inside

Crisp images. Clear remote audio. Long battery life. When the leading 
manufacturers of digital still cameras (DSCs) seek to deliver the best
user experience, they turn to Analog Devices for its proven credentials
as an active partner on the design team. Our years of experience and
applications expertise help manufacturers bring the newest DSCs to
market on time and on budget. But it’s not only camera designers 
and users who benefit from our extensive portfolio of high perform-
ance analog and mixed signal ICs—we’re also at the forefront of 
medical, automotive, communications, and industrial technologies.
Wherever user experience defines the design, Analog Devices 
defines the possibilities.

To experience what Analog Devices ICs can do for your designs, 
call 1-800-AnalogD or visit www.analog.com/digitalcameras.

Babies, bouquets, and big events—
courtesy of Analog Devices ICs.

AD9920A: Highly Integrated 
Analog Front End (AFE)
Low noise image capture helps to deliver 
higher quality images at higher ISO settings. 
This high performance AFE consumes 50% 
less power than competitive AFEs.

SSM2301: Fully Integrated, High Efficiency
Class-D Audio Amplifier 
Our low power Class-D audio amplifier combines
the ability to efficiently deliver more power out, 
with excellent THD and SNR audio fidelity, for a 
better remote playback experience.

ADV7520NK: 80 MHz, HDMI Transmitter 
This HDMI transmitter enables faithful 
display of your high resolution photos on 
HDTV and consumes a fraction of the standby 
current of competitive solutions.

Our newest camera innovations
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Design and test engi-
neers are under in-
creasing pressure to

quickly bring high-quality prod-
ucts to market and differenti-
ate those products from their
competition. Achieving these
objectives requires new test
protocols and new classes of
instruments, says Alois Hauk,
vice president and general
manager of digital-photonic
test at Agilent Technologies,
which has introduced what the
company calls the industry’s
fi rst generator to combine su-
perior signal quality with the
ability to produce such a wide
variety of waveforms over such
a broad frequency range.

The 81150A pulse/func-
tion/arbitrary-waveform/noise
generator employs a 512k-
sample/channel arbitrary-
waveform memory and a 14-
bit DAC that operates as fast
as 2G samples/sec. The gen-
erator can produce signals
with repetition rates as low as
1 �Hz with modulation at fre-
quencies as high as 10 MHz.

The unit, which produc-
es many waveforms great-
er than 100 MHz and sine
waves to 240 MHz, suits
use in general-purpose
bench tests and advanced
serial-data stress tests.

The 81150A provides ver-
satile generation of pulses with
tight control over transition
times and other parameters;
standard, arbitrary, and modu-
lated waveforms; and noise for
stress testing. The generator
works well with the manufac-
turer’s 5/6/80000 Infiniium
real-time oscilloscopes and
DCA-J sampling oscilloscope
for serial-data testing. Integra-
tion of many functions into one
instrument minimizes cabling,
space, and test-setup time.

Engineers must create ideal
and worst-case signals to ob-
tain rapid, accurate insights
into designs for such devic-
es as semiconductor circuits,
sensors, and modulators. The
81150A’s accurate signals
help engineers to test their de-
vices—not the signal source.

“When signal fi delity matters,
‘just enough’ signal quality isn’t
enough,” says Hauk. “Versa-
tile waveforms and the most
precise signals are key con-
tributors to developing qual-
ity products within a reduced
design cycle. The pulse/func-
tion/arbitrary-waveform/noise
generator supports engineers
through each development
phase, and the patented noise
generator enables a quantum
leap in productivity.”

The instrument provides
both “random” and calibrated,

deterministic noise for re-
peatable stress tests. (The
random noise is not truly
random, but you can set
the signals to repeat as in-
frequently as every six to

12 hours; you can also choose
much more frequent repeti-
tion.) You can defi ne various
stress tests simply by adjust-
ing the crest factor, a measure
of signal quality equal to the ra-
tio of peak or peak-to-peak-to-
rms voltages.

The 81150A features ac-
curate signals that test the
device—not the source—with
intrinsic jitter of 8-psec rms at
any frequency and has 13 stan-
dard functions, modulation ca-
pabilities to 10 MHz, and more
than 80 measurement types. It
also has differential output and
high-voltage output amplifi ers
to test state-of-the-art devic-
es. The 81150A is available in
one- and two-channel versions;
prices start at $8900.

—by Dan Strassberg
�Agilent Technologies,
www.agilent.com/fi nd/81150.

pulse
1-�Hz to 240-MHz generator produces precision
pulses, 14-bit arbitrary waveforms, and more
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With 14-bit resolution and out-
puts from 1 �Hz for a variety
of signals to 240 MHz for sine
waves, the compact 81150A
may provide all of the capabili-
ties you need for generating
precision pulses, functions,
arbitrary waveforms, and noise
to well beyond 100 MHz.

FAST SPICE SIMULATOR TARGETS DIGITAL, MIXED-SIGNAL, AND ANALOG DESIGNS
EDA start-up Nascentric
Inc has introduced a Fast
Spice simulation tool for
analog, mixed-signal, and
custom digital designs that
claims true Spice accuracy
and higher speeds than
other commercial Fast
Spice simulators.

The OmegaSim tool
uses a patented current-
based SPICE model and
engine. It quickly classi-
fies elements in a design,
groups them, and then
assigns each group to a
simulation engine that the
company optimized for a
particular operation. “Each

of the engines focuses on
what it does best,” says
Rahm Shastry, Nascentric’s
president and chief execu-
tive officer. “The transis-
tor engine is complex, but
you don’t need the same
complexity for intercon-
nect because interconnect
is only RLC [resistance/
inductance/capacitance].
Thus, the interconnect en-
gine can be much simpler,
and interconnect can simu-
late fast and accurately.
The same goes for SRAM-
bit cells, which go to an
SRAM engine.”

OmegaSim also has

multithreaded engines,
further speeding simula-
tion. Users can run the
tool in digital or analog
mode. The digital mode
has a submode for verifi-
cation or analysis. In digi-
tal mode operating on one
thread, the tool typically
runs 10 times faster than
other commercial Fast
Spice simulators, Shastry
claims.

On a multithread plat-
form, such as an Intel
(www.intel.com) CoreDuo,
the tool can run two times
faster. In digital-verifica-
tion mode, the tool pro-

vides 2 to 4% the accuracy
of Spice, and, in digital-
analysis mode, the tool
provides 1 to 2% the accu-
racy of Spice.

Nascentric licenses
the tools under a thread-
based licensing model.
It costs $1200/thread/
month or $12,000/thread/
year for the digital-only
version. The company of-
fers the mixed-signal tool
for $500 more per thread/
month or $5000 more per
thread/year.

—by Michael Santarini
�Nascentric, www.
nascentric.com.
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TLMs Rectifiers Diodes

Small Signal
Transistors

Bipolar Power
Transistors

MOSFETs

MDMs

Transient Voltage
Suppressors

145 Adams Avenue, Hauppauge, NY 11788 USA • Tel: (631) 435-1110 • Fax: (631) 435-1824

w w w . c e n t r a l s e m i . c o m

Energy Efficient
Devices

Stay ahead of the curve.

Tiny Leadless
Modules™

Central
Type No.

IF

(A)

VRRM

(V)

Description TLM Size
L x W x H

(mm)

Package

CTLSH1-40M621H 1.0 40 Single, Schottky 2 x 1.5 x 0.4 TLM621H

CTLSH1-40M832D 1.0 40 Dual, Schottky 3 x 2 x 0.9 TLM832D

CTLSH2-40M832 2.0 40 Single, Schottky 3 x 2 x 0.9 TLM832 

CTLSH3-30M833 3.0 30 Single, Schottky 3 x 3 x 0.9 TLM833

CTLSH5-40M833 5.0 40 Single, Schottky 3 x 3 x 0.9 TLM833

Central
Type No.

IC

(A)

VCBO

(V)

Description TLM Size
L x W x H

(mm)

Package

CTLT3410-M621 1.0 40 Low VCE(SAT), NPN 2 x 1 x 0.8 TLM621

CTLT7410-M621 1.0 40 Low VCE(SAT), PNP 2 x 1 x 0.8 TLM621

CTLT853-M833 6.0 200 High Current, NPN 3 x 3 x 0.9 TLM833 

CTLT953-M833 5.0 140 High Current, PNP 3 x 3 x 0.9 TLM833

Rectifiers

Transistors

Call Today and experience the TLM Advantage.
For Samples visit: www.centralsemi.com/tlm3 

or call 631-435-1110

Designed for today’s ultra thin electronic products, Central Semiconductor
Corp. introduces the Tiny Leadless Module (TLM™) family. These new 
package types feature lower profile (height) and reduced board space 
utilization as compared to industry standard SOT packages. 
Here are several featured devices from this new family:

Central’s new Tiny Leadless Modules™ (TLM™)

Central
Type No.

Transistor Rectifier TLM Size
L x W x H

(mm)

Package
IC
(A)

VCBO
(V)

IF
(A)

VRRM
(V)

CTLM1034-M832D (NPN) 1.0 40 1.0 40 3 x 2 x 0.8 TLM832D

CTLM1074-M832D (PNP) 1.0 40 1.0 40 3 x 2 x 0.8 TLM832D

Combo: Low VCE(SAT) Transistor and Low VF Schottky Rectifier

Central welcomes the opportunity to explore selected, special, or custom devices, upon request.

ISO 9001:2000
Certified

TM

Standard SOT
Packagesvs.

The TLM Advantage
Standard SOT Package vs. Bottom Contact TLM™

0.9mm
1.65mm

0.4mm

Illustrations of devices are not shown in actual size, but are in proportion to each other.
All values are shown as nominal.

6.5
mm

7.0
mm

3.0
mm

3.0
mm

• Low Profile 

• Board Space Comparison 
Utilizes 80%Less BoardSpace

SOT-223 TLM833

SOT-223 TLM833 TLM621H

45%
Lower Profile
than SOT-223

75%
Lower Profile
than SOT-223

*

*

*

* Under Development
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Arecent paper in Nano
Letters illustrates both
why researchers are

so interested in carbon nano-
tubes as an interconnect
medium and why making the
nanomaterials a useful reality
is such a hurdle. Researchers
at Stanford University, work-
ing with support from Toshiba
(www.toshiba.com) and foundry
services from TSMC (Taiwan
Semiconductor Manufacturing
Co, www.tsmc.com), have suc-
cessfully connected ring oscil-
lators using nanotubes from
a commercial third party. The
hit-or-miss results displayed
oscillator frequencies as high

as 1 GHz—a fi rst for this new
material.

TSMC fabricated a die
with 256 ring oscillators; one
interconnect link was missing
from each ring. The Stanford/
Toshiba team then attempted
to make this one missing con-
nection using commercially
manufactured metallic-mode

nanotubes. They succeeded
for 19 of the 256 circuits. Of
those 19, 16 of the connec-
tions showed impedance low
enough to allow the oscilla-
tors to operate at frequencies
greater than 800 MHz, and
one achieved 1.02 GHz. The
team used nanotubes measur-
ing 50 to 100 nm in diameter
and approximately 5 microns
long. HS Phillip Wong, profes-
sor of electrical engineering at
Stanford and co-author of the
paper, observes that signifi cant
improvements in both the qual-
ity of the nanotube stock and
the technology of connecting
the tubes to transistor contacts
would be necessary before the
technique approached produc-
tion viability. But the experiment
shows that the nanotubes can
at least achieve reasonable
frequencies.
�Stanford University, www.
stanford.edu.
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pulse

Stanford tries nanotubes
for on-chip interconnect

Carbon nanotubes form con-
nections in ring oscillators in
this research die.

BY RON WILSON

RESEARCH UPDATE

GEORGIA TECH STUDIES OFF-CHIP-INTERCONNECT ISSUES
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As chips get faster,
off-chip interconnect
increasingly looks like
a bottleneck to high-
frequency signals. This
scenario occurs when
the signals must traverse
not only relatively long
distances across a board,
but also short hops from
the package leads to the
board traces. A pair of
studies at the Georgia
Institute of Technology
School of Chemical and
Biomolecular Engineering
is exploring these chal-
lenges.

In the first study, re-
searchers attempted to
fabricate an all-copper
structure to bond pack-
age-lead frames to PCBs
(printed-circuit boards),
reasoning that such con-

nections should be lower
in series resistance than
the traditional flow-sol-
dered-bump technology.
The team electroplated
copper bumps onto both
the package pads and the
PCB pads. Then, placing
the package on the board
and aligning the bumps,
they immersed the assem-
bly in an aqueous-copper
solution, allowing a thin
pillar of metallic copper to
grow between the bumps.

The result is too thin to
be structurally adequate
in that state, so the team
then annealed the as-
sembly at 180�C for one
hour—not necessarily the
most welcome step for
process engineers but
enough to strengthen the
copper pillars. The result

is a strong, low-resistance
connection.

For board-crossing, the
second study experiment-
ed with forming conduc-
tors with buried air gaps
beneath them to reduce
parasitic capacitance. The
process involves plating
copper traces onto an ep-

oxy-fiberglass board and
then coating the traces
with a layer of sacrificial
polymer. A layer of a dif-
ferent polymer then builds
up around the traces. A
titanium barrier and a top
copper layer go over the
original traces on top of
the sacrificial polymer.
The scientists then cook
away this sacrificial poly-
mer at 180�C. The result is
a multilayer connection of
copper, air gap, titanium,
and copper.

The team has demon-
strated formation of this
structure and is working
on a version that would
in effect form a coaxial
cable.
�Georgia Institute of
Technology, www.gatech.
edu.

Two copper pillars bond
together using a novel fab-
rication technique. Placing
these all-copper connections
between computer chips and
external circuitry will lead to
increased computing speeds
(courtesy Tyler Osborn).

“There is no one
that I trust less to
make intelligent
economic or engi-
neering decisions
than Congress,
which, through
previous idiotic
legislation, is one
of the primary
contributors to
high energy pric-
es by making it
nearly impossible
to develop new,
economically vi-
able sources of
energy.
—Reader Herm Harrison,
in EDN’s Feedback Loop,
at www.edn.com/article/
CA6531582.

FEEDBACK LOOP
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The Fastest SPI Serial The Fastest SPI Serial 
EEPROMs in the IndustryEEPROMs in the Industry

www.microchip.com/SPI
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1 Kb1 Kb

2 Kb2 Kb

4 Kb4 Kb

8 Kb8 Kb

16 Kb16 Kb

32 Kb32 Kb

64 Kb64 Kb

128 Kb128 Kb

256 Kb256 Kb

512 Kb512 Kb

1 Mb1 Mb

25LC640A

25LC010A

25LC020A

25LC040A

25LC080A/B

25LC160A/B

25LC320A

25LC128

25LC256

25LC512

25LC1024

25AA640A

25AA010A

25AA020A

25AA040A

25AA080A/B

25AA160A/B

25AA320A

25AA128

25AA256

25AA512

25AA1024

1.8V – 5.5V 2.5V – 5.5V

Up to

 20 MHz

Up to

 10 MHz

microchip
DIRECT

www.microchipdirect.com

Get started today with the
SEEVAL® 32 Serial EEPROM 
Designer’s Kit (Part Number 
DV243002) for only $99.99!

