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Run Smarter, Run Longer

System-Side Impedance Track™ Battery Fuel Gauge
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The new bq27500 system-side battery fuel gauge from Texas Instruments accurately predicts battery run time in smart
phones and other handheld electronic devices. Featuring Tl's patented Impedance Track technology, the IC maintains
accuracy for the entire life of the battery under all conditions, reserves energy to save data and never sacrifices run time.

Accuracy, Plus Secure Data Under All Conditions High-Performance Analog >>Your Way
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AEREER e For samples and evaluation modules, visit >>
www.ti.com/bq27500
800.477.8924 ext. 1407

Save to Disk/Flash

Battery Capacity

High-Performance Analog >> Your Way, Technology for Innovators, Impedance Track and the red/black banner are trademarks of Texas Instruments. 1923A0 © 2007 T
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= #1 For On-Time Delivery
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= #1 For Value of Overall Content

EE Times Distribution Study/May 2007

Access to more than

a million products now  Quality Electronic Components, Superior Service
available online!

Digi-Key Corporation purchases all product - .
directly from its original manufacturer. www.digikey.com

| 1.800.344.4539

© 2007 Digi-Key Corporation 701 Brooks Ave. South ¢ Thief River Falls, MN 56701 ¢ USA
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The industry’s leading parametric analyzer
now has lab-grade PULSE CAPABILITY

Keithley's easy-to-use Model 4200-SCS provides a total solution for
DC and pulse characterization and reliability testing.

Request a FREE Semiconductor Interactive Test Environment
Simulator at www.keithley.com/at/303.

KEITHLEY

A GREATER M EASURE O F CONFIDENCE

publisher@keithley.com ® 1-800-588-9238 ® Fax 440-248-6168



AN | M16C - Protecting code investment
M16C with true code & pin compatibility

Platform

Enables connectivity with CAN, LIN, PLC, ZigBee and DMAC

Renesas Technology

No.1* supplier of microcontrollers in the world

presents the M16C Family, the industry's only fully code compatible platform
that addresses the entire 8-bit through 32-bit price/performance application
space. The M16C Family of devices protects your code investment with
seamless code and pin compatibility across the platform. The M16C platform
features optimized peripheral mapping and on-chip memory that permits
applications ranging from 24K bytes to 1M bytes with between 42 and
144pins in an efficient 16-bit CISC architecture. Reduce your overall
development time and cost with a cross-platform code base and development
tools from Renesas Technology.

M16C Product Lineup
Rich Perjpherals, Full Compatibility

M32C/80

» 16MB Space
» 32-bit arithmetic
» Barrel shifter

» DMA 4ch + DMA 11
» 4KB data flash (virtual EEPROM M16C/BNL NN
CANX I
L %IMB%Q%\? MIGC/BNK P i e
o Lo 05126 sy
i M16C/60 ‘M] BC/30P. \6#io5126B Fash | | 384Kt 51268 Flash | o CRA

same CPU_o| " 1MB space 16MHz@5)) 31KB RAM
**{ » 16 to 32MHz . M1BC/6N5
» 16-bit multiplier 6 KB M16C/6N4
» DMA 2ch CANx 2
» 4KB data flash (virtual EEPROM)

MIGC/Tlny 128KB Flash

» Small package (42 to 80pins)
» 10 to 24M 12KB RAM

» Single- chlp only
M16C/28
» 4KB data flash (vnrtual EEPROM) JOMCEy

28K or 256KB Flash
5K or 10K RAM

Lower pin counnt, reduced function

HOT Products | M 16C/30P Group
soentsperpi |

3 cents per pin*

* M30302FCPGP#US5C 100 pin LQFP 128K Flash /5K RAM

M16C/30P Block Diagram

M16GC/60
CPU Core:

Top Reasons to select M16C MCU

¢ Broad Platform & Compatibility

- Wide selection; 24KB to 1MB Flash, 42 to 144 pin

- Up/downgrade in same package, same board

design

- Saves costs and protecting code investment.
e Powerful and Easy

- Banked registers & high speed interrupts (M32C)

- Optimized instructions for 1cycle operations

- High-speed hardware multiplier

- Common Tool Chain across the platform

- Proven middleware; ZigBee, CAN, motor control
¢ Versatile & Efficient

- Specialized peripherals; CAN, PLC, motor control

- Efficient mapping for practical application

- Flexible DMAC for efficient connectivity

- Multiple clock sources and power saving modes
¢ Quiet EMI/EMS

- Built-in noise cancellation, fewer components
 Reliable and Secured

- Trusted flash and protection registers

- Fail-safe features; oscillator-stop, non-stop WDT.

Source: Gartner (March 2007) “2006 Worldwide Microcontroller Vendor Revenue” GJ07168

svcu  Get Started Today -

REACH Go online and register to be eligible for a FREE M16C Starter Kit *
FURTHER www.america.renesas.com/ReachM16C/a

*Only available to customers in North and South America

RenesasTechnology Corp.

Everywhere you imagine. z E N ESAS




Comprehensive Analog Design Solutions for

Communications and Test and Measurement

national.com/signalpath

High-Speed Amplifiers from the PowerWise® Family with Gigasample Speed ADCs
and Clock Conditioners Complete Your Signal Path Design

Simplified Time Domain Analysis

. Anti Alias
Diff A A
y "m Filter ‘ 3 i_>

Digital
Data Qut

Frequency
Synthesizer

Trigger Detector
LMH7322

e LMH® high-speed amps deliver the lowest power
for a given bandwidth in the industry

¢ ADCs with up to 3 GSPS deliver high performance Analog to Digital Converters
at the lowest power consumption T FyS—
u 1pu
* Programmable precision clock conditioners featuring ADC083000/B3000 8-bit, 3 GSPS / 3 GSPS with capture buffer
jitter performance as low as 0.2 ps ADC14155/V155 14-bit, 155 MSPS, CMOS or LVDS outputs
ADC14DS105 14-bit, 105 MSPS, serial LVDS outputs

Differential Amplifiers

Product ID | Description Bandwidth | Noise Figure | Linearity Packaging
LMHG6515 Digitally controlled variable gain amplifier, 31 dB gain range | 600 MHz 8.3dB 40 dBm 0IP3 LLP-16
LMH6552 | Fully differential amplifier 1.5 GHz 10.3dB 35.5dBm OIP3 LLP-8, SOIC-8
LMH6555 | Differential fixed gain amplifier 1.2 GHz 15dB -50.5 dBc THD at 750 MHz | LLP-16

Clock Conditioners

Product ID Description LVDS Outputs LVPECL Outputs Jitter (RMS) (typ)
LMK02000 Clock conditioner 3 5 — Integrated 20fs

LMK03000 Clock conditioner 3 5 Integrated Integrated 400 fs

LMX2531 Frequency synthesizer | 1 — Integrated Integrated 400 fs

For samples, datasheets and more information visit:

National

Or call: 1-800-272-9959 Semiconductor
The Sight & Sound of Information

© National Semiconductor Corporation, 2007. National Semiconductor, LMH, PowerWise, and ¥ are registered trademarks of National Semiconductor Corporation. All rights reserved.




Traffic management:
a.growing-nightmare
for.SOC designers

Connecting the
blocks.on SOCstis
becoming a primary

problem in.advanced-chip design.

by Ron-Wilson,Executive Editor

Handheld oscillo-
scopes offer varied
features

A hands-on evalua-

tion of four models

shows a wide array of
performance, features, and price.

Test & Measurement World

High noon for FPGAs:
low-cost-versus-
high-end showdown

Greenhorns in the
high-end-FPGA mar-
ket, Lattice and Actel
are shooting it out against old
hands Xilinx and Altera in the
battle for low-cost devices.
by Michael Santarini, Senior Editor

IDEAS

by Martin Rowe,

contents

11.8.0/

5 9 GLOBAL
REPORT
Globally, engineers

share similar
gratification and

concern
6 1 ary survey shows that
North American engi-
neers receive higher compensa-
tion than counterparts in estab-
lished regions, such as Japan and
Western Europe. by Maury Wright,
Editorial Director, EDN Worldwide

Our first global sal-

Reference designs
worldwide: under-
standing the IP
imbalance

Does it matter how
engineers in other
countries are using

reference designs? The answer is
a resounding “yes’

by Nicholas Cravotta,

Contributing Technical Editor

Gain-of-two sample-and-hold amplifier uses no external resistors
Circuit for measuring motor speed uses low-cost components
Battery monitor also enables constant-power-boost converter

Send your Design Ideas to edndesignideas@reedbusiness.com.

NOVEMBER 8, 2007 | EDN 5



24-bit Simultaneous Sampling

4- and 8-Channel, 128kSPS, Industrial ADCs

Applications
—Vibration/modal analysis

— Multi-channel data acquisition
— Medical monitoring

SPI DRDY. : : .
RRRLLSYNC — Acoustics/dynamic strain gauges

and SCLK
Frame-
DOUT

Sync
Interface DIN

. Control

Logic

Features

— AC performance
* 62kHz bandwidth with flat passband
* THD: -108dB
—DC accuracy
* Offset drift: 0.8uV/°C
* Gain drift: 1.3ppm/°C
— Selectable operating modes
* High speed: 128kSPS, 106dB SNR
* High resolution: 52kSPS, 111dB SNR
* Low power: 52kSPS, 31mW/ch
* Low speed: 10kSPS, 7mW/ch

Eight
Linear
Phase

FIR
Digital
Filters

. HTQFP-64
(10 x 10mm)

J YOUR WAY™

The 4-channel ADS1274 and 8-channel ADS1278 AX ADCs from Texas Instruments combine outstanding DC accuracy
and AC performance with cost-effective integration to provide a 24-bit, simultaneous sampling measurement system
for demanding signal acquisition applications. Additionally, 16-bit versions (ADS1174 and ADS1178) are available in
pin-compatible packages, providing designers with a complete family of simultaneous sampling solutions.

24- and 16-bit Simultaneous Sampling ADC Family

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

High-Performance Analog >> Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1943A0 © 2007 T!