Microchip provides SPI serial EEPROMs across a wide memory-density range (1 Kbit - 1 Mbit), 
which are specifi ed to operate over an extended temperature range (up to 125ºC). These devices 
provide over 1 million erase/write cycles and 200-year data retention.

5 & 6-SOT (OT)
3 x 3 mm

8-MSOP (MS)
3 x 5 mm

8-SOIC (SN)
5 x 6 mm

8-DFN (MC)
2 x 3 mm

8-TSSOP (ST)
3 x 6.5 mm

Actual Package Sizes!
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the digital waveform, producing equal
voltage margins above and below the
required switching levels, VOH (high
output voltage) and VOL (low output
voltage). That ideal voltage equals
the average of the required high- and
low-output levels minus a correction
term that accounts for asymmetry in
the drive capability of the source:

This equation assumes that the IOH
(high-side source current) is positive
and the IOL (sinking current) is neg-

ative. If those two values have equal
magnitudes, they sum to zero.

If you have a suitable source of ter-
minating voltage, the structure in Fig-
ure 1a is easy to understand and uses
fewer components than the one in
Figure 1b. On the other hand, if no
suitable voltage source exists, then
you have no choice: You must syn-
thesize the Thevenin equivalent from
Figure 1b.

Given any combination of termi-
nation resistance, termination volt-
age, and VCC (power-supply voltage)
with voltage greater than the termina-
tion voltage, the following circuit val-
ues make the circuit in Figure 1b per-
form, from the transmission line’s per-
spective, just as well as the one in Fig-
ure 1a.

If you carefully follow the equations,
you are now almost finished with
your design. Next, you will discov-
er that, no matter what values you
have just computed, those exact val-
ues are never available in your compo-
nent catalog. The values in the cata-
log are quantized to the nearest stan-
dard value, according to the tolerance

specification for each component.
If you want your circuit to perform

over a range of resistor values and
over a range of possible values for the
power-supply voltage, check the worst-
case constraints in Figure 1. If resistor
R1 meets these conditions, then the
circuit in Figure 1b will work under
all conditions just as well as the one
in Figure 1a. Make sure that the min-
imum and maximum values take into
account temperature and aging. Some
fiddling with the values will be neces-
sary; there is no straightforward design
approach that always works.

If you have difficulty satisfying the
constraints, try raising your target for
the termination resistance and start
again. Although it will not terminate
the circuit as well, increasing the ter-
mination resistance opens more room
for tolerance in the circuit. The tol-
erance requirements for R1 and R2 are
somewhat interchangeable. A tighter
tolerance for R2 opens  more room for
R1 and vice versa.

I cannot help you further with this
aspect of the design. Component se-
lection in analog circuits always in-
volves some last-minute juggling to
meet all the tolerance requirements. I
can, however, point out that the cir-
cuit in Figure 1a helps you under-
stand the need for two resistor values
and how they work together to meet
the impedance and current-drive con-
straints your driver imposes.EDN

R E FE R E N CE S
 Johnson, Howard, PhD, “Yao!

What a handshake!” EDN, Feb 7,
2008, pg 22, www.edn.com/article/
CA6526821.

 Johnson, Howard, PhD, “ZMIN, a
very special value,” EDN, March 6,
2008, pg 24, www.edn.com/article/
CA6535348.

BY HOWARD JOHNSON, PhD

Designing a split termination

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

M
y last two articles dealt with the design of the end-ter-
minating structure in Figure 1a (references 1 and 2).
That structure terminates a transmission line with a
single resistor value, RT (termination resistance), lead-
ing to a fixed VT (terminating voltage). In most cases,
the termination resistance equals the characteristic

impedance of the transmission line or can be a little higher than that
impedance if the driver is weak. The ideal terminating voltage centers

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.

Figure 1 If R1 meets both the termina-
tion-impedance constraints (a) and the
drive-current constraints (b), then both
termination circuits perform equally
well.
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As typical household products be-
come more sophisticated, the power
factor of the load they represent de-
cays—a trend that is exacerbating a
growing stress on our electric-power
infrastructure. The problem with low
power-factor loads is that they tie up
grid capacity in excess of the energy
they use.

An analysis of a load that draws
nonsinusoidal current represents the
current waveform as a harmonic series
with components that are either in
phase or in quadrature with the volt-
age waveform. Because the power grid

must supply all of the current—the in-
phase component, which the utility
meter measures, and the out-of-phase
or reactive component, which the
utility meter does not measure—the
grid load exceeds the metered load.

The so-called PA (apparent pow-
er) is the product of the rms voltage
and rms current—measures that ig-
nore relative phase (Figure 1). PREAL
(real power) is the integral of the in-
phase voltage-current product over
each line cycle. PREAC (reactive pow-
er) accounts for the quadrature-cur-
rent component. The PF (power fac-

tor) is a measure of grid-use efficiency,
which you can calculate as the ratio of
PREAL to PA, or

Conversely, the excess grid capacity
that a load uses is

The figure shows a load with a PF
of about 0.9, which corresponds to an
excess grid use of about 12%. To put
numbers to a few real objects, I mea-
sured some devices in my home (Ta-
ble 1). Think of these numbers in
the context of the electronic devic-
es your company makes and consid-
er the important role high power fac-
tors can play in electric-energy avail-
ability.EDN

Joshua Israelsohn is a co-founder of JAS
Technical Media, where he manages the
company’s technical-communication con-
sultancy practice. You can find his con-
tact information at www.jas-technical
media.com/Contact.

BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR

Honest energy

,,
A N A L O G  D O M A I N

I
had the honor and great pleasure of serving as a panelist at an APEC
(Applied Power Electronics Conference, www.apec-conf.org) rap
session in February in Austin, TX. Although the session’s central
theme was the power sector’s focus on efficiency, I was intrigued to
note that all of the panelists agreed on an issue concerning energy
use that lies outside a strict definition of efficiency: watts out divided

by watts in.
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Figure 1 Power factor is the ratio of
real-to-apparent power and is a mea-
sure of grid-use efficiency.
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TABLE 1 POWER FACTORS, EXCESS GRID USE

Device
Power
factor

Excess
grid use (%)

Home computer 0.65 54

Computer-CRT
display

0.65 54

Laser printer 0.73 37

Compact fluorescent
lamp

0.56 79

Tungsten-filament
lamp

1 0

Refrigerator
compressor

0.91 10
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Analog Applications Journal
DESIGN BRIEF

By John Tucker
Applications Engineer

Introduction
To power some applications, generating a negative 
voltage from a positive input voltage source may be 
required. In such instances it is possible to config-
ure the buck converter into an inverting buck-boost 
topology, where the output voltage is negative with 
respect to ground.

Basic Buck Topology
To understand the inverting buck-boost circuit 
operation, first consider the basic topology of the 
buck converter as shown in Figure 1. The compo-
nents inside the box with a blue dotted outline are 
typically integrated into the converter’s integrated 
circuit, while those outside are required external 
components.

When the FET switch is on, the voltage across the 
inductor is VIN – VOUT, and the current through the 
inductor increases at a rate of

di
dt

V V
L

IN OUT .

When the switch is off, the inductor voltage revers-
es to keep the inductor current continuous. Assum-
ing that the voltage drop across the diode is small, 
the inductor current ramps down at a rate of di/dt = 
VOUT/L. The steady-state load current is always 

Using a Buck Converter in an Inverting 
Buck-Boost Topology
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carried by the inductor during both the on and off 
times of the FET switch. The average inductor 
current is equal to the load current, and the peak-
to-peak inductor ripple current is

I
V V D

f LL PP
IN OUT

SW
( )

( )
,=

−

where VIN is the input voltage, VOUT is the output 

OUT/VIN, fSW is 
the switching frequency, and L is the output 
inductance.

Inverting Buck-Boost Topology
Compare the preceding operation to that of the 
inverting buck-boost topology shown in Figure 2. 
The inductor and catch diode have switched places 
relative to the buck converter of Figure 1; and the 
output capacitor is reversed in polarity, as the 

Figure 1. Buck topology
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Figure 2. Inverting buck-boost topology
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the FET switch is on, the voltage across the inductor is 
VIN and the current ramps up at a rate of di/dt = VIN/L.
While the FET switch is on, the entire load current is 
supplied by energy stored in the output capacitor. 
When the FET switch turns off, the inductor reverses 
polarity to keep the inductor current continuous. 
The voltage across the inductor is approximately 
VOUT, and the inductor current decreases at a rate of 
di/dt = –VOUT

supplies current both to the load and to replenish 
the energy lost by the capacitor during the on time. 
So for the buck-boost circuit, the average inductor 
current is

I
I

DL
OUT

1
,

and the peak-to-peak inductor current is

I
V D
f LL PP

IN

SW
( ) .

D
V

V V
OUT

IN OUT
.

These basic differences in circuit operation are 
important when the buck converter is used as a 
buck-boost converter.

Design Considerations
When a nonsynchronous buck converter is used in an 
inverting buck-boost configuration, certain consid-
erations must be made. The design equations are 
presented in simplified form with the semiconductors 
idealized and other component losses neglected. To 
implement the buck-boost topology of Figure 2, the 
buck-converter ground pin is connected to VOUT, and 
the positive lead of the output capacitor is connect-
ed to ground. The voltage across the device’s VIN pin 

IN – (–VOUT), rather than just VIN as in 
the buck converter. This combined voltage must be 
less than the specified VIN of the chosen device.

Since the average output current cannot exceed 
the device’s rated output, the available load current 

ISW Load, where ISW is the average rated 
current of the high-side switch FET.

Typical Waveforms
To demonstrate some of the performance charac-
teristics of an inverting buck-boost converter, a test 

and had a –5-V output at 2 A. Output voltage ripple 
and switching-node waveforms are shown in Figure 3. 
Note that the switching-node voltage varies from 
VIN to VOUT for the inverting buck-boost converter 
instead of VIN to ground for a buck converter. The 

ground reference line is indicated by the C2 marker 
at the left edge of the figure. Also observe that 
the output voltage ripple does not show the linear 
ramp characteristic typical of the buck converter. 
The output capacitor supplies the load current dur-
ing the switch on time and is recharged during the 
switch off time. This charge-and-discharge cycle is 
superimposed with the AC ripple current to create a 
more complex ripple current as shown in the figure. 
Remember that the output voltage is negative, so 
the positive portions of the waveform represent the 
output becoming less negative, or the discharge 
portion of the cycle.

Conclusion
A buck converter can be used to generate a nega-
tive output voltage from a positive input voltage if 
the circuit is configured as an inverting buck-boost 
converter. The circuit design is straightforward, but 
these important points should be remembered. The 
output current is less than the average inductor 

current will be less than the device rating. The output
voltage is negative and is available at the device 
ground pin, so the effective voltage across the input 
of the device is VIN – VOUT. This difference must not 
exceed the input-voltage rating of the device. Finally, 
the ground of the device should not be tied to the 
system ground.

Please see Reference 1 for the complete version of 
this article, which provides additional design details 
and shows waveform comparisons between test 
circuits for a buck converter and the inverting buck-
boost converter.

Reference
1. View the complete article at 
http://www-s.ti.com/sc/techlit/slyt286

Figure 3. Inverting buck-boost output voltage ripple 
and switching-node voltage

Time Base = 1 μs/div

C2

Switching-Node Voltage = 10 V/div

V = 50 mV/div (AC-coupled)OUT



efficiency results in lower electric bills
and, just as important, less heat. Reduc-
ing heat and power consumption creates
a cascading set of results that provide
lower initial costs, lower operation costs,
and lower total cost of ownership.

In older cell-phone-modulation de-
signs, the linearity of the output stage
was unimportant because the demod-
ulation did not depend on linearity.
CW (continuous-wave), FM (frequen-
cy-modulation), and GMSK (gaussian
minimum-shift keying) for GSM (glob-
al-system-for-mobile) communication
technologies have a constant envelope
and require no linear amplification. To
work properly, new modulation schemes,
such as EDGE (enhanced data for GSM
evolution), require linear amplifiers. You
can achieve this linearity by underdriv-
ing the RF amplifier and leaving head
room between the output signal and the
power-supply voltage. The problem with
this approach is that it directly decreases
the amplifier’s efficiency.

Efficiency in single-transistor output
stages improves as the output swing ap-
proaches the power-supply rails. To im-
prove efficiency, select power-supply
voltages and load impedances so that
the output stage swings close to the rails.

This approach dissipates less aver-
age power in the output transistors
because the output transistor al-
ways has less voltage across it as the
output signal nears the power rail.

Unfortunately, driving the out-
put signal closer to the supply rail

also reduces the amplifier’s linearity.
This reduction occurs just as frequent-
ly at RF frequencies as it does at audio
frequencies. Any amplifier whose circuit
design causes it to swing to values near
the power-supply rails has less linear-
ity. The ultimate expression of lineari-
ty problems in an amplifier is amplifier
clipping, and the power-supply voltage
is insufficient to allow the signal excur-
sion to properly represent the amplified
input signal (Figure 1).

THE NEED FOR LINEARITY
It may not be immediately appar-

ent, but linearity is not a primary con-
cern in designing many RF systems. The
fact that designers use Class C amplifi-
ers should suggest that a perfect repre-
sentation of the input sine wave might
not be critical to the communications

DESIGN RF AMPLIFIERS FOR
LINEARITY AND EFFICIENCY

BY PAUL RAKO • TECHNICAL EDITOR

 C
ell phones use modern modulation schemes
that require linear amplification of the RF sig-
nal. A typical way to achieve this linearity is
to burn more power in the output stage. This
approach reduces efficiency, even though effi-
ciency is one of the most important operating
parameters in a phone, a base station, or any
other electronic system.

Important efficiency requirements exist on
both the handset and the base-station sides of the telecom world.
In handsets, efficiency directly translates into battery life. By in-
creasing cell-phone efficiency, you can also increase talk time—a
fundamental figure of merit for a handset. On the base-station side,

APRIL 3, 2008  | EDN  31

BASE STATIONS AND HANDSETS NEED RF AMPLIFIERS WITH HIGH
LINEARITY AND EFFICIENCY. WITH SOME CLEVER TECHNIQUES,
DESIGNERS CAN ALIGN THESE MUTUALLY EXCLUSIVE GOALS.

Heads
or tails
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requirements of some types of signals.
Imagine the RF signal from an FM-ra-
dio station. In FM transmissions, the
zero crossings of the waveform contain
all the information in the signal. Even if
the peaks of the waveform become dis-
torted, the fidelity of the demodulated
signal do not. Overdriven FM-radio sig-
nals create frequency harmonics of the
carrier frequency, and those harmonics
may be objectionable from an interfer-
ence standpoint, but a receiver tuned to
an overdriven-FM-radio signal still op-
erates successfully (Figure 2).

Over the past decade, the acquisi-
tion costs and revenue demands of cell-
phone-radio bands have encouraged the

design of advanced modulation schemes
that allow for more information in a nar-

rower frequency band. A figure of merit
for these schemes is bandwidth efficien-
cy, which you express in megabits per
megahertz or bits per second per hertz.
Modern and proposed cell-phone stan-
dards, such as EDGE, contain informa-
tion in far more than the zero crossings
of the signal. The new cell-phone-mod-
ulation schemes, such as QAM (quadra-
ture-amplitude modulation), carry infor-
mation in both the phase and the ampli-
tude of the envelope signal on the RF-
carrier frequency. Examine the classic
64-QAM (64-state-QAM)-vector con-
stellation (Figure 3). The phase and am-
plitude of the signal use a series of sym-
bol vectors to create the envelope of the
RF signal. Because there are 64 vectors,
the information that any vector carries
can represent 6 bits of digital informa-
tion, providing the bandwidth efficiency
of 64-QAM schemes, which approach
6 Mbps/MHz.

Poor linearity causes problems in
such an advanced modulation scheme.
Because the demodulator needs an ac-
curate depiction of both the amplitude
and the phase of the signal, the instan-
taneous accuracy of the signal is impor-
tant, unlike with FM transmissions, in
which only the zero crossings matter. If
the operating signals drive the RF-pow-
er amplifier close to the output rail, the
transistor approaches saturation, com-
pounding its inherent logarithmic non-
linearity. Thus, the symbol vector that
the amplifier encodes loses the correct
amplitude and phase. When the non-
linearity is severe enough, the symbols
overlap and lose the information.

A demodulation scheme might ac-
count for the inherent nonlinearity of a
transistor, but the biasing of that transis-
tor establishes at which point on the log-
arithmic-transfer function the transistor
operates. Thus, coming up with such a
demodulation scheme would be difficult.
Further, the saturation of the transistor
as it approaches the power rails would be
difficult to factor into to any demodula-
tion scheme because each RF source has
a somewhat arbitrary power-supply volt-
age. The only approach to correcting
poor symbol accuracy is improving the
accuracy of the RF-power amplifier.

Class A output stages have inher-
ent nonlinearity due to the transistor’s
curve, making the positive and the
negative excursions of the output sig-

Figure 2 The frequency-modulated signal, y(t), is immune to amplifier nonlinearity. The
zero crossings, rather than the amplitude, contain the information, so amplitude distor-
tion in the amplifier causes no problems.
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AT A  G LAN CE
New cell-phone standards

require linear RF amplifiers.

Improving linearity often hinders
efficiency.

Digital predistortion is one
method of achieving linearity and
efficiency.

The Doherty amplifier implements
a hardware method for improving
efficiency.

Modeling and simulating nonlin-
ear systems are challenges.

�

�

�

�

�

Figure 1 Clipping distortion is apparent when comparing the blue input with the yel-
low, moderately clipped output waveform or the red, heavily clipped output waveform.
Symmetrical clipping such as this one appears as odd harmonics in the frequency
domain. Amplifier nonlinearity creates intermodulation distortion that is harmonically
unrelated to the two input tones.
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nal asymmetrical. At lower fre-
quencies, feedback overcomes this
nonlinearity. Transistor amplifi-
ers soon evolved into operation-
al amplifiers that have forward
gain that can exceed 120 dB, en-
abling designers to improve lin-
earity by using a large amount of
negative feedback. This feedback
combines with Class A-B output
stages to produce linearity such as
that of the National Semiconduc-
tor LME49710, which spe cifies a
linearity of 0.00003%. Note, how-
ever, that this linearity spec is for
operation at relatively low fre-
quencies. All amplifiers exhibit
a roll-off of gain with frequency.
Current-feedback-amplifier archi-
tectures have less gain loss at high
frequencies, but they still roll off
at high frequencies.

Remember that the linearity im-
provement you achieve with large
feedback involves also having a large for-
ward gain. Because amplifiers have less
forward gain at higher frequencies, they
also have less feedback at high frequen-
cies. As a result, RF amplifiers, especially
RF power amplifiers, cannot use conven-
tional feedback at the 1-GHz and higher
frequencies at which they operate.

Just as daunting, the open-loop nature
of most RF amplifiers means that they
are subject to power-supply-rejection
and output-saturation problems. Be-
cause RF amps operate near the frequen-
cy limits of the transistors themselves,
you cannot practically make them into
high-gain operational amplifiers. In this

regard, RF-amplifier design still
incurs all the difficulties that de-
signers of tube equipment faced
decades ago.

In addition to the linearity
problems facing all amplifier de-
signers, other linearity impedi-
ments make RF amplifiers even
more challenging. For example,
the electrical and thermal oper-
ation of the amplifier can cause
memory effects that in turn in-
troduce time- or data-depen-
dent nonlinearity. Electrical-
memory effects are analogous
to the memory effects that you
can observe in old tube-gui-
tar amplifiers. These amps had
cheap power-supply systems—
often, open-loop linear supplies
comprising a capacitor hanging
across a tube-rectified line volt-
age. A loud power chord would
heavily drive the output stage

and pull down the power-supply voltage
as the capacitor drained. The line volt-
age restores the capacitor after the heavy
load, but it takes 10s of milliseconds to
do so. The sag in the power-supply volt-
age changes the biasing of the output
transistors in the guitar amplifier, creat-
ing distinct “data-dependent” nonlinear-
ity. The degree of nonlinearity depends
on the previous signal. RF-power ampli-
fiers are subject to the same phenome-
non. The sequence of data may require
symbols that cause the heavy driving of
the amplifier. This situation affects the
power supply and biasing of the amplifier
and creates time-dependent nonlinearity
that changes with the modulation of the
RF carrier.

Besides these electrical-memory ef-
fects, amplifier designers must also han-
dle thermal-memory effects. Hot and
cold transistors have different transfer
functions, introducing a time-depen-
dent nonlinearity into the system. If the
environment is hot or the data stream
heats up the output stage, then the
transistor exhibits different nonlinear-
ity from what it would exhibit at a cool
temperature. As more CMOS chips are
integrating RF-power amplifiers, even
more thermal problems emerge.

Figure 4 shows the nonlinearity of
RF-power stages. At the core of transis-
tor nonlinearity is the fact that the cur-
rent-to-voltage transfer function of a
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Figure 3 A 64-QAM constellation can encode 6 bits per
symbol vector. Some vectors are subject to phase errors,
and some vectors are sensitive to amplitude errors. In
either case, the accuracy of the waveform envelope is
critical, which makes amplifier linearity so important.

mA

V

mA

(a) (b)

(d)(c)

Figure 4 RF-power-amplifier nonlinearity occurs because of the inherent nonlinearity of
a transistor amplifier (a), clipping distortion (b), and both electrical-memory (c) and ther-
mal-memory (d) effects.
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transistor is a logarithmic curve, not a
straight line. The next issue is the satu-
ration of the transistor as it approaches
the power-supply rail.

APPROACHES TO LINEARITY
RF designers cannot just swing the

output of the amplifier across a smaller
range and suffer with the efficiency hit.
They can use feedback, feedforward, or
predistortion approaches to preserve ef-
ficiency for battery life and power sav-
ings. The feedback approach suits de-
signs requiring high linearity, narrow
bandwidth, and medium efficiency. The
feedforward technique also works for de-
signs requiring high linearity but with
wide bandwidth and a low-efficiency re-
quirement. Predistortion allows for me-
dium linearity and bandwidth but yields
high efficiency. Because RF-power am-
plifiers operate at such high frequencies,
the use of conventional feedback tech-

niques is impractical. In this context,
the term “feedback” often refers to Car-
tesian feedback, in which circuitry con-
verts the RF output back down to base-
band, deriving the I (in-phase) and Q
(quadrature) signals and feeding those
signals back to the input stages. This sys-
tem can achieve high linearity but only
if you don’t overdrive the output stage.
The efficiency is lower than you might
think. Because feedback amplifiers are
subject to oscillation, you cannot use
this technique on wideband amplifiers.

To get both acceptable linearity and
high bandwidth, RF designers have re-
sorted to predistortion techniques: The
I and the Q signals that perform the
modulation can compensate for the de-
terministic nonlinearity of a system. Be-
cause a digital system can also use com-
plex algorithms to predict the thermal-
and electrical-memory effects, these set-
ups also preserve linearity in the face of

DAC

ADC

UPCONVERTER

LOCAL
OSCILLATOR

DRIVER RF-POWER
AMPLIFIER

ANTENNA

COUPLER

DOWNCONVERTER

DSP

Figure 5 A cell-phone base station uses digital predistortion depending on the compo-
nents the base station uses. Cartesian feedback also allows dynamic algorithms that
can help compensate for memory effects and other nonlinearity.
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Figure 6 The Doherty RF amplifier achieves better efficiency by using an auxiliary
amplifier to vary the load impedance on the primary amplifier. This approach allows the
primary amplifier to continue to swing a large signal, dissipating less power in the ampli-
fier. If the auxiliary amp lowers the load impedance on the primary amplifier, the primary
amplifier delivers more power.
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Figure 7 In this circuit, the same signal
passes to both sides of a resistor, and the
upper amplifier sees an infinite load. The
amplifiers drive both sides of the resistor
at the same amplitude, so neither amplifier
sources any current or delivers power to
the resistor. If the signal to each amplifier
is 180� out of phase, the load that each
amplifier perceives would be twice the
resistor value. A Doherty amplifier uses
this principle to vary output power and
maintain efficiency.

these problems. Note that the inherent
linearity of the components in the RF-
signal path is still relevant. There is a
limit to the corrections that you can ap-
ply in the digital domain. The closer the
signal path is to ideal, the easier job a
digital-system designer will have provid-
ing an accurate predistorted signal.

Designers are always cognizant of the
inherent linearity of system compo-
nents, according to James Wong, high-
frequency-product-marketing manger at
Linear Technology. “An active upcon-
verter with built-in amplification, noise,
linearity, and superior isolation results in
a superior dynamic range … compared
with a passive upconverter followed by
an amplifier,” he says. “This [approach]
greatly reduces the challenge [for] digi-
tal designers … providing predistor-
tion to the signals.” He points out that
modern base stations also use Cartesian
feedback. Circuitry downconverts and
extracts the I and Q components of the
output and then feeds them back to the
DSP core. This approach allows the sys-
tem to use sophisticated algorithms that
use real-time Cartesian feedback as well
as predistortion based on the compo-
nents the signal chain uses (Figure 5).

Hardware designers need not resort
to using digital predistortion to improve
linearity, however. Hardware can also
improve linearity and efficiency; the bet-
ter the inherent linearity, the less digi-
tal systems must correct. Designers may
want to consider the use of a Doherty
amplifier, which William H Doherty of
Bell Laboratories invented in 1936 (Fig-
ure 6 and Reference 1). This amplifier
has two RF paths. The RF does not just
shuttle between a low-power stage and
a high-power stage. The output-voltage
swing in an RF amplifier should be close
to the power-supply-rail voltage. The
Doherty amplifier uses the second am-
plifier to change the apparent output im-
pedance on the main amplifier. An am-
plifier feeding a transmission line faces an
infinite output impedance if the second
amplifier produces an identical signal on
the other end of the line (Figure 7). Be-
cause both ends of the transmission line
are equipotential, no current flows, and
the line delivers no power. If you don’t
drive the secondary amplifier at all, then
the output impedance that the first am-
plifier “sees” is the characteristic imped-
ance of the transmission line. By exten-

sion of this principle, if you drive the
secondary amplifier 180� out of phase
from the first, then you are differentially
driving the right side of the transmission
line, and the apparent output impedance
that the first amplifier sees is half the
characteristic line impedance, increasing
the delivered power. The main amplifier
always swings near the output rails. If the
design requires low-power transmission,
the secondary amplifier increases the ap-
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Figure 8 The low cost of handsets
encourages the use of straightforward
methods to improve efficiency. Avago
makes amplifier modules that switch
between high-power mode with output
power greater than 16 dBM (a) and
low-power mode with output power less
than 16 dBm (b). The improvement in
efficiency can add an hour of talk time.
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parent output impedance that the main
amplifier sees, and, for a given voltage
swing near the rail, the amplifier delivers
less current and, hence, less power.

The sophistication of the Doherty
amplifier makes it a good fit for use in
the base-station side of the cell-phone
world. On the handset side, space and
cost constraints are far more severe. In
this case, you can use RF switches to
switch gain blocks as necessary, pro-
viding substantial power savings. For
example, Avago’s CoolPAM (power-
amplifier-module) RF devices provide
cell-phone designers a way to maintain
efficiency over wide output-power lev-
els (Figure 8). You can use this straight-
forward technique instead of feeding the
output stage with a dc/dc converter. Us-
ing the converters allows the RF-output
stage to always operate near saturation
and, hence, improve efficiency. Howev-
er, dc/dc converters consume more space
and have efficiency limitations of their
own. Using the CoolPAM technology,
Avago claims, can increase talk time to
more than an hour, a compelling oppor-
tunity for cell-phone designers.

THE TROUBLE WITH MODELING
The quest for linearity with efficiency

in RF-power amplifiers also affects the
EDA tools for developing RF systems.
Because these RF systems are inherently
nonlinear, they share all the mathemati-
cal problems of other nonlinear systems.
Using Spice and other circuit-simula-
tion techniques may not apply and may
be time-consuming because RF designs
often require steady-state operation, a
condition that may take billions of signal
excursions to achieve. RF designers have
typically resorted to black-box-modeling
techniques, such as the use of S (scat-
tering) parameters, to design systems. S
parameters do not account for nonlin-
earity and do not model the bias points
of the amplifier, however. To solve this
problem, Agilent, which popularized S-
parameter design, recently introduced
X parameters, or polyharmonic-distor-
tion modeling (Reference 2). These pa-
rameters combine the response of a lin-
ear system with the response due to the
nonlinear factors. Agilent has provided
several papers detailing this technique,
and the inclusion of X-parameter simu-
lation in Agilent’s RF-design tools and
the development of Agilent’s test equip-

ment that can characterize X parameters
are sure to follow.

The design of RF-power amplifiers is
becoming increasingly difficult due to
the design requirements for new cell-
phone-modulation schemes. The RF do-
main has long been the realm of intui-
tive design and experienced engineers.
The demands on linearity and efficiency
in these new designs only further accen-
tuate the need for expertise when cre-
ating designs that work properly. The
design effort is also spreading across dis-
ciplines. RF-, analog-, and digital-sys-
tem designers all contribute to the per-
formance of the signal chain. With ex-
perienced designers now getting access
to sophisticated tools and instruments
from EDA and test-equipment manufac-
turers, you can all look forward to even
more amazing performance gains, all at
significantly lower costs.EDN
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CHIP SETS ARE EMERGING THAT ADD WIMAX CAPABILITY TO MOBILE PC AND CELL-PHONE 
APPLICATIONS, WHILE LAB AND PRODUCTION-TEST EQUIPMENT EVOLVES TO KEEP PACE.
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W I  M  A  X
FABRIC

W
iMax (worldwide inter-
operability for microwave
access) stands poised to
extend coverage in PC
networking and mobile-
phone communications

as semiconductor makers roll out WiMax
chip sets and as test-equipment vendors of-
fer the lab instrumentation and production
ATE (automatic-test-equipment) systems
necessary to test the chip sets and the prod-
ucts they populate. WiMax shows promise
as a technology for PC networking as well
as a potential cellular technology (see side-
bar “WiMax markets and opportunities”).
Paul Argent of Aeroflex expects WiMax to
initially bring broadband-wireless access to
laptops despite suggestions from WiMax Fo-
rum members that WiMax is a technology
for multiple applications, including cellular
telephony. Over the next two years, Argent
says, WiMax will primarily provide high-
speed data access to PCs in coffee shops as
well as in moving vehicles.