Technology for Innovators”

Input SNR INL
Device Resolution Channels (dB) (%) Price (1k)*
ADS1278 24-b?t 8 111dB +0.0003 $23.95 For evaluation modules, datasheets
ADS1178 16-bit 8 97dB +0.0008 $15.95 www.ti.com/ads1274
ADS1174 16-bit 4 97dB +0.0008 $9.95 800.477.8924 ext. 4136

{’? TEXAS INSTRUMENTS
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7W LED-driver IC provides 350 mA

Power supplies help PCs get their graphics
game on

Start-up Solido optimizes transistor-level statistical
analysis

Serial analyzers enhance comprehensive PCI
Express 2.0 testing

Dual-display, b'e-digit DMM'’s preset buttons ease
repetitive testing

EDN.comment: Global Report highlights careers
and reference designs

Signal Integrity: Aunt Judy: Beware relatives’ repairs
Analog Domain: Building bridges

Tales from the Cube: What color is 10 k()?
Supply Chain: Linking design and resources

Scope: The Electronics Packaging Technology
Conference, graphics chips and supercomputing,
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Automotive Hall-effect rotary-position sensor uses
novel flux-concentrator technology

Frame grabber supports motion detection

Research Update: Osram, Fraunhofer up for
award for their bright ideas; AmberWave to re-
search mesoporous materials; Mobile WiMax moves

a step closer with interoperability demonstration

Connectors: Varying-frequency-drive cables,
surface-mount-technology contacts, high-
definition-multimedia-interface interconnects,
zero-insertion-force connectors, and more

Computers and Peripherals: DVD-RAM drives,
external-storage systems, high-performance
monitors, hard drives, and more
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o LeCroy invites you to
| | unusual events.
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WaveScan™
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— Search &
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WaveScan, a powerful new tool only for LeCroy oscilloscopes, continuously

monitors live acquisitions for unusual events — even if you're not there. ‘m
¢

Select from more than 20 search criteria, including frequency, rise time, 2007 FINALIST

runt, and duty cycle. WaveScan also locates rare occurrences in a

EDN Magazine has included LeCroy's WaveRunner® Xi and
WaveSurfer® Xs with WaveScan in it's ‘Hot 100 Products’ list.
quick identification. Debug faster. It's that simple. WaveScan is also an EDN 2007 Innovation Award Finalist.

www.lecroy.com
Keyword: unusualevents m roy

1-800-5-LeCroy

single capture, or even a saved waveform and marks events for




EDN online contents

HOME

NEWS CENTER

DESIGN CENTERS

BUSINESS CENTERS

PART SEARCH

ACIDC Wall

adapter
USB HublHostor |
“USB Charger’

PMU

Check out these Web-exclusive articles:

Overvoltage and overcurrent protection

increase safety and reliability in charge-

management systems

Protection schemes protect sensitive

charging electronics, providing a safe

and reliable charging front end through

superior voltage and current capability

with fast turn-off speeds.
www.edn.com/article/CA6492153

Electronics engineers speak out on

engineering education, H1-B visas,

outsourcing
www.edn.com/article/CA6492544

What does “45 nm” mean, anyway?
www.edn.com/article/CA6493083

Could females close the presumed
engineer shortage in the US?
www.edn.com/071108toc1

Analog-output board packs
in 32 channels
www.edn.com/article/CA6492517

Lithography crisis looms as the

semiconductor industry squints

at the 32-nm half-pitch
www.edn.com/071108toc2

Obsolescence-resistant semiconduc-

tor-characterization system simplifies

capacitance/voltage testing
www.edn.com/article/CA6489287

Is the FPGA industry cannibalizing
itself?
www.edn.com/071108toc3

Mentor Catapult optimizes algorithms
and flow for Altera DSP-centric FPGAs
www.edn.com/article/CAG6489145

A selection of recent articles receiving
high traffic on www.edn.com.

2007 EDN Microprocessor Directory
Our 34th annual directory presents you
with a palette of processing options and
development tools for your project.
www.edn.com/microdirectory

Roll back the lead-free initiative:
12 ROHS myths
www.edn.com/article/CAG477864

Battery-fuel-gauge chip provides
99% accuracy
www.edn.com/article/CA6488081

Circuits protect outputs against
overvoltage
www.edn.com/article/CA6486026

IBM moves carbon nanotubes closer to
semi use with measurement technique
www.edn.com/article/CA6491407

Solid-state storage:
feasible plan or flash in the pan?
www.edn.com/article/CA6479490

4G wireless: evolution or watershed
in SOC architectures?
www.edn.com/article/CA6486025

Reach out and touch:
designing with touchscreens
www.edn.com/article/CA6479488

Circuit limits dV/dt and capacitor
inrush at regulator turn-on
www.edn.com/article/CA6486029

Electronics in auto racing:
friend and foe
www.edn.com/article/CA6479489

Diagnose setup and hold times in
synchronous and asynchronous circuits
www.edn.com/article/CA6492447

Buck regulator controls white LED
with optical feedback
www.edn.com/article/CA6491146

More EDN Tech Clips
www.edn.com/techclips

BE AN EDN TECH CLIPS STAR
Upload your own video
Whether it's your own circuit design, a clev-
er hack of a consumer-electronics product,
or an outlandishly elaborate home-hobbyist
project, if you think other engineers would
like to see it, upload it.
www.edn.com/uploadvideo

View uploaded clips:
www.edn.com/071108toc4

FROM EDN’s BLOGS
Bugatti Veyron @ 253 mph: Cars
versus processors and horsepower
versus clock rate

From Leibson’s Law, by Steve Leibson

A video of the world's fastest produc-
tion car (which delivers 1001 hp but
has 10 radiators) offers some striking
parallels for designers considering
higher processor-clock rates.
www.edn.com/071108tocb
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LCR Meter S starting at $ 995

e MeasureR, L, C, Qand D

e Up to 0.05 % basic accuracy

o Kelvin clips, SMT tweezers, BNC adapters

e RS-232, GPIB and Parts Handler interfaces

LCR meters from SRS provide the best value
in component testing with up to 0.05 % basic
accuracy, an easy-to-use interface, and a full
complement of features and adapters. You
won’t find a better value in any comparable
product. See for yourself...

SRS Quadtech SRS Agilent
SR715 1715 SR720 4325
Frequency 10kHz 10kHz 100kHz 100kHz
Accuracy 0.2% 0.2% 0.05% 0.1%
GPIB opt. opt. std. std.
Price $995 $1360 $1495 $3850

S RS Stanford Research Systems, Inc. Phone: (408)744-9040

1290-D Reamwood Avenue, Sunnyvale, CA 94089

www.thinkSRS.com




Samsung Electro-Mechanics manufactures the world’s fastest, brightest and thinnest products through high tech development.
Imagine your world and Samsung will make it real. Samsung Electro-Mechanics will be your most reliable partner.
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EDN.COMMENT

BY MAURY WRIGHT, EDITORIAL DIRECTOR

Global Report highlights
careers and reference designs

nce a year, EDN marshals its resources across Asia,
Europe, and North America to produce a Global Report
that we present in every edition of EDN worldwide.
In the past, we've focused on global standards and
regulatory issues, enabling technologies that matter on
a global basis, and the applications driving the global-
technology economy. This year, we change things up and look at the
electronics-engineering profession. We also take a look at the phenom-
enon of reference designs, because these designs play differing roles in the

the daily work life of engineers around
the world. This year’s Global Report
starts on page 59, and, as always, you'll
find additional articles online at www.
edn.com/global.

As the basis for the career portion of
the Global Report, we fielded a global
salary and career-satisfaction survey.
We found that engineers worldwide
cherish the creative and innovative
aspects of their jobs, but they also
share concerns about job security and
long work hours. Not surprisingly,
engineers in the mature electronic
markets of Europe, Japan, and North
America enjoy far larger salaries than
their counterparts in developing re-

| NOVEMBER 8, 2007

gions. But almost all engineers share
the feeling that they are underpaid
and even underappreciated. Still, in
a strange conundrum, most engineers
are content with their career choice.

The aspirations of engineers glob-
ally provide an interesting contrast.
Design engineers in Korea would like
to stay on a technical-career track,
yet their employers often force them
into managerial roles. In China, con-
versely, engineers feel that, to succeed,
they must move into sales, marketing,
or management by the age of 35.

The second article in the Global
Report examines the increasingly im-
portant role that reference designs now

‘This year, we
changeithings
up and look at

the electronics-
engineering
profession.

/

play in design. Reference designs help
engineers get increasingly complex
products to market on time and are
invaluable for IC and component ven-
dors. A comprehensive reference de-
sign can be the prime factor for a maker
of an application-specific SOC (system
on chip) in getting that IC adopted.
However, even vendors of secondary
components win by having a reference
design include their components.

Nevertheless, designers in different
regions look for different features in
reference designs. Check out Contrib-
uting Technical Editor Nicholas Cra-
votta’s “Reference designs worldwide:
understanding the IP imbalance,”
which begins on pg 75, for a general-
ized look at the phenomenon. Then,
peruse the sidebars by EDN editors
around the globe for firsthand ac-
counts from engineers in each region
of the relevance of reference designs
and how designers use them.

With the release of the 2007 Global
Report, we also present the online
results of our North American salary
and career-satisfaction survey. You'll
find links to that data from the online
version of the Global Report. We also
present portions of the surveys from
EDN editions in Asia and Europe.

As always, | appreciate your feed-
back. Let me know what you think
about the Global Report. Digest the
contents of our salary and career-
satisfaction survey and respond with
your own thoughts. You can contact
me directly by phone or e-mail. But,
if you respond in the Feedback Loop
you'll find alongside the online ver-
sion of the article of interest, your
fellow engineers will be able to access
your thoughts and share theirs.Epn

Contact me at mgwright@edn.com.

AT EDN.COM >

Go fo www.edn.com/071108ed
and click on Feedback Loop to post
a comment on this column.




FAIRCHILD

SEMICONDUCTOR®

Maximize energy efficiency
in every DC-DC design.

»
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Here is a selection of our integrated
DC-DC solutions:

Product Part Numbers*  Features Choose your DC-DC functions,
Integrated Switching FAN2106 * Up to 95% efficiency performcmce, size and energy savings
Regulators (Controller + FAN5350 * Small, ultro-thin package (MLP and CSP)
Drivers + MOSFETs) No one offers more efficient DC-DC options than
Power Controllers FAN6520 © Drives N-Channel MOSFETs in a synchronous Fairchild. We combine perfectly matched power analog
(Controller + Drivers) buck '°P°:°9Y | and discrete components with advanced packaging and
Output voltage range as ow s 0.8V o iy power expertise for the industry's leading energy-saving
El:xe:arl‘llﬁrcsh(iFE'Tﬁp‘liusl ) FDMF8704 : ;3'?2 *I’ff"r:ell::yn N portfolio. You can choose the optimum combination of
or MUlFEhip Nodule) | FOMR6700 DIMOS solutione > Uk power siage controller, drivers and MOSFETs in a wide range of
* Unique MLP 6 6 package performance and size specifications.
Integrated MOSFETs FDMS9600 * 50% board space savings versus .
(mulriple MOSFETs FDNS9620 discrete solufion Whatever your system performance and time-to-market
in one package) * Ease of layout in PCB design needs may be, Fairchild has your ideal DC-DC solutions.
* Opfimized matching and sizing of MOSFETs
(>92% efficiency)

* MLP 5x 6 package

*These products represent a small sampling of Fairchild’s DC-DC porffolio. Learn more about all of our DC-DC solufions—including

PWM controllers, voltage regulators and MOSFETs—at
www.fairchildsemi.com/dcdc.

the

. 0 :
FAIRSHIED www.fairchildsemi.com W e r

franchise

YEARS



Intersil Video Products

High Performance Analog

intersil.

"HIGH PERFORMANCE ANALOG

Improve your video performance

( , o
with Intersil’s high performance UL 2 LR
analog ICs. — Analog Front Ends — Digitizing AFEs

~— Amplification ~— Distribution
— Crosspoints ~— Retiming
~— Distribution ~— Switching
ioaet 1 imters o
: 4 e — Equalization
~— Filtering
— Multiplexers
~— Switching
— Synchronization

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

intersjl.

HIGH PERFORMANCE ANALOG

Intersil — An industry leader in Switching Regulators and Amplifiers.

©2007 Intersil Americas Inc. Al rights reserved. The following are trademarks or services marks owned by Intersil Corporation
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).
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Dealing with EMI in Class D Audio Applications

Application Note AN-1737

Bill McCulley, Applications Engineer

EMI - The Basics

Electromagnetic Interference (EMI) is an unwanted
disturbance caused in an electrical circuit by electro-
magnetic radiation emitted from an external source. EMI
encompasses two aspects. Emissions refer to the scope to
which equipment generates radiated noise. Susceptibility is
the scope to which equipment is affected by emissions gen-
erated from other electromagnetic waves. The degree to
which the designer controls unintended emissions
may make the task of susceptibility easier. In order to
understand emissions, it is important to understand
antennas. Figure I below shows the well-known physical
relationship between wavelength and frequency:

_ Velocity of Light
Frequency x\/e_r

_ 300
f(MHz)x Je,

A

€ is the relative permittivity

Figure 1. Wavelength as a Function of Frequency

The shortest length required to be an efficient antenna is
M4. In the case of air, permittivity is 1, but in the case of
FR4 or glass-epoxy PCBs, permittivity is reduced to
approximately 4.8. The effect causes a signal traveling
a trace to slow once it reaches the dielectric gradient
created by the FR4 material, causing essentially, a
“wavelength-shortening” effect. For example:

A 200 MHz signal has a quarter wavelength in air of
16.7 cm.

In an inner-layer PCB trace, it is: 16.7/4.8"? = 7.6 cm.

A PCB trace can act as an unintentional antenna even at
lengths shorter than A/4, increasing both emissions
and susceptibility. Surface traces also exhibit this wave-
length-shortening effect, as one side of the dielectric serves
to change the overall permittivity of the transmission.

Unintended antennas, such as PCB traces, are the key
culprit behind radiated noise in digital systems. As we will
see, the Class D audio amplifier is, in essence, a digital
system from the perspective of radiated emissions. Unin-
tended antennas in circuit boards can include long traces,
vias, leads, and unpopulated PCB connectors or headers.

The Class D Audio Amplifier
The Class D audio amplifier has emerged as a popular
topology for the consumer market due to its high efficiency.

It modulates a high-frequency square wave by the
incoming analog signal. A low-pass filter, typically a 2-pole
Butterworth, is used to filter the high-frequency content
and recover the original audio signal. In “filterless” topolo-
gies, the inductance of the speaker itself is incorporated as
part of the filter. One common Class D topology, Pulse
Width Modulation (PWM), uses a fixed-frequency wave-
form and changes the duty cycle to create a moving average
of the signal after a low-pass filter, as seen in Figure 2.

+Vee

Ve
Figure 2. The Class D Audio Amplifier PWM

The benefits of a switching topology are apparent — high
efficiency, low-power consumption, and small thermal
designs. But increased efficiency is not without cost. In order
to drive efficiencies up, a sharp rapidly-switching square
wave is required. This can lead to the same undesirable arti-
facts that are present in digital systems, as the spectral energy
is highly concentrated on the edges of the square wave.

Countering EMI

To counter EMI, it is essential to include PCB floor
planning as part of the circuit design. General PCB
guidelines for dealing with EMI include:

* Appropriate placement of decoupling capacitors between
power and ground

* Avoidance of traces cut within ground or power planes
¢ Adequate termination of all high-frequency clock lines
* Proper filtering of PCB connectors

* Avoid loop antennas

Optimally, you will stop radiation by suppressing the
source of current that is feeding the antenna.

National

Semiconductor
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For the audio designer, it is important to
consider the following: cst
* Keep traces from the audio amplifier

to the speaker as short as possible.

J_’CZ
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Traces and wires act as antennas with
significant radiation occurring once 0 oosT|

the length reaches A/4
* For filterless Class D systems, the trace
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and wire connecting the amplifier’s
output to the speakers will likely be
the largest source of emissions
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The practice of placing ferrite beads in
series with the loudspeakers close to the
amplifier can be effective. Regarding e A
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act as resistors, but because R, =0,
there is no DC voltage drop. This makes
them useful in cases where frequencies of
interest are significantly below 1 MHz.
Also, it is important to under- stand that the
ferrite bead is effective when considered part
of a two-element voltage divider. The ferrite
will usually serve as the series element, and
the shunt element is a capacitance — either a
physical capacitance or a lumped capacitance.
The transfer function indicates the system
will be damped to the extent that resonance
effects are significantly diminished.

The primary difficulty with periodic square
waves inherent in Class D is the concentra-
tion of energy at the harmonic intervals.
In the push to create a “quiet” low-EMI Class
D amplifier, one approach is to spread the
spectrum of the switching so the energy at
any one point in the spectrum is reduced.
Efficiency and low THD+N are maintained,
but radiated noise and EMI can be signifi-
cantly reduced, as seen in Figure 3.
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Spread-Spectrum

Figure 3. Comparison of Fixed-Frequency and
Spread-Spectrum Modulation

Oscillator

SS/FF

Figure 4. LM48511 — A Spread-Spectrum Modulated
Class D Amplifier

The LM48511 is a spread-spectrum modu-
lated Class D audio amplifier. It also includes
a built-in boost regulator, which drives the
supply voltage to 7V, increasing amplifier
output power and the audio-sound pressure
level compared to an unboosted amplifier.
The boost regulator allows the amplifier to
maintain a constant output level, even when
powered from a decaying voltage source such
as a battery.

The LM48511 amplifier features a logic-
selectable, spread-spectrum modulator that
reduces EMI, eliminating the need for output
filters or chokes. As shown in Figure 4, the
spread-spectrum modulator feeds a standard
H-bridge which drives the bridge-tied load
speaker. In spread-spectrum mode, the
switching frequency varies randomly by 10%
around a 330 kHz center frequency, decreas-
ing EMI emissions radiated by the speaker
and associated cables and traces.

Electromagnetic interference is a system-
level concern, and it is essential for today’s
audio engineer to design with EMI in mind,
including the best possible design practices
and judicious choice of components and
materials.

For an expanded version of this article as
well as additional reference information,
please visit: edge.national.com Ml

© National Semiconductor Corporation, 2007. National Semiconductor and &9 are registered trademarks and Analog Edge is a service mark of
National Semiconductor Corporation. All other brand or product names are trademarks or registered of their respective holders.
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INNOVATIONS & INNOVATORS

7W LED-driver IC provides 350 mA

argeting use in tunnel-lighting, automo-
Ttive-ligh‘[ing, and similar applications, the

new Catalyst Semiconductor CAT4201
buck-regulator driver can deliver 7W of power
to a string of white LEDs operating from a 24V
rail. The device delivers TW when driving an
LED off a 6V rail and delivers as much as 350
mA to the LED. By using a buck-regulator rather
than a linear-regulator architecture, the device
achieves efficiency as high as 94%. Catalyst
manufactures the device using a high-perform-
ance, high-voltage CMOS process so that it can
withstand 40V transients on the input. A single
pin provides dimming and control.

A designer establishes the chip’s switch-
ing frequency, which depends on the value of
the inductor in the circuit rather than on the
resistor-to-capacitor ratio. The device allows

The CAT4201buck-LED-driver demo board
and LED-module board target automotive
applications.

Power supplies help PCs get their graphics game on

the inductor to run out of current, so it always
operates just into the discontinuous mode.
The peak current is twice the average cur-
rent because the current goes to exactly OA
before the part turns on again. This feature
allows a resistor that sets the peak current to
also establish the average current. Using low-
value inductors causes the operating current
to rise and fall faster than it would with high-
value inductors, resulting in a faster operating
frequency for a given input voltage. Using this
method, you can set the switching frequency at
50 kHz to 1 MHz.

In practice, an inductor value of 33 uH pro-
vides a 350-mA drive current across a wide
range of input voltages. “The part detects when
the inductor current goes to OA and therefore
can operate at the crossover point between
continuous and discontinuous operation,’
says Anthony Russell, Catalyst's director of
power-management products. “The frequency
depends on the inductor value and the supply
voltage! The CAT4201 is available in an ROHS
(restriction-of-hazardous-substances) TSOT-
23-5 package and sells for 72 cents (10,000).
A demo board is available—by Paul Rako

Catalyst Semiconductor, www.catsemi.
com.