Jennifer Stark, Agilent’s WiMax busi-
ness-team leader, cautions that you should
not consider WiMax as a replacement for
other broadband-wireless-access technolo-
gies. She segments wireless technologies by
range—with personal-area networks, such as
UWB (ultrawideband) and Bluetooth, op-
erating at 10m or less; WLANs (wireless lo-
cal-area networks) operating at 100m or less;

and WiMax operating at three to 10 miles
or more. As for WiMax’s competing with
WLANs, she expects them rather to com-
plement each other, with appliances making
the most effective connection based on con-
ditions of the moment. For instance, WiMax
will be the choice if you’re on a train going
50 mph, she says; if you later find yourself in
a stationary situation, WLAN might be the
best choice.

WIMAX-CHIP TEST
To test WiMax chips in production vol-

umes, ATE makers are adapting their RF-ca-
pable systems to handle WiMax-test require-
ments, and makers of bench- and rack-mount
test equipment are tailoring their instrumen-
tation to handle a potential onslaught of
components, modules, and WiMax-compat-
ible appliances. These vendors are also ad-
dressing the test needs of service providers
that will install and maintain the WiMax in-
frastructure. Adam Smith, a business-devel-
opment engineer at Verigy, says that WiMax
test represents an evolutionary step from
WLAN test, with WiMax imposing stricter
requirements as designers try to cram ever
more features into a tighter space. “From a
test-equipment point of view,” he says, “your
equipment needs to have very good noise
performance; it needs to be very sensitive.”
Agilent’s Stark adds that WiMax’s underly-
ing OFDM (orthogonal-frequency-division-
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multiplexing) scheme results in high
peak-to-average power levels, putting a
premium on highly accurate power-am-
plifier measurements.

Testing of WiMax silicon presents an
instructive bundle of issues to chip de-
signers and test engineers. On one hand,
if WiMax is to reach wide acceptance,
test costs—including the cost of silicon
overhead to support testing—must be as
small as possible. Ultimately, says Smith,
someone will want to fit WiMax capabil-
ity within a $99 mobile device. On the
other hand, a number of factors militate
against a fast, comprehensive test pro-
cedure. The WiMax standard is still not
mature. Adjustments are by now small,
but they still happen. More important,
the standards reach only far enough to
attempt to ensure interoperability at the
system level. They make no demands on
the implementation approach or on the
signals passing between functional blocks
in the implementation. Even more trou-
bling, you may find that you don’t have
access to signals between functional
blocks. Ken Harvey, senior product tech-
nologist at Teradyne, points out that,
as WiMax chips become increasing-
ly integrated, you’ll find you might not
have direct access to I (in-phase) and Q
(quadrature) signals. “You’ll go straight
from RF to bits,” he says.

Lacking standards against which to
test the signal between the RF mixer
and the ADC, and—potentially—ac-
cess to that signal, you’ll have to rely on

system-level requirements, such as the
EVM (error-vector magnitude) of the
resolved signal and bit-error rate of the
data stream. Agilent’s Stark elaborates
on this point. She divides the WiMax
market into four segments: chips and
components; modules, for which chip
makers’ reference designs sometimes
substitute; appliances; and service pro-
viders. She concurs that EVM is a sys-
tem-level spec that requires measure-
ment at the appliance level but cautions
that designers must be aware of compo-
nent and module EVM of a power am-
plifier, for example, so that they can stay
within an overall EVM budget. Ulti-

mately, she says, test will play a key role
as vendors try to differentiate their com-
ponents in features, RF performance,
and power consumption as they strive
to fit WiMax capability within the tight
constraints of appliances. Stark points
out that WiMax-appliance vendors for-
tunately won’t create brand-new devic-
es that you’ve never seen before. The
use case for WiMax, she says, is to add
WiMax to currently available devices,
such as laptops, PDAs (personal digital
assistants), and cell phones.

But just how a system, no matter how
familiar, reaches adequate system-level
performance standards varies depending
on the baseband software, system design,
and intended operating environment of
that system. So, there is no straightfor-
ward translation between WiMax’s sys-
tem-performance specifications and
testable behaviors on WiMax silicon.

The testing problem is easier in some
functional blocks than others, however.
The digital baseband, for instance, from
a testing point of view, is just another
fast signal processor. According to an
Intel engineering spokesman, “WiMax
silicon is not very different from any
other SOC [system-on-chip] testing we
perform at Intel. The part goes through
Intel’s strict product-reliability and
qualification guidelines that include wa-
fer testing, ESD [electrostatic-discharge]
stressing, burn-in, and analog/mixed-
signal testing across a broad range of
temperature, environmental, and pow-
er-supply variability conditions. WiMax
silicon can use the same DFT (design-
for-test) techniques and hardware struc-
tures that are common in SOC design,
such as at-speed scan, ATPG [automatic
test-pattern generation], and logic and
memory BIST [built-in self-test]. The
process also includes package qualifica-
tion, and silicon performance testing on
multiple skew lots, as well as normal sili-
con lots.”

Baseband silicon is a specialized, but
still programmable, signal processor. It is
either working correctly, or it isn’t. De-
signers must adjust the software to the
application, and that challenge is not a
testing problem.

ANALOG SPACE
If you talk to a vendor of RF silicon,

you get a different view. In the digital
world, chip variations don’t alter the

The Agilent E6651A WiMax test set supports protocol-conformance test as well as
base-station emulation and RF-parametric measurements.
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AT A  G LAN CE
WLANs (wireless local-area

networks) and WiMax (worldwide
interoperability for microwave
access) should complement, rather
than compete with, each other.

ATE (automatic-test-equipment)
makers are adapting their RF-capa-
ble systems to handle WiMax-test
requirements, and makers of bench-
and rack-mount test equipment are
tailoring their instruments for an
onslaught of components, modules,
and WiMax-compatible appliances.

WiMax standards reach only
far enough to attempt to ensure
interoperability at the system level.

Designers must be aware of
component and module EVM (error-
vector magnitude) so that they can
stay within an overall EVM budget.

High-performance ATE lets you
characterize silicon on the ATE
itself, smoothing the transition to
high-volume production test.
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performance of a device until they be-
come so severe as to break the circuit. In
the RF and analog domains, variations
in the chip are variations in the chip’s
performance. As one old chestnut has
it, you test digital circuits, but you char-
acterize analog ones. This distinction
changes the approach test engineers
must take to an emerging technology
such as WiMax.

“WiMax is all over the place right
now,” says Tom Gratzek, business di-
rector for the WiMax silicon program
at Analog Devices. “There are differ-
ent frequency bands, different band-
width requirements, different baseband
filtering schemes; everyone has an ap-
proach.” The company offers WiMax
front-end silicon, which includes the RF
stages, mixers, ADCs, DACs, and some
digital filtering. Gratzek says that Ana-
log Devices tests the digital portions of
the chips in the same way as it does any
other digital circuitry: with scan-based
BIST. After that, things get more com-
plex, however.

“We have to examine the analog sig-
nal chain for defects,” Gratzek says.
“That by itself requires hundreds of mil-
liseconds of test time. After that, the
only approach we have found to predict
how the chip will work in the custom-
er’s system is to stimulate the silicon at
speed.” This testing is not, Gratzek ex-
plains, a full characterization. Rather,
the test program is an artful compromise
that the company bases on the full char-
acterization of skew lots in the engineer-
ing lab, on the ability of test engineers
to elegantly check many degrees of free-
dom with a few tests, and on continu-
ous feedback from the company’s ap-
plications engineers who work on cus-
tomers’ designs. Analog Devices drives
the receiver with 2-, 3-, and 4.9- to 5.9-
GHz-band test signals and drives the
transmitter with corresponding digital
vectors. “We sweep three frequencies in
each band,” Gratzek says. “Unfortunate-
ly, that [approach] forces us onto main-
frame RF testers, and it adds seconds of
test time.”

This approach is not unique. Infineon
engineers report that they also generally
stimulate their WiMax silicon at speed.
They use a standard 64-QAM (64-state-
quadrature-amplitude modulation) Rate
2/3 of a 3.5-MHz-bandwidth signal at 4
MHz as a starting point. But Infineon is

seeing increasing pressure for customers
with video-over-broadband applications
to expand the bandwidth to 10 or even
20 MHz, causing changes from the sil-
icon on up through the testing program.

Even moving to mainframe RF ATE
isn’t the whole solution, though. Gratzek
says that Analog Devices has augment-
ed its testers’ already-formidable hard-
ware with some custom spectral-analy-
sis gear. That equipment also integrates
some proprietary design features in the
silicon and the device-under-test card
to increase coverage and reduce test
time. This allows the test team to sweep
frequencies for an end-to-end test on
the receiver side, for instance, driving
the antenna inputs to the LNA (low-
noise amplifier) and analyzing the out-
put stream from the ADC for EVM and
noise figures.

These top-line numbers give the com-
pany a go/no-go indication and more on

each die. For instance, the engineers
can infer the SNR (signal-to-noise ra-
tio) and linearity of the ADC from the
end-to-end test. But the test team can
extract even more detailed information
as well, due to the high degree of digi-
tal configurability of the RF design. “We
can manually control the automatic-
gain-control loop, and we do so during
test,” Gratzek says. “We can also disem-
bed the digital filters on the output of
the chain to examine the raw digital da-
ta. And we can force the analog filters to
specific characteristics, step through the
gain settings on the LNA, and so forth.”
This approach allows the test team to
move, if necessary, from the end-to-end
test to an almost diagnostic level of ex-
amination while still on the production-
test head.

This flexibility comes in handy. “We
are delivering WiMax chips to all sorts
of customers’ evaluation boards, and

WIMAX MARKETS AND OPPORTUNITIES
Embedded mobile WiMax in mobile
PCs will drive the emerging WiMax
chip set market through 2012, says
In-Stat (Reference A). “The market-
research company predicts that In-
tel’s combination Mobile WiMax (in-
teroperability for microwave access)
and Wi-Fi Echo Peak module, which
will launch as an option to the com-
pany’s Montevina mobile proces-
sor platform in 2008, will drive the
adoption of embedded WiMax into
mobile PCs. WiMax CPE (custom-
er-premises equipment), external
clients, and dual-mode cellular/
WiMax handsets will also help drive
WiMax-chip-set volumes through
2012, the company reports.

“The total WiMax user terminal-
chip-set market will reach almost
$500 million in 2012, growing from
$27 million in 2007,” says Gemma
Tedesco, In-Stat analyst, in a press
release. “Furthermore, WiMax base-
station-semiconductor revenues are
expected to be approximately $1.4
billion in 2012, compared to $130
million in 2007.”

In a separate report, In-Stat says
that, from a mobile operator’s per-
spective, mobile WiMax provides

more of a service complement than
a competitive threat (Reference B).
The company notes that the mobile
standard for WiMax has been the
subject of debate since its incep-
tion, with debaters falling into two
camps.

“One camp led by select equip-
ment vendors with no stake in
WiMax has taken an either/or
approach to discussing mobile
WiMax,” says Daryl Schoolar, In-
Stat analyst, in a press release.
“Any gain by WiMax comes at the
expense of other 3G data technolo-
gies. In the other camp, infrastruc-
ture vendors, such as Alcatel-Lu-
cent, Motorola, and Nokia Siemens,
see a world where multiple mobile
wireless-broadband technologies
will coexist. In-Stat believes that
this camp’s view will prevail.”

R E FE R E N CE S
 “WiMax Chipset Market 2006-

2012: Faith in Mobile WiMax Drives
Expected Volume Growth,” In-Stat,
www.instat.com.

“Complement or Threat—WiMax
Strategies for Mobile Operators,”
In-Stat, www.instat.com.
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they use the silicon in many ways,”
Gratzek says. “Our applications en-
gineers feed use data back to the test
team, and we try to adjust the tests to
anticipate the sensitivities of a … cus-
tomer application. For instance, many
customers change the filter settings to
get the EVM they want on a … board
and antenna configuration. We try to
adapt to that [configuration].” This ap-
proach means that the application-sup-
port team reserves time on the test floor
for development purposes.

Commercial-test companies are work-
ing to streamline WiMax test. ATE ven-
dors including Advantest, Teradyne,
and Verigy are tailoring their systems to
test WiMax devices in multisite config-
urations. Verigy’s Smith says nothing is
magical about WiMax. UWB is dealing
with new spectra, but WiMax aims to
make more efficient use of the allocat-
ed spectrum, he says. WiMax test is well
within the capabilities of his company’s
Port Scale RF instrument, which Verigy
introduced last summer for the V93000
system. Similarly, Advantest’s 12GWS-
GA RF module, which the company in-
troduced last fall for its T2000 test sys-
tem, and Teradyne’s UltraWave, which
the company introduced in March, will
handle WiMax-chip test.

Semiconductor-ATE systems have
typically focused on high throughput
without necessarily providing the per-
formance of bench-top and rack-mount
instrumentation, but the advent of
WiMax is changing that scenario, says
Teradyne’s Harvey. Measurement re-
quirements are becoming so stringent,
he says, that ATE instruments must ap-
proach bench and rack versions in mea-
surement capability. He cites an addi-
tional advantage of high-performance

ATE: It lets you characterize silicon on
the ATE itself, smoothing the transition
to high-volume production test.

Companies that provide test equip-
ment for WiMax modules and applianc-
es as well as components include An-
ritsu, Agilent Technologies, Aeroflex,
Tektronix, and Rohde & Schwarz, all
of which make general-purpose test and
measurement equipment that can per-
form tests on WiMax systems as well as
dedicated WiMax boxes and software.

Tektronix, for example, offers the
K1297-G35 WiMax protocol analyz-
er, which provides protocol simulation,
emulation, and monitoring. In addi-
tion, Tektronix offers for its real-time
spectrum analyzers the RSA-IQWiMax
software, which can help detect, diag-
nose, and resolve WiMax-design errors.
Rohde & Schwarz offers the CMU270
single-instrument production tester as
well as the TS8970 WiMax-radio-con-
formance-test system. Anritsu offers
bench-top signal-generation and analy-
sis instruments, such as the MS2690A
signal analyzer and MG3700A vector-
signal generator, as well as the handheld
MS2724B spectrum analyzer, which can
make fixed- and mobile-WiMax meas-
urements in the field.