A standard desktop PC might come with a 300W power supply—more than adequate for most
PC chores. But if you need to do serious graphics work that requires a graphics board, such as
Nvidia's (www.nvidia.com) SLI 3D or ATI's (www.ati.com) Crossfire graphics-processor cards, your
PC will need a bigger power supply. For those needs, you might consider Corsair's new TX Series
of power supplies, available in the 650W CMPSU-650TX and the 750W CMPSU-750TX mod-
els. The supplies have dedicated single-12V-rail, active-PFC (power-factor-correction) circuitry,
providing a PFC value of 0.99 under full load and 80% or greater energy efficiency across 20, 50,
and 100% load conditions. The $179.99, 650W model includes two eight-pin (six-plus-two) PCle
(PCI Express) cables; the $199.99, 760W model has four PCle cables.—by Margery Conner

Corsair, www.corsair.com.

EDITED BY FRAN GRANVILLE

S0C

—Design engineer Kirk A

Middlemass, in EDN’s Feedback
Loop, at www.edn.com/article/
CA6475012. Add your comments.

The TX series of PC power sup-
plies achieves greater than 80%
power efficiency across its load

range.

NOVEMBER 8, 2007
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Start-up Solido optimizes
transistor-level statistical analysis

ith its new Solido-
Stat tool set, Solido
Design Automation

wants to help analog-system
and full-custom-digital-system
designers get more insight into
the statistical-analysis step of
the traditional tool flow. Statis-
tical-timing analysis and Mon-
te Carlo simulation are com-
mon steps in these tool flows,
but most designers typically
use a Monte Carlo simulation
to determine parametric yield
for their designs. After they run
simulation, however, they don't
know which parts of the design
contribute to the statistical dis-
tribution for yield and how they
can improve it without nega-
tively impacting other parts of
their design. A small change in
a design can sometimes result
in a big boost in performance.
At other times, a small change
can cause big problems for
other parts of a design.

In standard digital design, de-
signers encounter only a hand-
ful of design specifications
and interdependence between
variables, such as power, timing,
yield, and signal integrity. De-
signers working at the transis-
tor level, however, typically en-
counter hundreds or thousands
of variables, according to Amit
Gupta, Solido’s co-founder and
chief executive officer. Tran-
sistor-level designers typically

DILBERT By Scoft Adams

must balance specifications,
including gain, phase margin,
slew rate, CMRR (common-
mode-rejection ratio), power
dissipation, offset voltage, off-
set current, bias current, and
gain-bandwidth settling time,
for each transistor. “You have
to account for these [specs] si-
multaneously; you can increase
your phase margin and worsen
your gain or increase your gain
and worsen your phase margin;’
says Gupta.

Environmental effects can
also affect your design. “If you
have voltage, temperature, and
load conditions ... for each of
those [conditions], and all the
variations, you have 27 com-
binations of environmental ef-
fects that you must consider si-
multaneously,’ he says. On top
of these complications, design-
ers must also account for glob-
al statistical variations, such as
delta length and width; device
variables, such as length and
width; and local statistical vari-
ations, such as flatband volt-
age, N substrate, and mobility.
“When you add all these ef-
fects simultaneously impacting
your design, ... there are liter-
ally thousands of variables that
you must consider,’ Gupta says.
To address these variables, de-
signers typically design using
worst-case scenarios. Doing
so usually ensures that you

 The tool em-
ploys paral-

lel-processing
and proprietary
sampling algo-
rithms o pro-
vide a speedup
in Monte Carlo
simulation.,

hit yield margins but can also
cause you to sacrifice perform-
ance, power savings, or other
desirable effects.

Solido believesitcanhelp de-
signs achieve greater perform-
ance, lower power, and yield
targets with the SolidoStat tool
suite, which includes Sampler,
Characterizer, CircuitEnhancer,
TradeoffAnalyzer, and Visualiz-
er. The tools work with all large
EDA vendors' SPICE simula-
tors, including Synopsys’ (www.
synopsys.com) HSPICE, Ca-
dence's (www.cadence.com)
Spectre, and Mentor Graphics’
(www.mentor.com) Eldo. Us-
ers run multiple SPICE simula-
tions and then run the Solido-
Stat Sampler. The tool employs
parallel-processing and propri-
etary sampling algorithms to
provide a threefold to fivefold
speedup in Monte Carlo simu-
lation. Running static analysis
on SPICE-deck data, the Sam-

I DONT UNDERSTAND
WHY TECHNICAL
WRITERS GET PAID
LESS THAN ENGINEERS.

scottadams@aol.com

www.dilbert.com

IF YOU WERE CAPABLE
OF UNDERSTANDING
THAT SORT OF THING,

YOUD BE AN ENGINEER.

\

43:07 ©2007 Scott Adams, Inc./Dist. by UFS, Inc.
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pler algorithms create a para-
metric-yield number and a dis-
tribution. If the yield is less than
the designer’s target, the de-
signer can activate the Char-
acterizer, which uses patent-
pending algorithms to pinpoint
sources of yield and perfor-
mance loss in the design, zero-
ing in on transistor, resistor, and
capacitor geometries that de-
signers can change to improve
the design. “If there are prob-
lems, users can start charac-
terizing their designs to find out
what's causing physical distri-
bution, which process variables
are problematic, which specifi-
cations are problematic, which
environmental conditions are
problematic, and so on,’ says
Gupta. “It helps designers nar-
row down the problems in their
design so they have to look at
only a few variables rather than
a few thousand variables”

Once they reduce the field
to the problem areas, users
can activate the TradeoffAna-
lyzer, which helps determine
whether they can trade off
specifications to improve yield.
Users can then activate Solido-
Stat CircuitEnhancer. The tool
lists features and suggests siz-
ing alternatives for those fea-
tures. Designers can then se-
lect which features they want
to adjust, make those adjust-
ments, and again run Sampler
to check yield. The suite runs
statically and mines data from
the SPICE-simulation data-
base; thus, users need not run
a full SPICE simulation and
Monte Carlo analysis between
each step. The Visualizer tool
converts the raw data from all
the Solido analysis engines into
dynamic visual representations.
Prices for the SolidoStat tool
suite range from $50,000 to
$200,000.

—by Michael Santarini

Solido Design Automa-

tion, www.solidodesign.com.



Industrial SBC
Supports Wired
and Wireless
Communications

WinSystems” LBC-GX500 is a highly
integrated, single board computer (SBC)
designed for machine-to-machine
connectivity with a wide variety of wired
and wireless options. It provides an open
and powerful platform for management of
geographically distributed machinery.

* AMD GX500@1W processor

¢ PC-compatible: supports Linux
and Windows® XP embedded and
other popular RTOS

* Operates from -40° to +85°C with no fan

* 10/100 Mbps Intel Ethernet controller

* 10 COM ports and 6 USB ports

¢ Socket support for 56kbps POTS modem,
GPRS/CDMA cellular modem, ZigBee
and 802.11a/b/g wireless modules

* 48 bi-directional TTL digital I/O lines

¢ Flat panel and CRT supported

* Onboard AT keyboard, PS/2 mouse, LPT,

FDC, and UDMA disk controllers Call 817-274-7553 or Visit

* Type I and I CompactFlash cards supported www.winsystems.com/LBC-GX500
e PC/104 PC/104 P i .
C/104 and PC/104 Plus expansion Ask about our 30-day

¢ Optional 12-bit A/D converter, 8 SE /4 DI roduct evaluation!
e Optional Trimble GPS receiver p '
® EBX-size: 5.75” x 8.00” (146mm x 203mm) x K,

* Long-term product availability * X WinSystems®
* Quick Start kits for software development
715 Stadium Drive e Arlington, Texas 76011

Off-the-shelf delivery, knowledgeable technical Phone 817-274-7553 ¢ FAX 817-548-1358

o] _TLglg . E-mail: info@winsystems.com
support, long-term availability and the right
price makes WinSystems” LBC-GX500 the SBC
of choice for your application.




22 EDN |

pulse

Serial analyzers enhance
comprehensive PCI Express 2.0 testing

‘ektronix has announced
Tthe TLA7S08 and TLA-

7516 serial analyzers for
test and validation of PCle (PCI
Express) 1.0 and 2.0 designs.
According to the manufacturer,
unlike competing instruments,
the new analyzers provide de-
tailed PCle 2.0 protocol infor-
mation as well as cross-bus
analysis. The units enhance
the company’s comprehensive
PCle-test approach, which en-
ables the development of next-
generation, high-speed com-
puting systems.

PCle 2.0 introduces perform-
ance enhancements for the
computer, storage, and com-
munications industries. First
among these improvements is
a speed increase from 2.6 to &
Gbps. The most significant vali-
dation challenges for PCle 2.0
are capturing signals at twice
the former top speed, verify-
ing power management, and
performing cross-bus analysis.

Power-management features
dynamically negotiate the link
width and number of lanes in
use—to 16—link speed of 2.5 to
5 Gbps, and idle states to con-
serve as much energy as pos-
sible. Power management is
critical—whether in a laptop to
extend battery life orin a server
system to conserve energy.

The new PCle protocol us-
es a three-layered architecture
with physical, data-link, and
transaction layers and electri-
cal and logical sub-blocks. The
physical layer's logical sub-
block selects the link width, ini-
tializes the bus, and negotiates
the data rate. The data-link
layer ensures that data sent
on the link is correct and that
packets are reliably transmit-
ted. The transaction layer con-
structs requests, completes
transactions, and controls
transaction-layer packet flow
and messaging.

In addition to the serial an-

alyzers, Tektronix is offering
new half-width P6708 and full-
width P6716 midbus probes
and one-, four-, eight-, and 16-
lane prerelease slot-interposer
probes to test and validate all
PCle 2.0 layers. With narrower
links, the P6708's small foot-
print minimizes board-real-
estate requirements. The new
analyzers plug into the man-
ufacturer's TLA7000-series
logic analyzers, enabling de-
bugging and correlation of
general-purpose signals and
interconnects, including those
to memory and CPUs.

PCle 2.0 link-width and
speed negotiation requires de-
bugging the physical layer's
logical sub-block, at which log-
ic-analysis instruments, unlike
protocol-analysis tools, provide
detailed data. The TLA7S08
analyzer handles unidirection-
al links as wide as eight lanes
or bidirectional links as wide
as four lanes; the TLA7S16

The TLA7S08 and TLA7S16
modules plug into the manufac-
turer’'s TLA7000-series logic
analyzers, enabling debugging
of the 5-Gbps PCle 2.0 bus
without the need for external
deserialization hardware
between the probe and the
logic analyzer.

analyzer handles unidirection-
al links as wide as 16 lanes
or bidirectional links as wide
as eight lanes. You need two
TLAS716 analyzers for bidirec-
tional links of nine to 16 lanes.
Suggested US prices begin
at $55,000 for the analyzers
and at $16,000 for the midbus
probes.—by Dan Strassberg
>Tektronix Inc, www.
tek.com.

DUAL-DISPLAY, 5%2-DIGIT DMM'S PRESET BUTTONS EASE REPETITIVE TESTING

Fluke Corp has announced
the 8808A DMM (digital
multimeter), featuring 52-
digit resolution, multifunc-
tion-measurement capabil-
ity, and a dual display that
enables users to simultane-
ously measure two related
parameters, simplifying
testing and troubleshoot-
ing. The instrument’s front
panel includes six program-
mable setup buttons that
function much like car-radio
presets, allowing produc-
tion operators to quickly
follow a test procedure
without pushing multiple
buttons. A high/low limit-
compare mode with pass/
fail indicators can remove
much of the guesswork
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from testing and can help
to eliminate production
mistakes. Using the setup
buttons to invoke pass/fail
tests enhances measure-
ment consistency and thus
improves the quality and
efficiency of manufacturing
test. With measurement
functions that include volts,
ohms, amps, and frequency,
the meter also meets per-
formance and flexibility
requirements for bench
meters in R&D and service
applications.

The 8808A exhibits basic
dc-voltage maximum error
of 0.01% and, according
to the manufacturer, is the
only meter in its class that
features dedicated low-cur-

rent dc-leakage-measure-
ment capability. The unit
uses a high-impedance-in-
put-measurement circuit to
make sensitive low-current
measurements without
loading the circuit under
test; in the 2000-p.A range,
resolution is 100 nA. The
2X4() function uses pat-
ented split-terminal jacks
that allow users to perform

The front panel of the
51-digit dual-display
8808A DMM includes
six programmable but-
tons—just below the
display—that you can
use, much like car-radio
presets, to invoke fre-
quently used measure-
ment setups.

four-wire measurements
using only two test leads.
The optional two-by-four-
wire test leads make pos-
sible precise, four-wire,
low-resistance measure-
ments on miniature sur-
face-mount components.
The US list price is $745.
—by Dan Strassberg

Fluke Corp, www.fluke.

com.




More 16-bit DAC performance for more designs.
In process control, analog is everywhere.

Power-On Reset to
Mid or Zero Scale

LDAC and CLR
Pin Functionality

Software-

INTERFACE

Programmable
5V,10V, =5V, 10V

Small Packages:
SOT, LFCSP

<

New Levels of Performance and Flexibility for
AD5064 Open-Loop and Closed-Loop Applications
High Performance for Open-Loop Systems

The first low voltage quad with =1 LSB INL @ 16 bits.
Unmatched accuracy and pin functionality, combined.

Our newest portfolio of industrial 16-bit DACs offers best-in-class

performance, and a world of system configuration possibilities. You'll find

single, dual, and quad option DACs, in small packages, with a full range of

H design tools and support. In addition to these DACs, Analog Devices offers

3 E: o5V —>D—>°-1W—>: ol i hundreds of other IC solutions to meet all your process control needs. For
—os —>>— 08— more information, visit www.analog.com/16-bitDACs or call 1-800-AnalogD.

Part No. Description Price
AD5754 Ideally Suited to Open-Loo,
Flexible Solution for Closed-Loop Systems & Henoop
. AD5060 Single, 5V, =1 LSB INL (max), 1 mA@5V $7.50
The AD5754 provides a software selectable output range of 5V, 9 (max)
10V, £5V, and =10V for cost-efficient system configuration. AD5065 Dual, 5V, =1 LSB INL (max), 2.3 mA @ 5V $11.25
_____ . AD5064 Quad, 5V, =1 LSBINL (max), 5 mA @ 5V $15.95
—> 10V —>!
| ol ““““”"s'i AD5764 Quad, =15V, =1 LSB INL (max) $35.70
— o-1uv—>: GX:LT:EOL : Ideally Suited to Closed-Loop
—> 0-5V —>:_ 1 Dual, software-programmable output range of 5V, 10V,
AD5752 +5V, +10V in 24-lead TSSOP $6.95
Quad, software-programmable output range of 5V, 10V,
A =5V, =10V in 24-lead TSSOP $10.05
AD5664R Quad, 5V, 5 ppm ref, in 3 mm X 3 mm LFCSP $10.45
All prices shown are $U.S. at 1k quantities unless otherwise noted.
All parts 16-bit resolution.
analog is everywhere. ANALOG
@ www.analog.com/16-bitDACs DEVICES



pulse

Automotive Hall-effect rotary-position sensor

uses novel flux-concentrator technology

elexis uses its exper-
tise in advanced pro-
cess technology as

well as a novel approach to
magnetic concentration in the
design of the new MLX90316
Hall-effect rotary-position sen-
sor. The eight-pin-SOIC device
provides 12-bit resolution and
10-bit accuracy over its tem-
perature range. Because reli-
ability is critical in the device's
targeted applications—throttle-
pedal positioning, for exam-
ple—Melexis offers versions of
the part that integrate two ful-
ly redundant sensors into one
TSSOP-16 SMD package.
Melexis uses the Triaxis flux
concentrator in the magnetic
path; the device converts B-
fields in the plane of the die
into orthogonal fields that pen-
etrate the die. The company
applies this concentrator as
a back-end deposition to the
normal CMOS-process flow.
The flux concentrator presents

The Melexis rotary-position-sensor die
has a novel magnetic-flux concentrator
that converts magnetic fields parallel

to the die into fields that pass through
the die.

The Melexis MLX90316 die includes Hall-effect sensors, chop-
per-stabilized amplifiers, ADCs, a 16-bit RISC processor, DACs,
voltage regulators, and output drivers.

the B-field to the integrated
Hall-effect sensor, a differen-
tial-analog-signal chain, which
includes chopper amplifiers to
minimize noise and improve ac-
curacy. The concentrator takes
possession of the analog sig-
nal. An ADC digitizes the Halll
signals, which then go to an
on-die-integrated, 16-bit RISC
microprocessor. This processor
includes filters that us-
ers can implement as
hysteretic, FIR (finite-
impulse-response),
and IR (infinite-im-
pulse-response) de-
vices. The Hall-effect
sensor's output has
four ranges, allow-
ing manufacturers to
do a quick two-point
sensor calibration or
a more time-consum-
ing three- or five-point
calibration for better
linearity.

The chip provides
PWM and serial-pro-
tocol outputs, as well
as a DAC to output an
analog signal. In addi-
tion, a switch output
changes level when
the sensor reaches a

programmable threshold. Self-
diagnostics include memory
checks, overvoltage and under-
voltage detection, and ground-
integrity checks. The processor
includes a watchdog timer. In
addition, the chip self-checks
the ADC, the DAC, and the on-
board regulator.

The chip suits automotive
applications requiring high volt-
age or the ability to withstand
high temperatures in engine-
torque, steering-wheel, fuel-
level, ride-height, and pedal-
position sensors. You can also
use the chip in applications re-
quiring rotary or 3-D positions,
such as joysticks for entertain-
ment control and seat position.
Although the chip’s designers
had automotive applications in
mind, it suits use in industrial
and medical applications re-
quiring reliability and tempera-
ture range of —40 to +150°C
for both the SOIC-8-pack-
aged MLX90316LDC and
TSSOP-16-packaged MLX-
90316LGO. Prices are ap-
proximately $2.40 and $4.56
(10,000), respectively.

—by Paul Rako
~Melexis Semiconductors,
www.melexis.com.

FRAME GRABBER
SUPPORTS MOTION
DETECTION

For designs dealing with
video from an analog
source, consider using a
frame grabber, which pro-
vides a quick and easy way
to capture and digitize
the video. For example,
Sensoray’s latest USB
model 2251 frame grab-
ber converts an NTSC- or
a PAL-composite ana-
log-video source into an
MPEG stream along with
optional synchronized
audio, all in a 1.5X3.5-in.
form factor. Users can
adjust the resolution and
bit rate for picture quality
and storage.

You can adjust the
output resolution from
320’240 to 720480 pix-
els at 30 frames/sec. The
bit rate is continuously
variable to 6 Mbps. Us-
ers can select MPEG1,
MPEG2, or MPEG4 com-
pression or can capture
frames in JPEG format.
The 2251 also supports
motion detection in three
user-programmable re-
gions of interest. The user
can adjust the motion-
detection sensitivity and
localize the motion to a
16X16-pixel block.

The 2251 includes a
software-development
kit with support for Linux
and Windows. Prices start
at $226.—by Warren Webb

Sensoray Inc, www.
sensoray.com.

The model 2251 provides
MPEG- and JPEG-video
compression to Linux and
Windows computers.
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Precision ADCs with size and power at a record low.
In data conversion, analog is everywhere.

COMPETITION

7.5mW @ 1MSPS
3mm x 3mm
+2.5LSB INL
99dB SNR

I: ANALOG
DEVICES

AD7982

AD7982

e 18-bit, 1 MSPS, 10 ppm INL max, 99 dB SNR
e Low power scaling with throughput:
7.5mW @ 1 MSPS, 75 pW @ 10 kSPS
« Tiny packages: 10-lead MSOP or LFCSP
o Serial SPI interface with daisy chain
o True differential input 5Vppor 2.5Vpp

AD7980

e 16-hit, 1 MSPS, 7.5 mW, 30 ppm INL max
e Same pinout as AD7982
e 5Vor2.5Vinput with ground sense

ANALOG

DEVICES |

Recommended ADC Drivers

o ADA4841-x family of Op Amps
o Low noise and distortion at 1.1 mA

o Rail-to-rail outputs and dc precision Part

Number

AD7982
AD7690
AD7691
AD7980
AD7693
AD7685
AD7942

Resolution
(Bits)

18
18
18
16
16
16
14

18-bits, 1 MSPS, 7.5 mW, 9 mm? breakthrough
performance for medical, industrial designs

In medical, industrial, instrumentation, and sensor equipment, low-power
consumption and portability are critical to performance optimization.
That's why our new PulSAR® successive approximation analog-to-digital
converters represent milestones in precision data conversion technology.
Compared to competitive offerings, these ADCs use less than 5% of the
power, and are just 20% the size, while maintaining uncompromised
performance in other areas such as ac specifications and dc linearity.
This family of converters is ideal for challenging applications that require
low heat dissipation, extended battery life, and high channel integration.