Aeroflex offers WiMax-test equip-
ment in PXI (PCI-extensions-for-instru-
mentation) and traditional rack-and-
stack formats for testing WiMax base
stations and mobile devices “from birth
to death,” says Argent of Aeroflex. He
notes that, before vendors submit their
WiMax devices to WiMax Forum-cer-
tification labs, they would benefit from
doing their own precertification tests to
help ensure that their devices pass the
first time. When WiMax Forum labs are
charging approximately $500 per hour,

he says, customers will want to have
maximum confidence that their prod-
ucts will pass quickly.

Agilent’s offerings extend from the
EEsof division’s ADS (Advanced Design
System) design and simulation software
to WiMax-drive-test systems. Along the
way, the company offers a complement
of signal-generation and -analysis equip-
ment, which can link to ADS through
Agilent’s Connected Solutions technol-
ogy, as well as WiMax protocol analyzers
and logic analyzers for baseband devel-
opment and troubleshooting.

Test cost will be paramount—for
chips, modules, appliances, and infra-
structure installation and maintenance.
Gratzek of Analog Devices summarizes
the cost issue from a chip maker’s per-
spective: “On our GSM [global-system-
for-mobile-communication]-product
line, we were able to substantially reduce
the test cost as the market matured,” he
says. “We aren’t at that stage yet with
WiMax, but we have planned for it. We
designed our ATE strategy from the be-
ginning with an end cost point in mind
and a path to get there. We may well re-
duce the test cost by a factor of three as
the technology matures.”EDN
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Anritsu M2690A/M2691A signal analyzers operate from
50 Hz to 6 GHz and can measure the transmitting power
of mobile-WiMax devices.

The CMU270 single-instrument production tester from Rohde &
Schwarz makes signaling and nonsignaling measurements of WiMax
mobile stations and customer-premises equipment.
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I
n a conventional diode-rectified flyback converter, the out-
put diode rectifier is a substantial power-loss contributor.
The average current in the output diode is equal to the dc
output current, and the peak current can be several times
higher, depending on the duty cycle. The forward-voltage
drop of the diode is typically 0.5V for Schottky diodes and

0.8V for standard PN-junction diodes. This large forward-volt-
age drop leads to relatively high losses in the diode and a sub-
stantial reduction in efficiency.
Replacing the diode with a syn-
chronous MOSFET significantly
reduces these conduction losses.
Figure 1 illustrates how you can
convert a standard diode-rectified
flyback supply into a self-driven-
synchronous-flyback supply.

In the self-driven-synchronous
flyback, an N-channel MOSFET
replaces the output diode, and
you must add a winding to the
power transformer to generate
the synchronous-gate-drive sig-
nal. The low on-resistance of the
synchronous MOSFET yields
much less conduction loss than
the output-diode rectifier, signif-
icantly improving the efficiency
at high load currents.

There is a fundamental differ-
ence between the operation of a
diode-rectified flyback and a syn-
chronous flyback. Figure 2 shows
the key waveforms. The output
diode in the diode-rectified fly-
back prevents the transformer
secondary current from flowing
backward. At light loads, this
condition results in DCM (dis-
continuous-current-mode) oper-
ation in which the transformer’s
secondary current completely
discharges into the output at the
end of each cycle. The synchro-
nous MOSFET allows current to

continue to flow in the negative direction and forces the syn-
chronous flyback to always operate in CCM (continuous-cur-
rent mode) regardless of load current. This situation is gener-
ally beneficial in that the control loop gain does not decrease
as it does when it transitions into DCM operation, thereby
maintaining full dynamic performance, even at zero load.
The use of synchronous MOSFETs has a negative impact on
zero- or light-load efficiency, because relatively large ac cur-

BY JOHN BETTEN AND BRIAN KING •  TEXAS INSTRUMENTS

Boost efficiency for low-
cost flyback converters
MANY DEVICES EMPLOY FLYBACK CONVERTERS BECAUSE
OF THEIR SIMPLICITY AND LOW COST—NOT THEIR STELLAR
EFFICIENCY. BUT DON’T TOO QUICKLY ELIMINATE FLYBACKS
FROM YOUR LIST OF OPTIONS. WITH A FEW LITTLE-KNOWN
TRICKS, YOU CAN IMPROVE POWER LOSS BY NEARLY 10%.

Figure 2 The output diode in the diode-rectified flyback prevents the transformer secondary cur-
rent from flowing backward. At light loads, this situation results in discontinuous-current-mode
operation in which the transformer’s secondary current discharges completely into the output at
the end of each cycle (a). The synchronous MOSFET allows current to continue to flow in the
negative direction and forces the synchronous flyback to always operate in continuous-current
mode, regardless of load current (b).
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Figure 1 Replacing the output diode with an N-channel MOSFET and adding a winding to the
power transformer to generate the synchronous-gate-drive signal can convert a standard diode-
rectified flyback supply (a) into a self-driven synchronous-flyback supply (b).

(a) (b)
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rents flow with little or no net
dc-output current. Transformer
and primary-MOSFET switch-
ing losses associated with these
circulating currents are larger
than those in the diode-rectified
flyback, whose currents decrease
in amplitude at light loads.

Although the synchronous
MOSFET significantly lowers
conduction losses, it introduces
gate drive, switching, and shoot-
through losses that are not pres-
ent in the diode-rectified flyback.
Gate-drive losses result from the
capacitance of the MOSFET
gate that charges and discharges
during each switching cycle. At
the turn-on and turn-off transi-
tions of the MOSFET, switch-
ing losses occur as the drain-
to-source voltage and the drain
current exhibit overlap. Shoot-
through occurs because the pri-
mary switch must turn on before
the secondary FET can start to
turn off. This situation places
a short circuit across the trans-
former during switching and
can lead to substantial pow-
er loss. In the self-driven syn-
chronous flyback, the primary-
MOSFET turn-on commands
the synchronous-MOSFET turn-
off. Hence, it is impossible to
eliminate the shoot-through
currents when the power trans-
former directly drives the syn-
chronous MOSFET. A self-driv-
en synchronous MOSFET must
have fast-turn-off delay and fall
times to minimize shoot-through
losses. Although a properly de-
signed synchronous MOSFET
introduces additional switching
losses, the conduction losses are
typically substantially lower than
the diode-rectifier-forward-drop losses. This one benefit alone
typically outweighs all synchronous MOSFETs’ negatives.

Figure 3 shows how you can add an isolated gate-drive sig-
nal with programmable delays to the synchronous flyback to
eliminate shoot-through losses. The device achieves isola-
tion and level-shifting through a gate-drive transformer. A
PWM controller with complementary drive outputs and ad-
justable delays, such as the UCC2897, is necessary to control
the primary- and secondary-side synchronous MOSFETs. The
delays must be long enough to ensure that the synchronous

MOSFET is fully off before the primary MOSFET switches on.
Excessive delay causes body-diode conduction on one or both
of the MOSFETs and leads to excess power loss. Because the
optimal dead time depends on the primary- and secondary-
MOSFET delay, transition speed, power-transformer-leakage
inductance, and gate-drive circuit, a controller with adjust-
able delay is critical to minimizing losses.

Figure 4 illustrates how to further improve the efficiency
and take advantage of the synchronous-MOSFET-gate-drive
signal to control an active primary snubber. This configuration
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Figure 3 Adding an isolated gate-drive signal with programmable delays to the synchronous fly-
back (a) can eliminate shoot-through losses (b).
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Figure 4 In the active-clamp flyback (a), the clamp capacitor captures the leakage energy, and the
system recirculates it to the load and back to the input, resulting in a virtually lossless snubber (b).
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is often called an active-clamp
flyback. In the previous figures,
the design employed a snubber
to reduce the voltage spike on
the drain-to-source voltage of
the primary MOSFET. The spike
occurs at turn-off of the primary
MOSFET and is due to the
leakage energy in the prima-
ry winding of the transform-
er. The RCD (resistor-capaci-
tor-diode) snubber dissipates
this energy in its snubber re-
sistor. In the active-clamp fly-
back, the clamp capacitor cap-
tures the leakage energy, and
the system recirculates it to the
load and back to the input, resulting in a virtually lossless
snubber. Figure 5 shows the drain-to-source voltage wave-
forms of an RCD snubber versus an active clamp. The ac-
tive clamp eliminates the high-frequency spike. In addition
to virtually eliminating the leakage losses, the design sig-
nificantly reduces switching losses and EMI (electromag-
netic interference). In many cases, the active-clamp snub-
ber allows the use of a lower drain-to-source-voltage-rated
primary MOSFET, which can further reduce losses and pos-
sibly reduce the cost of the MOSFET.

Figure 6 shows how much each upgrade to the diode-rec-
tified flyback improves the efficiency of a real-world design.
The power supply converts a telecom 48V-dc input to a 3.3V
output with a maximum load current of 3.5A. Converting
from a diode rectifier to a self-driven-synchronous-flyback de-
vice improves the maximum load efficiency by more than 7%
but decreases the light-load efficiency below an output current
of 1A. This situation occurs because of the gate-drive, switch-
ing, and shoot-through losses that the synchronous MOSFET

50  EDN |  APRIL 3, 2008

Figure 5 The drain-to-source-voltage waveforms of a programmable dead-time synchronous
flyback circuit employ an RCD snubber (a) and an active clamp (b). The active clamp eliminates
the high-frequency spike. In addition to virtually eliminating the leakage losses, this approach
significantly reduces switching losses and EMI.

Figure 6 Using a power supply that converts a telecom 48V-dc
input to a 3.3V output with a maximum load current of 3.5A as
an example, each upgrade to the diode-rectified flyback improves
the efficiency on a real-world design.

Figure 7 Introducing a programmable dead-time delay increases
the light-load efficiency significantly by eliminating the shoot-
through losses. The full-load efficiency remains nearly identi-
cal, because other circuit losses dominate the synchronous
MOSFET losses. Implementing the active clamp increases the
efficiency of the 3.3V supply across all loading conditions.

Figure 8 The delay resistor determines the dead time. In some
situations, you may have to choose between maximizing effi-
ciency at light loads or maximum load by selecting the appropri-
ate delay-resistance value.

(a) (b)
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introduces. These losses become a larger percentage of the to-
tal losses at light loads and consequently decrease light-load
efficiency (Figure 7). Introducing a programmable dead-time
delay significantly boosts the light-load efficiency by elimi-
nating the shoot-through losses. The full load efficiency re-
mains nearly identical, because other circuit losses dominate
the synchronous-MOSFET losses. Finally, implementing the

active clamp increases the efficiency
of the 3.3V supply across all loading
conditions.

Figure 8 shows two delay settings
in the active-clamp circuit and how
they affect the efficiency at differ-
ent loading conditions. A longer
delay, which you program on the
UCC2897 by using a larger value for

a delay resistor significantly improves the light-load efficien-
cy by decreasing the shoot-through losses at light load. But
this longer delay also increases the synchronous MOSFET’s
body-diode conduction time and, at full load, reduces the ef-
ficiency by about 1%. The full-load synchronous-MOSFET
body-diode-conduction losses dominate the shoot-through
losses when using a lower delay resistance. In some situa-
tions, you may have to choose between maximizing efficiency
at light loads or maximum load by selecting the appropriate
delay-resistance value. Figure 9 shows the active-clamp-fly-

back-power supply implementing all of the efficiency-im-
proving techniques. This configuration yields nearly a 10%
efficiency improvement at maximum load and has nearly the
same light-load-efficiency performance as the original diode-
rectified design.EDN

R E FE R E N CE S
 Betten, John and Brian King, “Benefits of adding an active

clamp to a synchronous flyback power supply,” EDN, Dec 14,
2006, www.edn.com/article/CA6399933.

“UCC2897, Current Mode Active Clamp PWM Controller,”
Texas Instruments, www.ti.com/sc/device/ucc2897.
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Figure 9 The active-clamp flyback power supply implements all of the efficiency-improving techniques, yields a nearly 10% efficiency
improvement at maximum load, and has nearly the same light-load efficiency performance as the original diode-rectified design.
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 T
oday’s SOC (system-on-chip) designs have dozens
of clocks, many of which are asynchronous. This
design approach facilitates the convergence of dig-
ital-audio, video, wireless, and networking applica-
tions in a single chip. CDCs (clock-domain cross-
ings) can cause difficult-to-detect functional fail-

ures in SOCs involving multiple asynchronous clocks. Simula-
tion and static-timing analysis often do not detect issues such
as metastability and the coherency of correlated signals’ CDCs;
as a result, these issues often end up as bugs in silicon. Unfortu-
nately, most relevant literature does not adequately cover some
of these critical CDC issues, and designers learn about them
only after making costly mistakes. Two of the most common
and critical issues involving CDCs are improper sequencing of
data/enable in enable-based synchronization and data coher-
ency due to the convergence of signals.

ENABLE-BASED SYNCHRONIZATION
A receiver flip-flop output can become metastable if it vio-

lates the data/reset setup-and-hold times. This scenario can
arise when the transmitter—the source of data—and the re-
ceiver flip-flop are in asynchronous-clock domains. To avoid
such issues, designers use synchronizers that isolate metasta-
bility and deliver a clean signal to the downstream logic. A

synchronizer can be a simple double flip-flop. Designers com-
monly use this technique for a control signal’s CDCs. In a data
transfer across clock domains, the data is first set up; then, a
control signal that synchronizes with the destination domain
travels to the destination to enable data capture. Although
this data-transfer technique across clock domains is a common
and proven technique, it involves pitfalls that require special
attention. This technique relies on data to be stable when you
assert an enable (Figure 1).

Having too low a margin between the data you are set-
ting up and the enable you are asserting may corrupt the data
transfer. A good way to prevent such problems is to design a
full handshake when you set up the data. In this approach, you
assert and synchronize the request in the destination domain
and adequately assert an acknowledge to let the next data load
occur. This approach might add a few cycles of latency, but it
avoids functional failures.

Glitches are other sources of worry across clock domains.
Typically, any combinational logic may be subject to short-
lived glitches. These issues are generally harmless because
they resolve themselves when you activate the next clock
edge. Although these issues are not problematic for synchro-
nous transfers, a glitch may occur with asynchronous cross-
ings if you activate a destination clock. The design may there-
fore receive a glitch as a pulse, causing a functional failure.
For this reason, it is important to avoid using any combi-
national logic that may cause glitches on a CDC path. You

BY SHAKER SARWARY AND SAURABH VERMA • ATRENTA INC

Critical clock-domain-
crossing bugs
AWARENESS OF CDC ISSUES, ALONG WITH THE USE
OF GOOD DESIGN PRACTICES AND PROVEN EDA TOOLS
FOR CDC VERIFICATION, CAN AVOID COSTLY SILICON
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Figure 1 In a data transfer across clock domains, the data must be stable
when enable is asserted. Too short of a margin between data setup and
enable assertion can result in data corruption.
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Figure 2 A good design practice is to avoid using any
logic, except the recirculation-multiplexer logic, which is
part of the enable flip-flop, on the datapath CDCs.
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should perform any computation either before crossing clock
domains or after the destination domain captures the signals.