For more information about Analog Devices’ PulSAR technology, please visit
www.analog.com/pulsar-small or call 1-800-AnalogD.

Sample Max Integral SNR, noise rms  Power @ Price
Rate Linearity (LSB/ppm)  (dB/ppm of FSR) 100 kSPS ($U.S.) @ 1k
1 MSPS 25LSB, 10 ppm 99 dB, 4 ppm 750 pW 23.00
400 kSPS 1.5LSB, 6 ppm 102 dB, 2.8 ppm 4.4 mW 19.50
250 kSPS 1.5LSB, 6ppm 102 dB, 2.8 ppm 4.4 mwW 14.50
1 MSPS 2LSB, 30 ppm 91.5 dB, 9.4 ppm 750 pW 19.50
500 kSPS 0.5LSB, 8ppm 96.5 dB, 5.3 ppm 3.6 mw 18.00
250 kSPS 2.5LSB, 38 ppm 93.5 dB, 7.5 ppm 1.35 mW 6.50
250 kSPS 1LSB, 61ppm 85 dB, 20 ppm 1.25 mW 4.75

All products are pin-compatible in 10-lead MSOP or 10-lead 3 mm x 3 mm LFCSP.

analog is everywhere:

ANALOG
www.analog.com/pulsar-small DEV'CES
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Osram’s new LED technology combines breakthroughs in device

fabrication, optics, and packaging.

m RESEARCH UPDATE

BY RON WILSON

Osram, Fraunhofer up
for award for their bright ideas

Officials at the German Future
Prize (www.deutscher-zukun
ftspreis.de) have nominated
Osram GmbH and the Fraun-
hofer Institute for Applied Op-
tics and Precision Engineering
for this year's award for out-
standing technical achieve-
ment. The nomination cites the
two companies’ collaboration
in developing new technolo-
gies for high-intensity LEDs.
The president of the German
Federal Republic, Horst Kéhler,
will present the award.

The development attacks
the light loss that traditional
LED structures experience.
Traditionally, developers manu-
facture LEDs by growing what
will be the light-emitting layer
on a substrate, breaking up the
devices, and packaging the
layer still attached to the sub-
strate. In the new technique,
developers grew the light-
emitting layer and then coated
it with a thin reflective-metal
film. The developers then re-
moved the substrate, creating
a light-emitting crystalline lay-
er backed by a reflector. They
then mounted this film, reflect-
ing layer down, in an optical-
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ly efficient package, creating
an LED that radiates a much
higher percentage of its light
energy to the outside of the
package.

~Osram GmbH, www.
osram.com.

~Fraunhofer Institute for
Applied Optics and Preci-
sion Engineering, www.iof.
fraunhofer.de.

AmberWave to research
mesoporous materials

AmberWave Systems announced recently that it is entering

a joint-research and licensing agreement with the University
of California—Santa Barbara for exploration of mesoporous
materials. These materials constitute a broad class of
engineered materials that include silicas, refractory oxides,
carbons, and multicomponent composites, all of which are
highly porous. AmberWave builds the materials in single- and
double-digit-nanometer pore sizes. Researchers are just now
exploring the applications of the materials in electronics, but
possible uses include ultracapacitors, advanced batteries, and
fuel cells. In general, any electronic device that is sensitive to
the exposed surface area of an electrode or the porosity of

a membrane could potentially benefit substantially from this
previously arcane area of materials science. And the benefits
can be huge, at least in capacitor development, in theory
multiplying the surface area of electrodes by a large factor for
the same-sized sheet of material.

AmberWave, which began life as a gallium-arsenide-technol-
ogy developer, quickly developed that technology into a strong
intellectual-property portfolio in strained silicon. The company
also holds a key developmental position in aspect-ratio trap-
ping, a potential way to combine gallium-arsenide and silicon
materials to enable, for example, monolithic optoelectronic
systems.
>AmberWave Systems, www.amberwave.com.
>University of California-Santa Barbara, www.ucsb.edu.

MOBILE WIMAX MOVES A STEP CLOSER
WITH INTEROPERABILITY DEMONSTRATION

Many in the telecom industry view mobile WiMax, the extension of the fixed-WiMax
standard to serve mobile devices with broadband connectivity, either as a solid in-
terim step on the way to the full-mobile broadband-4G telephony or as an instance of
4G itself. If mobile WiMax represents a step closer to interoperability, consider that it
depends on technologies such as MIMO (multiple-input/multiple-output) transceiv-
ers, multiple antennas, and beam-forming algorithms to get as much bandwidth as
possible from every connection between the host and the terminal. But these tech-
nologies are still emerging, and some question exists about whether base-station
and terminal designers are developing compatible technologies.

Fujitsu Microelectronics America and Navini Networks are addressing this ques-
tion. They recently jointly announced that a Navini Ripwave MX8 base station suc-
cessfully communicated with a Fujitsu mobile-terminal reference design based on
the company’s MB86K21 802.16e-2005 chip. The connection employed Navini’s Smart
WiMax technology and the dedicated-pilot feature that the WiMax standard for
Wave-2 mobile devices specifies. It is unclear whether the test was static or allowed
motion of the terminal device, but the companies at least completed a connection us-
ing the beam-forming technology.

Fujitsu Microelectronics America, http://us.fujitsu.com/micro/wimax.
Navini Networks, www.navini.com.




65-inch signage display
(LK645D3LZ29)

Whatever you imagine, there’s a Sharp display to make it work.

LCDs are used in everything from handheld devices to wall-size displays, so it's essential
for engineers to have choices. Sharp has a tremendous breadth of display modules with
the performance specifications you need to make your design work—in sizes from 2.2 to
65-inches. And with a global supply chain and unparalleled support, Sharp will be there—
no matter where you are in the design process, or where you are in the world.

SHARP

MICROELECTRONICS
www.SHARPsma.com/LCD OF THE AMERICAS
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“A predictable supply of power, protected

from faults, is an essential ingredient of an efficient,

sustainable, manufacturing process.”

Control
the future

Welcome to a new era of Electronic Circuit
Control Technology from E-T-A.

A new reality that's driven by the need to develop
innovative circuit protection ideas for the future.

Where multi-tasking electronic circuit control
configurations seamlessly monitor and limit current
flow during circuit overloads. Design engineers
program breaker trip points to meet their specific
applications. Sensing circuits feed voltage values,
current flow, and circuit status back to central PLC's.

Incorporating these core abilities into your designs
will result in enhanced reliability and flexibility
throughout the life of the system.

With E-T-A the future looks “smart”. 4

For more information go to:
www.e-t-a.com/future

ERIF/AN

Circuit Protection & Control
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Aunt Judy:

SIGNAL INTEGRITY

BY HOWARD JOHNSON, PhD

Beware relatives’ repairs

Id Aunt Judy approaches you at a wedding reception
and, with a halting voice, says, “You know about com-
puters, right? Well, I've got this old eight-track-tape
player [or black-and-white television, turntable, or
whatever], and it isn’t working too well any more. Can

you take a look?”

Ridiculous? Yes, but try explaining to her the difference between the
high-speed-digital miracles you create at work and the old, transistorized

audio anachronism she wants you to
fix. You can’t. And you don’t really
want to. Aunt Judy expressed confi-
dence in your abilities, and this is not
the time to let her down. Fortunately,
I am here to give you some tips. [ have
a lot of experience in this area. (I have
a lot of relatives.)

Rule 1: Unless you have nerves of
steel, do the work at home, alone, and
away from the supplicant. Take your
time.

Rule 2: I know it is difficult, espe-
cially with “snap-together”-style plas-
tic cases, but try not to break the case
during disassembly. Keep some super-
glue handy. It must be fresh. I keep
mine in the refrigerator. For most plas-
tics, I like the kind of cyanoacrylate
glue—typically sold under trademarks
such as Superglue and Krazy Glue—
that comes with a glue activator.

Rule 3: Don’t lose any parts. Sweep
the floor before you start work. I work
on a table top made of white-board
material. [ write a note by each little
pile of screws that says where they go,
and I tape the screws to the table top.
Plastic bags and baby-food jars work
just as well.

Rule 4: Take pictures with a digital
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camera. You will later thank yourself if
putting the product back together be-
comes confusing.

Rule 5: Test one small section of
the product at a time. This step usual-
ly requires a signal source to stimulate
each section and a detector to observe
its output. When working on audio
products, for example, I use a small
voice recorder as the signal source and
a sensitive pair of headphones, with a
preamplifier if necessary, as a detector.
If you have an ac-coupled headphone,
you can use it to “listen” to hum on
the dc-power rails.

Rule 6: Cheat. If the product was
once popular, you can probably find
the schematics for it online. This
rule has a subrule: Never promise a
fix date. You need time to find those
schematics, advice, or whatever.

Rule 7: Buy a replacement on eBay.
Do not give Aunt Judy the replacement,
because she will know that it isn’t
hers. The new one will have scratch-
es in different places. Just use the re-
placement as a benchmark, compar-
ing the broken set against the original
in every particular. The replacement
also gives you a source of spare parts.
When you are done, throw it away.

/

You are not building an economically
efficient repair business here, just sav-
ing some face—and, possibly, impress-
ing your cute cousin.

Rule 8: In older transistorized prod-
ucts, the problem likely involves con-
ductive dirt, corroded connectors, or
a power-supply malfunction—that is,
unless someone has dropped or spilled
milk into the product. So, blow out
the dust with a can of compressed air,
scrub the board with a cleaner from
CRC Electronics (www.crc-electron
ics.com), polish all the connections,
and check the power supplies. Those
steps will fix 90% of your problems. For
the other 10%, you can go on the Web
to buy replacement drive belts and
needles for any turntable. And plenty
of people still sell old CRTs, and, yes,
you can still buy eight-track tapes.

Rule 9: To solve a power-supply
problem, first substitute a good exter-
nal supply. If the PCB (printed-cir-
cuit board) does not indicate the cor-
rect dc-supply voltage, then set your
external voltage at approximately 60
to 80% of the rating printed on the
bypass capacitors in the circuit. By
the way, old capacitors become high-
ly unreliable as they age. Some peo-
ple just replace them all as a precau-
tionary step.

Rule 10: Never accept Aunt Ju-
dy’s money. Doing so will lock you in-
to a lifetime of repair work with your
whole family. Instead, trade her for
something she’s really good at—like
baking cherry pies.EDN

AT EDN.COM >

Go to www.edn.com/071108hj
and click on Feedback Loop to post
a comment on this column.

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



It’s how Logitech
reinvented the
remote control.

Help.
What would you like to do?

Harmony 1000

Imagine if you could turn on the TV, start the movie and set up the sound all with one
touch of your finger. Imagine one touch to all your entertainment. That’s what Logitech
imagined. To create their newest activity-based universal remote control, Logitech turned
to Freescale. Freescale i.MX applications processors enable multi-functionality with low
power consumption, and helped Logitech create a scalable board for future generations.
By working with Freescale, Logitech literally put all our entertainment at our fingertips,
and made the world a smarter place. freescale.com/smarter

<@,

> freescale

semiconductor

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners.
©Freescale Semiconductor, Inc. 2007.
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Building bridges

ANALOG DOMAIN

echnological innovation during the second half of the
20th century came at an unprecedented pace, and, unlike
earlier times, many advances during this interval moved
rapidly into the broad consumer market. Because our so-
ciety, until that time, tended to wring the full value and
lifetime from a consumer good, marketers needed to gener-
ate sufficient excitement for new products to cause customers to switch

in advance of necessity: the origin of
the disposable economy.

Starting in the 1950s, advertising
copy used phrases such as “jet age,”
“atomic age,” and “Space Age” to con-
nect products to a societal image of
emerging and rapidly changing moder-
nity. Ironically, perhaps, none of these
phrases had much staying power save
one: the “digital age,” which, begin-
ning in the 1970s, correctly suggested
that associated goods weren’t simply
modern but were manifestly different
from products of earlier times.

Indeed, the digital abstraction has
revolutionized our industry, almost ev-
ery sector of our economy, and all but a
few aspects of our lives. Though the ef-
fects have been quite real, this abstrac-
tion is, as all are, strictly conceptual.
As a result, virtually every product de-
sign must bridge the digital abstraction
and the real analog world.

This requirement is remarkably frac-
tal-like: Layout considerations within
an IC, the interface between an IC
and its PCB, the PCB’s layout, the
product interface to points beyond the
box, systems of boxes, and networks of
systems all must contend with essen-
tially similar interface concerns. This
observation holds despite these items’
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Virtually every prod-
uct design must
bridge the digital
abstraction and the
real analog world.

enormously different scales, which can
span more than 10 orders of magni-
tude. It is also the case that, though
interface challenges grow with band-
width, the issue arises throughout the
spectrum.

A few considerations early in the
design phase can focus an interface
design. A consequence of the frac-
tal-like traits of interfaces is that you
can begin specifying interface require-
ments at the product-definition phase
and refine them at the block-diagram,
schematic, and simulation phases.

[ distinguish this process of design
refinement from iterative design—de-
sign refinement being a purposeful
process of design in phases, and itera-
tive design being a sequence of design
repairs. The first pass at the product-
definition phase should allow you to
establish a good rough estimate for an
interface’s cost, complexity, and de-
sign time. The first phase’s output can

/

BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR

serve as your check as an implementa-
tion takes shape at the block-diagram
phase. Disparities in cost or complex-
ity estimates from the first and second
phases serve as warnings against one of
three conditions:

e The interface design is heading off
into the toolies.

e The first phase failed to account
properly for all product-definition
requirements.

e Changes to the product definition
have made obsolete the cost and
complexity estimates, and these
estimates require updating as part
of your project-management ac-
tivities.

Make similar checks at subsequent de-
sign phases.

As a phase-one starting point, bear
in mind the signal-source, -line, and
-client attributes for each interface.
Despite your signal’s “digital” signifi-
cance, remember that interface behav-
iors are analog and multiparametric.
Take into account each line’s band-
width requirement, source impedance,
signal magnitude, and run length; the
characteristics of the connecting me-
dia; and the presence of noise sources
or interferers, all in the context of the
receiver-side circuit’s signal-fidelity re-
quirements. In the simulation phase,
compare the transmitter- and receiver-
side waveforms under the worst-case
combination of these measures. Con-
sider pre- and post-signal-conditioning
techniques to correct deficiencies. If
you delay these observations until pro-
totype evaluation, you may slip from
design refinement into a more costly
course of iterative design.EDN

Contributing Technical Editor Joshua
Israelsohn writes about analog and
power applications and technologies.
Contact him at jisraelsohn@ieee.org.

Go fo www.edn.com/071108ji and
click on Feedback Loop to post a
comment on this column.




Solve Input Power and Battery Charging

Challenges with One Flexible Chip

SMB137 Supports Any Input, Output or Battery Configuration.
Charging and Power Management -Without Extra Components

AC/DC Adapter .
P Handheld Device

up to 1400mA

| |
|
Any |n (‘::\\Il-g\fl\’/) l AC/DC Input 700-1400mA System Output up to 1400mA : c“rrentpath and
put —> | w Battery
Ac,Dc or USB \ | USE Input LBR Output 5.0V @ 500mA | LO
I 100/500/700-1400mA ﬂ I Recovery
usB Charger | Charging up to 1500mA 1S :
up to 1400mA 3 I USB-OTG 5.0V @ 500mA | gprp 102 —; 9 |
4.5V-5.5V (16V OVP) S <— 'l>?‘ |
of [ OTGILBR 750mA Li-lon (7) I er
USB-OTG T 1.5 Battery STt
POWQI' output 4?23’_2‘“5 v E L €—12C (optional)— AUSB i With TUIbOCharg
T ) |
|

Features

* CurrentPath™ for “instant-on” from dead battery
- Dual input USB or AC/DC with auto-select
- Dual output — System Output and Charger
* TurboCharge™* - 750mA from USB, 1.5A from AC/DC
* Low-Battery Recovery™ Mode* (LBR™) to “boot”
from dead battery and enumerate USB port
* USB On-the-Go (OTG) Power (+5V @ 500mA)
* I2C Programmable Input/Output/Charging Parameters
* Built-in OV/OC/Thermal/Timer Safety
- IEEE1725 Compliant

Reduce Charging Time by 50%
Cut Power Dissipation by 75%
Shrink Solution Size by 66%

USB2.0 Charge Time (1000mAh)

SMB137: 550mA-750mA TurboCharge
output for shortest charge time

Power Dissipation
(500mA Charge Current)

Linear Chargers: <500mA
for long charge time

Linear Chargers
1000mW

0 400 mw 800

0 Hours ¢ 1200 . 3mm x 3mm CSP Packaging
19 components
2 . .
8 components N 7>ﬂmL . Appllcatlons
_ 50mm? — —- E‘ g0 @‘ * Portable Media Players/Games
[ [11]
K %% ) « Handheld GPS Terminals
‘ £ 1] * Mobile/Smart Phones
BagE L =58 < ¥ T\
: — === * Digital Cameras/Camcorders
Summit SMB137 Competition's Charger + OTG "Extra

Charger + CurrentPath + OTG "PowerPath" Components”

*Patent(s) pending

Featuring MobileGreen™ Technologies
www.summitmicro.com/MobileGreen

For more information see:
www.summitmicro.com/SMB137

p SUMMIT

MICROELECTRONICS

Programmable Power for a Green Planet™



DANIEL VASCONCELLOS

TALES FROM THE CUBE BY JOHN LINSTROM ¢ S&K ELECTRONICS AND SUNSPOT

What color is 10 k()7

n the '80s, I worked for a company that made industrial com-
puters in an STDBus format. (It soon went to a single-board-
computer format.) My first major project was to migrate the
ADC on its ADC/DAC multi-I/O card from 12 to 14 bits.
The card design was flexible: It could handle 16 single-ended
or eight differential inputs, each over a range of 0 to 5V, 0
to 10V, =5V, or +10V, with an onboard cold junction for ther-
mocouples. The ADC inputs and eight-output, 12-bit DAC
were individually strap-programmable. Conversions and updates
were in the 100-kHz range, all under the control of an 8051
with a 64-kbyte EEPROM and 32-kbyte SRAM. So far, so good.

I found a multisourced ADC and
did some front-end work—the input
amps were LM324s, and the error bud-
get was wide. There were many choices
for lower-offset and lower-temperature-
drift parts at nearly the same price.
The layout of the programming straps
was not intuitive, and the user manual
got a few tweaks. We went through an
artwork spin and prototype build just
fine, but when we fired up the board, it
gave us 11 bits of solid data, maybe 12
on a good day. I finally narrowed down
the problem to microprocessor churn-

ing during analog-to-digital-conversion
cycles. We switched to a CMOS 8051,
put the digital side to sleep, and let the
“end-of-conversion” flag wake up the
microprocessor. Now, the team had 13
to 14 bits of solid data over the whole
input range and could honestly brag
about greater resolution in the trade
magazines. Orders followed, salesmen
were happy, and life was good.

It was good, that was, until we
couldn’t properly test and calibrate the
first batch of 25 boards. Now, the eager
customers and smiling salesmen started

turning up the heat. The team scoped,
metered, substituted parts, studied
the artwork, and checked the golden
board—following the drill every de-
sign engineer knows by heart—all for
naught. My handmade board worked
great, but all the production copies
tested in the weeds.

We used 4051-style data latches for
the channel selects, and I had normal-
ized-gain-set resistors with values of ap-
proximately 10 k(). The value was high
enough to swamp any changes in switch
resistance, low enough to keep down
resistor noise, and high enough to keep
bias currents and self-heating low. Plus,
it made the math easy. (In those days,
we still used through-hole parts.)