Glitches may affect both control and data CDCs. In a data
transfer, a glitch may affect the enable line or the data line;
both present risks affecting safe data transfer. You must syn-
chronize the enable logic in the destination domain and avoid
using combinational logic after synchronization. Glitches on
the datapath may be harmful, too. A good design practice is to
avoid using any logic, except the recirculation-multiplexer log-
ic, which is part of the enable flip-flop, on the datapath CDCs
(Figure 2).

Although this data-synchronization scheme is the most
common, many variations of enabled-data crossing involve an
enable signal with combinational logic. Occasionally, design-

ers use an enabled AND instead of a multiplexer or combine
the multiplexer with other combinational logic on the data-
path. They rely on the enable signal to ensure that data syn-
chronously transfers to the destination and that glitches do
not occur. As designers become more creative and use extra
logic in enabled-data crossings, they expose their designs to
glitch risks that are difficult to detect. To comprehend these
risks, consider a simple example of a glitch-free multiplexer;
you can implement this multiplexer so that it can create a
glitch. Downstream tools, such as synthesis, optimization, and
technology mapping, can transform the circuit and introduce
logic that can cause a glitch and thus cause a functional fail-
ure. You can map a simple, glitch-free multiplexer with AND
and OR gates that can create glitches (Figure 3).
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Figure 3 You can map a simple, glitch-free
multiplexer (a) with AND and OR gates
that can create glitches (b).
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Figure 4 Any glitch in the Gray encoder may cause a functional failure in the design.
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Although this transformation may
seem unlikely with a stand-alone mul-
tiplexer, it may well occur if you intro-
duce more logic on the datapath. Syn-
thesis and optimization tools may iden-
tify opportunities to increase timing
performance, reduce area, or decrease
power consumption by combining mul-
tiplexer logic with other logic on the
path; however, these tools may also
create a final implementation prone to
glitches. To avoid such problems, you
should control the use of these tools to
avoid such transformations. Unfortu-
nately, designers often fail to consider these details when cre-
ating and implementing a design. Furthermore, a glitch is not
an easily predictable event; simulation or static-timing veri-
fication cannot detect a glitch on an asynchronous crossing.
Once the symptom appears in silicon, it is difficult to perform
a root-cause analysis. It takes significant effort and time to
link silicon failures to a glitch on a CDC. Static-CDC analysis
is better for systematically catching and reporting such issues
and avoiding costly silicon re-spins.

DATA COHERENCY
Another critical issue involving asynchronous clocks is the

coherency problem due to convergence of independently syn-
chronized signals. CDCs introduce latency and cycle-level un-

certainty, even with synchronized cross-
ings. Although synchronizers isolate
metastability and ensure that a “clean”
signal travels to downstream logic, they
cannot prevent latency. Coherency
problems occur when two correlated,
separately synchronized signals cross
clock domains; each synchronizer intro-
duces a different latency factor due to
the CDC. If one of the signals captures
a transition, metastability settles to the
correct value in the first cycle, where-
as the other signal captures a transition
in the next cycle. That is, metastabil-

ity settles to an incorrect value, and you must wait for the next
clock cycle to capture the transition. Then, you will observe an
incorrect set of values at the destination for at least one cycle.
If the signals represent a state variable, then you will observe an
unknown or unwanted state at the destination. This unknown
state causes a functional failure in the design.

This problem is one of the most common in CDC, and it is
becoming more important as designs become larger. Design re-
use and IP (intellectual-property) integration may create con-
vergences of which designers may be unaware. To avoid coher-
ency problems—assuming that you know the convergences—
you should use correlated signals so that they change values
at different times. You must use Gray encoding to correlate
signals that are CDCs. This scenario occurs when FIFO point-
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BAD GRAY CODE
IF COUNT

GOES TO FIVE

GOOD GRAY CODE
IF COUNT

GOES TO SEVEN

BINARY
COUNT

GRAY
COUNT

0000 000
0011 001
0102 011
0113 010
1004 110
1015 111
1106 101
1117 100

Figure 5 A Gray encoder targeting counting
from zero to seven for a full 3-bit counter will
fail when the pointer moves from five to zero.
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3000:1 PWM

3000:1 PWM

Dimming
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1.6 to 18

2.7 to 24

4 to 36

4 to 36 (40 Max.)

2.8 to 16
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2.8 to 36 (40 Max.)
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3 to 30 (40 Max.)

3 to 30 (40 Max.)

4.5 to 55
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9/25
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40
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4mm x 4mm QFN-20,
TSSOP-20E

TSSOP-16E

3mm x 5mm DFN-16

4mm x 5mm QFN-28

4mm x 4mm QFN-16

2mm x 2mm DFN-6, SC-70

5mm x 9mm QFN-56

3mm x 3mm QFN-16,
MSOP-16E

4mm x 5mm DFN-16,
TSSOP-16E

*Actual output current will depend on VIN, VOUT and topology.
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ers cross clock domains to compute empty and full
flags. You Gray-encode the binary counters, trans-
fer to the other domain, and then convert the
counters back to binary before using them. Occa-
sionally, designers access pointers in a FIFO block
to do empty/almost-empty or full/almost-full flag
calculations. This practice may create CDCs, con-
vergences, or both that a designer may overlook.
Adopting standard practices prevents the intro-
duction of CDC bugs into the design.

Gray-encoding circuitry seems simple; however, errors can
easily slip into a design. You must Gray-encode and register
the signals before crossing clock domains. Sending Gray-en-
coded signals directly to the destination domain defies the
purpose. Furthermore, any glitch in the Gray encoder may
cause a functional failure in the design (Figure 4).

Another subtle issue is mismatch between Gray-encoding
assumptions and the binary-counter range. Designs some-
times fail when a designer expects a Gray counter targeting
the full range of a 4-bit counter to count to lower counts and
loop back to zero. For example, a designer can build the write
pointer of a six-layer-deep FIFO to count from zero to five and
loop back to address zero. A Gray encoder targeting counting
from zero to seven for a full 3-bit counter will fail when the
pointer moves from five to zero (Figure 5).

Designing a Gray encoder may give a false sense of secu-
rity if you fail to account for these details. Both junior and
experienced designers may face such issues. There are a large

number of corner-case problems in CDC, and it
is difficult for any designer to pay attention to all
the details, especially when under tight schedule
pressure. The best way to catch these issues is to
approach them with a systematic methodology
that has concise metrics. Static-CDC verification
has recently emerged as an accepted approach to
achieve this goal. This approach targets metasta-
bility, convergence, and other CDC issues that

traditional verification tools, such as simulation and static-
timing verification, do not cover. Static-CDC verification suc-
cessfully targets corner cases that designers may overlook. Fur-
thermore, it provides a systematic-verification approach that
can fit into any design flow as part of the verification-sign-off
tool suite.EDN
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One of the most important
specifications of an op amp is its

input-offset voltage. You can null out
this voltage on many op amps, but the
problem with determining the input-
offset voltage is that the offset voltage
varies with temperature, flicker noise,
and long-term drift. Chopping and au-
tozeroing techniques have been around
for several years, reducing achievable
input offset to microvolts or less. The
accuracy is so good that other minus-
cule effects, such as copper-solder ther-
mocouple junctions, dominate the er-
rors, until, with some effort, you can
overcome them, as well. This Design
Idea introduces a new type of chop-
ping. “Chopping the noise gain” is a
simple way to measure the offset volt-
age in real time, so that you can sub-
tract it and enhance dc precision.

Figure 1 shows an LTC6240HV op

amp in an inverting gain-of-10 config-
uration, along with several of its per-
tinent specifications. All of the input
offset arrives at the output with a gain
of 11 (called the “noise gain”) as an
output error. Any downstream circuitry
or observer looking at the output volt-
age cannot distinguish the output error
from the desired output signal.

Figure 2 shows the chop-the-noise-
gain method. S1 switches the addition-
al shunt resistor, R3, in and out, chang-
ing the noise gain without affecting the
signal gain or bandwidth. There would
normally be some degradation of band-
width, but C1 dominates the band-
width limitation whether the switch
is open or closed. Now, you impose a
small square wave on the output with
an amplitude that is equal to the pres-
ent dc errors. You can demodulate out
the error as with a conventional chop-

per, or you can subtract it in software in
a modern ADC-based system.

The circuit in Figure 2 is much like
a simple summing amplifier, with one
input both connected and disconnect-
ed. It is, in that sense, much like a true
chopper amplifier. But, in this case,
the input voltage being chopped is the
amplifier offset, rather than the input
signal. Why disconnect your input sig-
nal if you don’t have to? Also, there is
no need for continuous chopping; you
need apply it only when you require an
offset measurement.

Note that, although this Design Idea
shows the inverting case for ease of
understanding, the noninverting case
is also practicable with a good analog
switch for S1. Also, as with any sam-
pled system, frequencies at or greater
than the clock rate alias into baseband,
and you should therefore filter them
out before the chopping. Finally, this
method does not correct for bias- or
leakage-current-induced errors.

Switch S1 opens and closes, increas-
ing the noise gain and imposing the
input errors onto the output with al-
ternating noise gains of 11 and 22. The
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AND FRAN GRANVILLE

designideas
Chop the noise gain to measure
an op amp’s real-time offset voltage

Figure 1 An op amp has a conventional gain of �10. The noise gain is 11, so
all of the input errors appear at the output with a gain of 11. You cannot distin-
guish the signal from noise just by looking at the output.
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LTC6240HV
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R2
1k

R1
10k

C1
0.01 �F

VOUT=�10�VIN+11 OFFSETS.

SIGNAL GAIN IS �10.
NOISE GAIN IS 11.

INPUT OFFSET VOLTAGE: 50 �V TYPICAL, 125 �V MAXIMUM
ACTUAL VALUE VARIES WITH TEMPERATURE (dV/dT=2.5
�V/�C MAXIMUM) AND NOISE 1/f=50 nV/�Hz AT 1 Hz

�
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Many flash ADCs, such as Na-
tional Semiconductor’s (www.

national.com) ADC1175, have a rec-
ommended operating input-voltage
range of 0.6 to 2.6V (Reference 1).

However, in some applications, you
must convert a symmetrical analog-
input signal. The circuit in this Design
Idea converts a symmetrical input-
voltage range of �0.2 to �0.2V into

the recommended 0.6 to 2.6V range
(Figure 1).The circuit also prevents
the output voltage from going below
–0.3V, which would probably damage
the ADC.

The circuit uses an Analog Devices
(www.analog.com) AD8002 dual-cur-
rent-feedback operational amplifier to
obtain a high bandwidth (Reference
2). The first block, noninverting am-

designideas

resultant square wave now represents
an easily measurable “11 errors,” which
you can then subtract from the output.
This technique is similar to that of
conventional chopper amplifiers, ex-
cept that, in this case, you are chop-
ping the error rather than the signal.

Figure 3 shows the oscillogram of
the output of the circuit of Figure 2,
with an input voltage of 0V (ground-
ed). The top trace is “S,” the control
signal applied to S1 at 750 Hz. The bot-
tom trace is the output error alternat-
ing between 1 and 2 mV, indicating 90
�V of op-amp offset. The output “sees”
the effect of doubling the noise gain of
the output offset. The difference be-
tween the two noise gains is 11, and
this difference dictates the amplitude
of the square wave that S1 causes, inde-
pendently of the input voltage.

Figure 4 is similar to Figure 3, but
zoomed out and with a 2-mV-p-p slow-
moving sine wave signal at the input

voltage—that is, 20-mV-p-p output.
The 1-mV square wave of Figure 3
is superimposed upon the slow-mov-
ing output signal and still contains the

real-time dc-error information. Just by
looking at the output, you can discern
that the true value of the signal is 1
mV below the measured value.EDN

Simple analog circuit provides voltage
clipping and dc shifting for flash ADC
Alfredo del Rio, University of Vigo, Spain

�

Figure 2 S1 switches the additional shunt resistor, R3, in and out, changing the
noise gain without affecting the signal gain or bandwidth.

�

�

LTC6240HV

VIN

R2
1k

R3
909

R1
10k

C1
0.01 �F

S1

VOUT=�10�VIN+

SIGNAL GAIN IS �10, AS BEFORE.
NOISE GAIN IS 11 OR 22, DEPENDING
ON SWITCH.

5V

5V

�5V

A

B
S

OPEN

CLOSED

11 OFFSETS S1 OPEN
22 OFFSETS S1 CLOSED

NC7SZ04

S

2k POTENTIOMETER

33 pF

B

A

2N7002

SWITCH S1: MOSFET WITH ADJUSTABLE
CHARGE-INJECTION CANCELLATION.

Figure 4 The oscillogram is similar to that in Figure 3, but
with a 2-mV-p-p slow-moving sine wave signal applied at
the input voltage.

Figure 3 This oscillogram shows the output of the cir-
cuit in Figure 2, with an input voltage of 0V (grounded).
The top trace is “S,” the control signal applied to S1 at
750 Hz. The bottom trace is the output error alternating
between 1 and 2 mV.
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Continuous-wave laser diodes
in precision-instrument ap-

plications require constant-current
sources to drive them. Proper design
of such a driver must involve careful
tackling of robustness, stability, noise,
and other issues and is consequently
costly and complicated (Reference 1).
Figure 1 shows a compact, cathode-
grounded laser-diode driver with pro-
tection against ESD (electrostatic-dis-
charge) damage, start-up spikes, over-
shoot, and possible fluctuation arising
from external optical feedback. An op
amp, IC4, with an enable input drives
PMOS FET Q1 and controls the out-
put current. RS sets the current to the

rated value for a 35-mW HL6738MG
laser diode from Opnext (www.opnext.
com). To prevent output from Q1 dur-
ing start-up, comparator IC5A keeps IC4
off, and a 10-k� pull up resistor keeps
Q1 off  by linking Q1’s gate to the sup-
ply of IC4 until the terminal supply, VB,
reaches the designed value, approxi-
mately 6.5V, and opens Q1 via IC4.

The key point for protection against
ESD damage and overshoot lies in the
use of Q2, a depletion-mode NMOS
FET. With power off, Q2 conducts,
shunting any harmful ESD to ground.
With power on, comparator IC5B out-
puts a negative voltage far below the
gate-to-source off-state voltage. Hence,

Q2 is off and has little effect upon the
drive current unless the operating volt-
age at the laser’s anode exceeds the
maximum rating of 2.8V in the figure.
In this case, the operating voltage trig-
gers IC5B to output high and thus turns
on Q2, shunting the drive current to
ground, as well. The circuit now in-
troduces significant hysteresis to latch
off the state of emergency. Consider-
ing the low on-resistance of Q2, this
circuit provides better protection than
the common method of relying on a
paralleled zener diode for overshoot
suppression (Reference 2).

Despite employing a split supply, this
design requires no particular supply se-
quencing. You must cut off Q2 only at
the beginning of start-up, so it would
be better to turn on the �9V exter-
nal supply before enabling the driver.
Despite the availability of substitutes
for some ICs in this design, selection

designideas

plifier IC1A has a voltage gain of five.
This block also provides high input im-
pedance and low output impedance, so
that the second block, IC1B, operates
properly. The second block does most
of the work. Starting from a basic in-
verting amplifier comprising IC1B, R4,
and R5, you obtain the clipping ef-
fect by adding R3 and D1. R3, D1, R4,
and R5 determine the clipping level.
In addition, adding the IDC current
dc-shifts the output voltage. You can
trim adjustable potentiometer resistor
P1 to obtain the desired output voltage
shift—that is, 1.6V.

If diode D1’s current is negligible,
the output voltage, VO, is �(1�R2/
R1)�(R5/(R3�R4))�VI�VCC�R5/
(R6�P1�R7)�1.6�5�VI. Given that
the diode voltage, VDIODE, is 0.6VS,
VO��(R5/R4)�VDIODE�VCC�R5/
(R6�P1�R7)�1.6�1.65��0.05V.

The clipping takes place near 0V,
protecting the ADC. Raising the clip-
ping level makes the circuit less lin-
ear in the nonclipping range. In other
words, a design trade-off exists between
clipping level and linearity. Resistor R8
limits the current through the ADC’s
input pin. Capacitor C2 is optional; it

limits the VADC/VI bandwidth. Capaci-
tor C1 helps to reduce the voltage noise
that might come from the –VCC power
supply.EDN

R E FE R E N CE S
 “ADC1175 - 8-Bit, 20MHz, 60mW

A/D Converter,” National Semicon-

ductor, www.national.com/mpf/DC/
ADC1175.html

 “AD8002 Dual 600 MHz, 50 mW
Current Feedback Amplifier,” Analog
Devices, www.analog.com/en/prod/
0%2C2877%2CAD8002%2C00.
html.

Compact laser-diode driver provides
protection for precision-instrument use
Jiaqi Shen and Xiaoshu Cai,
University of Shanghai for Science & Technology, Shanghai, China
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Figure 1 Adding R3 and D1to a conventional op-amp circuit provides clipping.
R3, D1, R4, and R5 determine the clipping level. In addition, adding the IDC cur-
rent causes dc-shifting of the output voltage.
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Drive 8Gbps/10Gbps electrical
interfaces over 10-meter cables

Optimized for backplanes and
active copper-cable assemblies

The MAX3984 cable driver is optimized for 8.25Gbps Fibre Channel and 10.3Gbps
Ethernet interconnects up to 10m with 24AWG cables.

16-TQFN

3m m x 3 mm
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USING MAX3984 DRIVER
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MAX3984

Free design help for a fully SFP-compliant
8Gbps active copper-cable assembly!

Go to: www.maxim-ic.com/SFPcable

E OUTPUT

Provides plenty of eye opening for any receiver

• Four selectable preemphasis levels
• Selectable input equalization

• Selectable 1.0VP-P or 1.2VP-P
differential output swing

Flexibility for FR4, cable applications
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The basis for this Design Idea is
a classic two-transistor current

source (Figure 1). Current through R1
depends only on the VBE (base-emit-
ter voltage) of Q2 and on the value
of R1 itself. The VBE of Q1 has no im-
pact on the output current. Typically,
this circuit finds use as a steady cur-
rent source or as a limiter. The cir-
cuit forms the amplifier for the upper,

positive half of the signal. Adding a
complementary stage for the lower,
negative half of the signal completes
the buffer (Figure 2). The emitters of
Q2 and Q3 become the input for the
circuit, and the junction of sensing
resistors R1 and R2 is the output. R3
is an input-termination resistor that
sets the output quiescent voltage. You
can replace the bias sources (current

designideas

of the proper devices may be trouble-
some. For example, you can with slight
modifications replace the Texas Instru-
ments (www.ti.com) TLC070 with a
Linear Technology (www.linear.com)
LT1637; the two devices are not pin-
compatible. However, the TLC070’s
superior ac performance, especially
higher CMRR (common-mode-rejec-
tion ratio) over a wider bandwidth per-
mits more effective protection against

fluctuations in the operating voltage
because of external optical feedback
under some desired or undesired cir-
cumstances (Reference 3).EDN

R E FE R E N CE S
Williams Jim, “Current sources for

fiber-optic lasers: a compendium of
pleasant current events,” EDN, Aug
22, 2002, pg. 69, www.edn.com/
article/CA238417.

 “DN2530: N-Channel Depletion-
Mode Vertical DMOS FETs,” Super-
tex, 2001, www.supertex.com/pdf/
datasheets/DN2530.pdf.

 “TLC070, TLC071, TLC072,
TLC073, TLC074, TLC075, TLC07xA:
family of wide-bandwidth high-output-
drive single supply operational ampli-
fiers,” Texas Instruments, September
2006, http://focus.ti.com/lit/ds/
symlink/tlc074.pdf.

Current source makes
novel Class A buffer
Horst Koelzow, Winnipeg, MB, Canada
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Figure 1 This laser-diode-drive circuit provides a constant current and protection against input overvoltages and start-up transients.
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Figure 1 This classic two-transistor
current source commonly finds use
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256-tap, SPI or I2C, single or dual,
nonvolatile digital potentiometers
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 MAX5479  

SPI Single

Dual I2CSPI

• EEPROM stores last position 
prior to power-down

• Tiny 3mm x 3mm, 8-pin TDFN

• 35ppm/°C end-to-end tempco and
5ppm/°C ratiometric tempco

• Single 2.7V to 5.25V supply

• 1μA (max) standby supply current

• Eight unique I2C addresses per product

• Dual EEPROM stores last position 
prior to power-down

• Tiny 3mm x 3mm, 16-pin TQFN

• 35ppm/°C end-to-end tempco and
5ppm/°C ratiometric tempco

• Single 2.7V to 5.25V supply

• 1μA (max) standby supply current

• Eight unique I2C addresses per product

SPI is a trademark of Motorola, Inc.
†1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are
offered in 1k increments, and some may require minimum order quantities.

InterfacePart

I2C MAX5417/MAX5418/MAX5419

No. of
Pots

1

End-to-End
Resistance (kΩ)

50/100/200
SPI MAX5422/MAX5423/MAX5424 1 50/100/200
I2C MAX5477/MAX5478/MAX5479 2 10/50/100
SPI  MAX5487/MAX5488/MAX5489 2 10/50/100

Price†
($)
1.25
1.25
1.60
1.60

Ideal choices 
for contrast 

control

The MAX54xx family of digital potentiometers adds value to any application by providing 35ppm/°C end-to-
end temperature drift and low 1μA (max) supply current. Available in a single or dual resistor configuration, the
devices offer a variety of resistance values and a choice of I2C or SPI™ interfaces. With such a versatile
configuration, the MAX54xx devices can be used as voltage-dividers or variable resistors.
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sources in the figures) with resistors.
At the quiescent, 0V-input-volt-

age operating point, both halves of
the circuit run at maximum current,
and both the input and the output
are at the same potential. When you
impress a voltage on the input, you
inject current into the Q2-Q3 emit-
ter node. From there, current can go
up into base of Q1 or down into base
of Q4. The output voltage relative to
the input voltage determines the di-
rection of the injected current. If the
input voltage is positive, it has no ef-
fect on the upper half because it is
already limiting. It can, however, re-
duce drive current in the lower half,
resulting in a reduction of lower out-
put-drive current. Reduction of lower
side output current results in a rise in
output voltage. In short, an injected
signal current “unlimits” the stage of
opposite polarity.

At first glance, the circuit appears
to have unity gain. But, because Q2
and Q3 sense the tops of R2 and R3

and not circuit output, R1 and R2 are
effectively in series with the output
load. If the load’s impedance, RLOAD,
is small, the circuit gets significant-
ly loaded down. However, as long as
the input stage does not clip, the cir-
cuit does not become distorted. The
source driving the buffer stage sets
hFE(Q1)�(R1�RLOAD)�, where hFE is
forward-current gain.

Q2 and Q3 are common-base stages.
Their purpose is to translate input volt-
age to the bias voltage that Q1 and Q4
require. This voltage-translation ac-
tion allows direct substitution of other
devices, such as MOSFETs or Darling-
ton transistors.EDN

Q2
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R1
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R3

IBIAS

IBIAS

VCC

VOUT
VIN

�VCC

Q4

X X

Figure 2 Adding another stage to
the current source allows the circuit
to function as a buffer.
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System Basis Chips
- applications with LIN connection 
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Magnetic Rotary Encoders
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- steering wheel positioning

FlexRay™ Transceivers
- next generation vehicle networks 
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Data Acquisition Products
- high precision sensing  

- battery energy management

West Coast (408) 345-1790 · East Coast (919) 676-5292
www.austriamicrosystems.com

AN INJECTED SIGNAL
CURRENT “UNLIMITS”
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OPPOSITE POLARITY.
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PowerWise® 6V to 100V Current-Mode 
Buck Controller

LM5116 Features
• Ultra-wide input range: 6V to 100V
• Programmable output from 1.215V to 80V
• Less than 10 μA Iq in sleep mode
• Frequency adjustable to 1 MHz with sync capability
• Programmable soft-start
• Drives standard or logic-level MOSFETs
• RDS(ON) or resistor current sensing
• Controlled start-up into pre-biased load
• Available in thermally enhanced TSSOP-20 packaging

Applications
Telecommunications, automotive, and industrial control

 © National Semiconductor Corporation, 2008. National Semiconductor, PowerWise, and      are registered trademarks of National Semiconductor Corporation. All rights reserved.

Typical Circuit Effi ciency

LM5116 Synchronous Controller is Energy-Effi cient and Features Emulated Current Mode (ECM) 
Control for High Step-Down Ratio
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supplychain
Demand cuts for NAND-

fl ash memory from Ap-
ple Inc (www.apple.

com) have driven down total
NAND-market estimates for
2008. Reports from iSuppli
Corp’s (www.isuppli.com) in-
dustry sources indicate that
the consumer-electronics
maker signifi cantly slashed its
2008 NAND-fl ash orders and
has informed suppliers that its
demand growth in 2008 will be
slower than that of 2007. As a
result, iSuppli reduced its out-
look for 2008 global NAND-
fl ash revenue growth to the
single-digit-percentage range.

Before Apple’s warning, iSup-
pli had predicted the company’s
NAND-fl ash purchases would
rise by 32.2% this year, helping
drive signifi cant market growth.
As proof of Apple’s consider-
able impact on the NAND mar-

ket, iSuppli points out that the
company was the world’s third-
largest OEM buyer of NAND-
fl ash memory in 2007, with pur-
chases of $1.2 billion—13.1%
of the global market.

The current economic situ-
ation, bearing the infl uence of
the credit crunch and mortgage
crisis, has weakened consumer
spending. Sales to consumers
drive NAND, which fi nds wide
use in consumer-electronics
applications, including flash-
storage cards, MP3 players,
and USB-fl ash drives.

The research company
notes that slower NAND de-

mand will have a major impact
on suppliers’ fi nancial results.
Indeed, capital spending on
NAND production should in-
crease by more than 20% this
year. Such an increase would
guarantee supply of parts
and encourage average sell-
ing prices to decrease. ISup-
pli believes that NAND prices
now are below suppliers’ fully
loaded costs.

“In light of these factors,
NAND suppliers are likely to go
into the red in the fi rst quarter
and are not likely to recover in
the second,” says Nam Hyung
Kim (photo), director and chief
analyst for memory at iSuppli.
As 2008 shapes up to be a
poor year for NAND, suppliers
are likely to look back with nos-
talgia at 2007, when NAND rev-
enue grew by 12.5% to reach
$13.9 billion, iSuppli says.

The US EPA (Environmental Protection Agen-
cy, www.epa.gov) has released the fi rst draft of
its voluntary Energy Star (www.energystar.gov)
power-effi ciency specifi cations for computer
servers. In doing so, the government agency
has established its defi nitions of eligible server-
product categories and laid the groundwork for
later establishment of power-supply effi ciency,
power- and temperature-measurement, and
power-management and -virtualization require-
ments that server manufacturers must meet to
qualify their products as Energy Star-rated.

Load points of 10, 20, 50, and 100% are
among the few technical points the draft estab-
lishes. The draft has so far declared a power
factor only for the 100% load, at which the
power factor will be 0.9. Although the EPA con-

siders this power factor reasonable, the agency
is reviewing whether the level will prove more
challenging at lower loading points and will
determine over the next few months whether
the 10, 20, and 50% loads will need separate
power-factor requirements.

The EPA is following its standard “tier” step-
ping process and will fi rst introduce a Tier
1 set of Energy Star power effi ciencies for
servers and later increase requirements. The
agency plans to work with industry groups
over the next several months to test server
supplies and create a real-world data set to
develop consistent test procedures and ef-
fi ciency levels. You can fi nd the draft at www.
energystar.gov/index.cfm?c=new_specs.
enterprise_servers.

Apple sneezes, flash industry gets sick

EDITED BY SUZANNE DEFFREE

EPA RELEASES ENERGY STAR GUIDELINES FOR SERVERS

LINKING DESIGN AND RESOURCES

G R E E N  U P D AT E

SUNNIER
PROSPECTS
FOR POLYSILICON
Frost & Sullivan (www.frost.
com) expects the severe
shortages and allocations of
polysilicon, a key component
of most solar panels, to
turn around in 2008. The
market-research company
believes that polysilicon
supply should catch up with
the demand, offering sun-
nier prospects for the solar-
energy industry. The majority
of the new polysilicon quan-
tities will come from four top
suppliers that are expanding
their production capacities.
The big four—Hemlock
Semiconductor, Renewable
Energy Corp, Wacker, and
Tokuyama—should add more
than 17,000 tons of capacity
in 2008, representing more
than a 50% increase over
their current capacities.

Frost expects demand
from the semiconductor
industry to grow at steady
single-digit rates and
demand for solar-grade
polysilicon to reach more
than 50% of the total
demand for high-purity
silicon in 2008/2009. Frost
also reports that, in 2005,
the global solar-photovol-
taic market saw earned
revenues of $6.49 billion.
The company expects that
fi gure to reach more than
$16 billion in 2012, basing
that prediction on a “huge
demand” for polysilicon.
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MOSBD devices integrate MOSFET,
Schottky diodes

The TPCA8A02-H and TPCA8A03-H MOSBD (MOSFET/Schottky-bar-
rier-diode) devices eliminate external wiring between the MOSFET and the

diodes for increased power efficiency and reduce wiring resistance and inductance.
The TPCA8A02-H features a 30V drain-to-source voltage with a maximum 34A
drain current, and a 4.8-m� on-resistance; the TPCA8A03-H provides a 30V
drain-source voltage with a maximum 15A maximum drain current, and a typical
5.1-m� on-resistance. The TPCA8A02-H comes in a 5�6�0.95-mm SOP, and
the TPC8A03-H comes in a 5�6�1.6-mm SOP-8. The TPCA8A02-H and TP-
C8A03-H cost 55 and 50 cents, respectively.
Toshiba America Electronic Components, www.toshiba.com/taec

DISCRETE SEMICONDUCTORS

productroundup

�

SOT883 MOSFETs take
up 14% of PCB space

Taking up 14% of the PCB
(printed-circuit-board) space, the

SOT883-packaged MOSFETs claim a
comparable power dissipation and per-
formance to that of SOT23-packaged
devices. Available in a 1�0.6�0.5-mm
footprint, the MOSFET provides 0.65�
on-resistance at 2.5V. The series features
switching speeds of 12- to 16-nsec turn-
on and 17- to 24-nsec turn-off. Prices
for the PMZ760SN, PMZ390UN, PMZ-
250UN, PMZ270XN, and PMZ350XN
start at 20 cents (10,000).
NXP Semiconductors, www.nxp.
com

�

600V IGBTs reduce
power dissipation

Targeting devices having 20-kHz
switching and low short-circuit

requirements, the 600V IRGB4059 IG-
BT (insulated-gate-bipolar-transistor)
family reduces power dissipation by as
much as 30%, according to the vendor.
This reduction allows high-efficiency
power conversion in UPS (uninterrupt-
ible-power-supply) and solar-inverter
applications. With ultrafast soft-recov-
ery diodes, the family provides lower
collector-to-emitter saturation volt-
age and total switching energies than
punch-through and non-punch-through
IGBTs. The device also features internal
ultrafast soft-recovery diodes improv-
ing efficiency and reducing EMI. The
IRGB 4059 IGBTs cost 68 cents.
International Rectifier, www.irf.com

�

Power MOSFET
has low on-resistance

An advanced architecture and
package design allow the NP180-�

MOSFETs tout
high efficiency

Suiting dc/dc converters, the
STD60N3LH5 and STD85N3-

LH5 StripFET V Power MOSFET de-
vices claim a superior performance and
efficiency due to low on-resistance and
lower total gate charge. The 30V de-
vices offer an 8.8-nC gate charge, 7.2-
m� on-resistance at 10V, and a figure of
merit equal to on-resistance times gate
charge. The STD85N3LH5 features a
4.2-m� on-resistance at 10V, and a 14-
nC gate charge. Aiming at notebook-

computer, server, telecom, and network-
ing applications, the STD60N3LH5
and STD85N3LH5 costs 65 cents and
95 cents (2500), respectively.
STMicroelectronics, www.st.com�
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N04 TUG power MOSFET to offer
a 1.5-m� maximum on-resistance.
Rated for single- and repetitive-ava-
lanche energy, the power MOSFET
operates at 175�C at a 10V gate volt-
age and a 40V drain-to-source voltage
at a drain current of 180A. Available
in ROHS (restriction-of-hazardous-
substances)-compliant packages, the
NP180N04TUG power MOSFET
costs $2.50 (800).
NEC Electronics America, www.
am.necel.com

ment algorithms; 600-MIPS computa-
tional power; and on-chip Ethernet-,
wireless-Internet-, and USB-interface
connectivity options. The processor
integrates 802.11a/b/g MAC (me-
dia-access control), an internal col-
or-LCD controller, and onboard ste-
reo-PWM (pulse-width-modulation)
outputs. Measuring 17�17-mm in an
mBGA-292 package, the DM870 pro-
cessor costs $14 (1000) bundled with
the JukeBlox SDK (software-develop-
ment kit). The JukeBlox development
platform includes a hardware-refer-
ence platform and an SDK and costs
$10,000.
BridgeCo, www.bridgeco.com

900V superjunction
MOSFET has
low on-resistance

The 900V superjunction Cool-
MOS power MOSFET family

suits SMPS (switched-mode-power-
supply), industrial, and renewable-en-
ergy applications. The devices provide
a figure of merit—mutiplying the on-
state resistance by the gate charge—of
34V nC, resulting in low conduction,
driving, and switching losses and in-

creased efficien-
cy. The devices
have 120-, 340-,
or 1200-m� on-
resistance and
come in TO-246,
TO-220, and D-
PAK packages,

respectively; 500-, 800-, and 1000-m� 
devices are available. The 120-m�
TO-247 package costs $3.50.
Infineon Technologies, www.
infineon.com

�
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High-definition-digital-
TV platform has world-
wide-standard support

Based on the vendor’s STi1010
single-chip IDTV (integrat-

ed-digital-television) processor, the
DTV50 single-chip, high-definition
decoder-and-processor platform sup-
ports worldwide standards. The plat-
form features demodulation, MPEG-2
high-definition- and standard-defini-
tion-decoding, high-definition-video-
processing, high-quality-audio, and
video-switching functions for IDTV
sets worldwide. Using STi101X pro-
cessors, the STi1010 provides high-
definition-display capabilities with
a picture-in-picture feature, and the
STi1011 suits the WXGA (wide-ex-
tended-graphics-array) version with
no picture-in-picture feature. Avail-
able in a 27�27-mm PBGA package,
the DTV150 platform with a high-
definition configuration costs $45.
STMicroelectronics, www.st.com

Video decoder has 3-D
NTSC/PAL comb filter

Combining a 12-bit 3-D comb
filter with 1080p-high-defini-

tion and 150M-sample/sec sampling
rate, the ADV7802 video decod-
er provides 4:4:4 sampling through-
out the processing pipeline, includ-
ing support for RBG SCART (Syn-
dicat Français des Constructeurs

d’Appareils Radio et Télévision) in-
puts. An on-chip interface with SDR
(single-data-rate) DRAM reduces sys-
tem cost, and DDR (double-data-rate)
DRAM support enables simultaneous
12-bit NTSC/PAL (National Televi-
sion System Committee/phase-alter-
nation-line) 3-D comb, DNR (digital-
noise reduction), and TBC (timebase
correction). Available in a TQFP-176
package, the ADV7802 video decoder
costs $12; the ADV7800 10-bit ver-
sion costs $10.
Analog Devices, www.analog.com

�

�

Triple-core processor
has an audio engine and
a security processor

Aiming at 1024-bit and great-
er encryption techniques, the

DM870 ARM9-based triple-core pro-
cessor provides a dedicated audio en-
gine, a real-time tamper-resistant se-
curity processor, and integrated wire-
less-Internet support. The 240-MHz
ARM926EJ processor core supports
Linux, MP3, WMA, AAC, and oth-
er audio-decompression standards
and offers generous additional pro-
cessing bandwidth for system control
and advanced user-interface opera-
tions. Targeting use in complex-audio
processing, the audio engine supports
real-time MP3 encoding and WMA
(Windows-media-audio) lossless de-
coding. Additional features include
support for popular sound-enhance-

�

Automotive-contact
monitors maintain eight
remote switches

The MAX13037/MAX13038
auto motive-contact monitors

and level shifters provide an integrat-
ed voltage regulator, a watchdog tim-
er, and reset functions. The devices
monitor and debounce eight remote
mechanical switches and consume 28-
�A typical supply current using pro-
grammable polling periods and a pro-
grammable scanning period. Aiming
at harsh automotive environments,
such as body-controller applications,
the devices feature a �45V input-
voltage range, �8-kV ESD protection
on switch inputs, adjustable wetting
current, and low dropout. An open-

�
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drain interrupt output is active in
the absence of a logic supply and can
wake up external microcontrollers
from a sleep state. An SPI (serial-pe-
ripheral interface) reads the switch
status and configures the operating
characteristics of each device, and the
switch inputs provide programmable
wetting current and switching hys-
teresis. Four inputs allow ground-con-
nected switches, and the other four
inputs are programmable in groups of
two as battery- or ground-connected
switches. The microcontroller-inter-
face pins are configurable to direct-
level-shifting outputs for interfac-
ing with PWM (pulse-width-modu-
lation), low-voltage, or other timing
signals. Operating over 6 to 26V bat-
tery voltage and withstanding a 42V
load dump, the contact has a 2.7 to
5.5V logic-supply input that sets the
interface voltage. The device has a
�40 to �125�C automotive-temper-
ature range. The MAX13037 features
a 5V low-dropout regulator, and the
MAX13038 has a 3.3V low-dropout
regulator; both low-dropout devices
provide 150 mA. Available in a 6�6-
mm, ROHS (restriction-of-hazard-
ous-substances) TQFN package, the
MAX13037/MAX13038 automotive-
contact monitor and level shifter cost
$2.16 (1000) each.
Maxim Integrated Products, www.
maxim-ic.com

Scale 2:1 in mm

WHEN RECEIVE SIGNALS ARE WEAK, explore the potential of our MMICs in your next RF application. Highly 

integrated in smallest packages, they come with ESD protection and low power consumption, ideal for battery-

operated handheld devices. What s more, our innovative SiGe technology delivers lower noise, hence increased 

receive sensitivity than silicon alternatives and performance comparable to more expensive GaAs devices. 

For more information: www.infi neon.com/rfmmic
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Audio-DSP kit uses
Symphony Studio
software

The Symphony Studio software
and the Symphony SoundBite

audio-DSP kit allow developing,
debugging, and simulating appli-
cations using an IDE (integrated-
development environment). Using
the open-source Eclipse platform,
Symphony Studio software works
with the vendor’s audio DSPs, includ-
ing the multicore DSP5672x devices.
The kit suits cost-sensitive applica-
tions, independent-design houses,

�

small development shops, and col-
lege laboratories. Shipping with the
vendor’s Symphony DSPB56371 DSP
on a form-factor PCB (printed-cir-
cuit board) with a 256-kbyte serial
EEPROM, the device also includes a
mini-USB interface and DIP switches
for user inputs. The kit also includes an
evaluation board, a mini-USB cable,
and a CD-ROM with software and
start-up documentation. Available for
downloading from the vendor’s Web
site, the Symphony SoundBite devel-
opment kit costs $150.
Freescale Semiconductor, www.
freescale.com

2V-rms audio-line driver
operates from 3.3V
power supply

Operating from a 3.3V power
supply, the DRV601 2V-rms

DirectPath audio-line driver adjusts
input-gain levels. The device inte-
grates a charge pump and has a 1.8
to 4.5V power-supply range and
independent right- and left-channel-
shutdown control. The device also
includes short-circuit and thermal pro-
tection, pop-reduction circuitry, and a
105-dB dynamic range. Available in a
4�4-mm QFN package, the DRV601
audio-line driver costs 90 cents (100).
Texas Instruments, www.ti.com

�

QVGA modules have
RO8803 controller

The 5.7-in. monochrome STN
(supertwisted-nematic) and FS-

TN (film-compensated-STN) QVGA
modules come in FSTN gray, posi-
tive, and transflective or STN blue,
negative, and transmissive configura-
tions. The devices are available with
an RO8803 controller with built-in
touchscreen controller with CCFL
(cold-cathode-fluorescent-lamp) or
LED backlighting. The STN negative
blue-mode module CCFL backlight
costs $42.50 (1000) or $39.87 (5000).
Phoenix Display International,
www.phoenixdisplay.com

�
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defective dopant bottle to a bag of
chips an operator sneaks into the fabri-
cation facility. We applied all the usual
approaches to correcting the problem,
including changing diffusion sources
and cleaning all the glassware, and the
yields improved.

We used CV (capacitance-versus-
voltage) plots to determine that heavy
metal was the source of the decrease in
yields and determined that, after clean-
ing, we had eliminated the source.
Unfortunately, only a week later, the
problem returned. The CV plots once
again confirmed the presence of heavy

metal. The next step was to replace
all the large, expensive quartz tubes in
the diffusion oven. Wafers sat in these
tubes while the oven heated and diffu-
sion gases flowed over the wafers. Re-
placing these tubes upset the produc-
tion-team members, but they felt that
they had at least cured the contamina-
tion problem.

The transistors inside the new quartz
tubes were good ones and met all the
specifications. Everything was fine for
three months. Then the exact same
problem developed again. Transistor
yields plunged, and it seemed that heavy

metal was again the problem. The team
ran many experiments and tried several
approaches to determine the source
of the contamination. Investigations
found that there was gold in the silicon
and that it was ruining the electrical
properties. When you use gold in high-
speed switching transistors, it provides a
place for hole-electron pair recombina-
tion, speeding transistor switching. For
linear transistors, however, the gold just
ruins the properties with excessive leak-
age and poor low-current amplification.
But the investigators thought that they
had eliminated any and all potential
sources of gold contamination.

After some extensive research on
what had changed in the fab, they
found that the fab had brought in a used
diffusion oven from another division.
The diffusion oven had come from a
line that was making high-speed chips,
and that other line had at one point
used the oven for gold diffusion. Chang-
ing glassware was not permanently solv-
ing the problem. If gold could diffuse
into the quartz tubes, it could also con-
tinue on and contaminate the heating
coils. We got a new set of quartz tubes
and also changed the heating coils.

Even after three months, the tran-
sistors coming out of that furnace were
just fine. It turns out that, in the old
factory, the gold had continued to dif-
fuse into the quartz. When the gold at-
oms reached the outside of the quartz
tube, they deposited themselves on the
nichrome heating coils. It had taken
three months for the gold to diffuse
from the outside to the inside of the
tubes; it then began to ruin the wafers
inside the tubes. This fact amazed the
production people, but anyone who
has worked on semiconductor processes
knows that you can never just look at
the usual suspects.EDN

Martin DeLateur is a consultant who
spent 30 years as a product engineer
at Fairchild and National Semicon-
ductor. Contact him at delateurm@
all2ez.net. Like Martin, you can
share your Tales from the Cube and
receive $200. Contact edn.editor@
reedbusiness.com.
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 W
hile working in the 1980s for a major semi-
conductor manufacturer, we had a major yield
problem that was baffling the production
team. Yields were decreasing on a daily basis
because of high leakage failures. The usual
suspects in this case are positive ions (so-

dium) or heavy-metal contamination causing leakage in the ox-
ide layers. Sources for these ionic contaminants can range from a

Contamination:
not your usual suspects
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Astrodyne provides the most Rapid 
Resolution to your custom power supply 
challenges. Our experienced engineers 
will help you to create an efficient 
modified power solution in both small 
and large quantities. Tailored to your 
space and performance needs, 
Astrodyne delivers all this and more…
at the right price:

•  Modified Output Voltages                     
•  Specialty I/O Connectors                   

•  Cable/Connector Assemblies
•  Full Custom Electrical Design
•  Mechanical and Packaging Design
•  Label and Package Customization

    Call today to find your innovative custom 
power supply solution. We’ll listen and 
deliver the Rapid Resolution you deserve.

      astrodyne.com 800.823.8082

Rapid Resolutions

CUSTOMIZE IT.
FAST AND FLEXIBLE POWER SUPPLIES
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With the industry’s broadest and deepest portfolio of circuit protection 
technologies, Littelfuse is the company that engineers trust to answer their 
most critical circuit protection questions. Whether you need overcurrent or 
overvoltage products, Littelfuse has the expertise to help you. 

Don’t take chances when it comes to circuit protection, contact the experts 
today! Visit www.littelfuse.com for more information. 

Fuses 

Thyristors SIDACtor® Devices

GDTs

PulseGuard®

ESD Suppressors

PTCs

Diodes and Silicon 
Protection Arrays 

Varistors

CIRCUIT 
PROTECTION

COMES 
IN MANY 
FORMS

Littelfuse is recognized 
around the world as the #1 
brand in circuit protection 

AND WE HAVE THEM ALL
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