Staring at the good and bad boards
finally gave me the “smack upside
the head.” The 10-kQ-resistor code,
as every good design engineer knows,
is brown-black-orange followed—you
hope—by a tolerance band. The bad
boards were stuffed with a mix of 10-k{)
and 300() resistors! [ had stared at the
problem so long, expecting something
immense, that [ had blown right by the
obvious. Backtracking the trail of de-
struction unraveled the whole tale. The
people who built the units didn’t know
resistor codes from Morse code; they
stuffed in whatever was in the correct
pick bins. The stockroom used kits from
bins that incoming inspection filled. My
computer bought from reputable dis-
tributors but reserved incoming tests for
items more costly than 2-cent resistors.
I checked the stocking bins and found
a 60/40% mix of 10-kQ) and 300€) re-
sistors. We were thankful that no other
bins fell prey to the same confusion. We
had a heart-to-heart talk with the buy-
ers, engineering staff, and production
team. | don’t think anyone learned the
resistor color code that didn’t already
know it, but everyone learned how to
identify correct parts.EDN

John Linstrom is a design engineer
with S&K Electronics and works for
his own company, Sunspot, in his spare
time. Like John, you can share your
tale and receive $200. Contact Maury
Wright at mgwright@edn.com.
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LOW-COST-VERSUS-

HIGH-END SHOWDOWN

BY MICHAEL SANTARINI = SENIOR EDITOR

Ithough the market for high-end, high-priced
SRAM-based FPGAs has matured into a gen-
tlemanly duel between FPGA veterans Xilinx
Inc and Altera Corp, the emerging low-cost-
FPGA market has turned into the FPGA in-
dustry’s version of the Gunfight at the OK Cor-
ral. Companies including Lattice Semicon-
ductor and Actel Corp are fighting it out with
each other as well as with Xilinx and Altera,
increasingly adding advanced functions—traditionally the prov-
ince of high-end, high-priced FPGAs—to their low-cost-FPGA
families. In the very-high-end-FPGA market, customers mainly
have a choice between either Xilinx’s Virtex devices or Altera’s

Stratix family. In the low-cost-FPGA  many vendors fighting it out for FPGA

market, however, customers have many
more choices and benefit from the
stepped-up competition between the

revenue. Today, customers can buy 1
million-gate FPGAs with high-speed I/O
and processor or DSP capabilities for

GREENHORNS IN THE HIGH-END-
FPGA MARKET, LATTICE AND ACTEL
ARE SHOOTING IT OUT AGAINST OLD
HANDS XILINX AND ALTERA IN THE
BATTLE FOR LOW-COST DEVICES.

Noorn

for FPGAs:

much less than $100 in low volumes and
for tens of dollars in high volumes.

This competition has benefited us-
ers but has—and at least temporari-
ly—come at the expense of the FPGA
industry’s overall revenue. The media
has widely covered the FPGA industry’s
success at the ASIC market’s expense,
replacing sockets that ASICs tradition-
ally held. During the past year, however,
the FPGA industry has had a dose of its
own medicine, as the low-cost-FPGA
market has quietly begun to take socket
wins—and, thus, revenue—away from
the high-end-FPGA market.

Bryan Lewis, research vice president
with research company Gartner, notes
that the FPGA industry has since 2002
sold a steadily increasing number of de-
vices. However, Gartner predicts that
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the FPGA industry will show a decline
this year, due in part to low-cost FPGASs’
replacement of sockets that high-end
FPGAs traditionally held. “Low-cost-
FPGA units are ramping fast, but their
lower ASPs [average selling prices| are
clearly having an impact on the dollar
growth of the overall FPGA market,”
says Lewis. “In fact, we now forecast
2007 FPGA/PLD [programmable-logic-
device] revenues to decline 1.9%.” That
anticipated decline is not due entirely
to FPGA-industry cannibalism, he says.
In 2007, the FPGA market underwent
“the perfect storm,” says Lewis, simul-
taneously experiencing inventory, cus-
tomer-consolidation, and pricing issues.
He expects overall FPGA/PLD-market
revenue to come roaring back in 2008 to
post 14.4% revenue growth (Figure 1).

But the two biggest upstarts—and,
some would say, spoilers—in the low-
cost-FPGA market are Actel and Lat-
tice, which are maintaining their push
to add high-end functions in their low-
cost devices, putting severe price pres-
sure on Xilinx’s and Altera’s high-end
FPGAs. Both Actel and Lattice claim
that the large FPGA vendors have tradi-
tionally deliberately withheld high-end
functions from their low-cost FPGAs to
force users to buy their typically three-
times-more-expensive high-end FPGAs.
Both upstarts claim that the high-end-
FPGA vendors are starting to buckle un-
der the pressure, and one of the first signs
of this surrender is Altera’s latest product
introduction, the 90-nm Arria GX. The
upstarts claim that Arria GX is simply a
90-nm Stratix 11 GX device with a dif-
ferent package. Although Altera con-
cedes that it based Arria GX on a Stratix
II GX architecture, the company says
that the Arria GX lacks some of the fea-
tures and performance of the Stratix II
GX device. The company claims that it
merely slimmed down the Stratix II GX
to meet the right mix of performance,
power requirements, and price to fulfill
the needs of the market with the Arria
GX. The Arria GX’s price falls between
the company’s low-cost Cyclone and its
high-end Stratix devices. “Lattice has
changed the playing field for the SRAM
guys,” says Martin Mason, director of sil-
icon-product marketing at Actel. “It’s a
market that Actel has not historically
played in. But Altera and Xilinx have
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AT A GLANCE

B Low-cost FPGAs generally
target use in products, rather than
as FPGA-prototyping vehicles.

B Xilinx introduced the first low-
cost FPGAs in 1998 and reports
that Spartan has produced $2.1
billion in cumulative revenue with
a compound-annual-growth rate
of 36.2% from fiscal year 2000
through 2006.

Bl Customers are now replacing
high-end-FPGA sockets with low-
cost-FPGA sockets in much the
same way that FPGAs once
displaced low-end ASICs.

Research company Gartner
predicts that FPGA/PLD (program-
mable-logic-device) revenues will
decline 1.9% in 2007, due in part
to FPGA cannibalism.

B Low-cost FPGAs are fine for
some applications, but some
FPGAs require extra power circuitry
that may add to the overall cost of
a system.

Customers should also take into
account the FPGA vendor's EDA-
tool set when shopping for low-cost
FPGAs.

sold a lot of high-end devices into the
market for high-speed I/O, and Lattice
went in there overnight and took out
one digit from the amount people could
charge for high-speed SERDES [serializ-

er/deserializer] products. I'm sure Xilinx

and Altera are furious over the impact
that [move] is having on the high-end
business.”

Mason believes that the high-end-
FPGA vendors are now experiencing
a classic example of the innovator’s di-
lemma (Reference 1). “You have this
market, you're getting fat and happy in
it, and someone comes in with a disrup-
tive technology and starts taking mar-
ket share away from you. Do you go in
and try to compete with them by lower-
ing your prices? If you do, then you ac-
tually trash the market that has gotten
you where you are,” says Mason. “All of
us in the FPGA market have been do-
ing that to the ASIC market, but both
we and Lattice have little to lose and ev-
erything to gain by introducing disrup-
tive technologies against the Big Two in
FPGAs.”

Xilinx and Lattice are not throwing in
the towel, however. Neither is content
to simply replace high-end-FPGA sock-
ets with low-cost FPGAs, and neither
plans to reduce the prices of their high-
end FPGAs to fend off competition from
low-cost FPGAs. Each instead hopes to
serve markets that FPGAs have not tra-
ditionally served (see sidebar “Low-cost
FPGASs seek new markets”).

A LITTLE HISTORY

In 1998, Xilinx introduced the first
low-cost FPGAs, the Spartan family,
and aimed it squarely at replacing ASICs
for production parts. Before the product’s
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Figure 1 Research company Gartner predicts that FPGA/PLD revenue will decline
1.9% in 2007 in part because low-power FPGAs are taking market share away from
high-end FPGAs. But Gartner predicts that the FPGA revenue will spring back to grow

14.4% in 2008.
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release, IC-design engineers had used
FPGAs mainly for prototyping ASIC
designs and would ultimately implement
those designs in cheaper, faster, higher
capacity ASICs. In those days, PLDs
lacked the performance, capacity, and
power requirements for use in end prod-
ucts, and, more important, they were
too expensive. At the time, many PLD
vendors also offered low-cost CPLDs
(complex PLDs), but performance and
capacity limitations hampered—and
still hamper—those parts. Still, some
customers used them in sockets that old-
er and less sophisticated ASIC devices
traditionally held.

The Spartan family, however, opened
a new market and offered formidable
capacity, performance, and numbers of
functions at a reasonably low price and
thus started to displace midrange ASICs
in end products. This scenario was espe-
cially true in applications that required
versatility and reprogrammability and
those requiring too few units to justify
the cost of spinning an ASIC. Xilinx

THE SPARTAN FAMILY
OPENED A NEW
MARKET AND OFFERED
FORMIDABLE CAPA-
CITY, PERFORMANCE,
AND NUMBERS

OF FUNCTIONS

AT A REASONABLY
LOW PRICE.

has shipped more than 230 million de-
vices worldwide, according to Mark Mo-
ran, senior strategic-marketing manager
for the General Products Division at the
company. Those sales have yielded $2.1
billion in cumulative revenue with a
compound-annual-growth rate of 36.2%
from fiscal year 2000 through fiscal year
2006.

As foundries have introduced semi-
conductor processes that are more dif-

ficult to manufacture and more expen-
sive to design, both the low-cost-FPGA
and the high-end-FPGA markets have
grown and have grabbed more sock-
ets away from the ASIC market. When
Xilinx jumped into the low-cost-FPGA
market, Altera, Actel, and Lattice soon
followed. The first devices they offered
were traditional sea-of-gate devices
that consisted mostly of reprogramma-
ble logic. But, as new market opportu-
nities opened, most of the FPGA ven-
dors started to add hard-wired functions,
such as microprocessors; DSPs; memory;
high-speed SERDES; and support for
popular interfaces, such as PCle (Pe-
ripheral Component Interconnect Ex-
press), to their architectures to capture
specific markets and one-up competitors
in not only the ASIC market, but also
the FPGA market.

The low-cost-FPGA shoot-out has
indeed escalated the size, performance,
low-power requirements, and number of
advanced functions these devices have,
yet they maintain a price that allows

SRAM FPGAs found their first big successes mainly as
glue logic, helping ASIC designers add functions at the
last minute that they accidentally omitted, for example, or
facilitating communication between processors and mem-
ory in telecom and networking systems. FPGAs vendors
then started adding RapidlO blocks to their FPGA archi-
tectures and realized further success in markets such as
telecom and communications. They then added proces-
sors, DSP capabilities, and security.

You can now find low-cost FPGAs everywhere-at home,
in your automobile, at work, and in various industries, ac-
cording to Mark Moran, senior strategic-marketing man-
ager for the General Products Division at Xilinx. The mar-
ket for consumer products, such as set-top boxes, is now
perhaps the biggest market for FPGAs. It was also one of
the first segments in which Altera saw big success with
its low-cost FPGAs, according to Danny Biran, senior vice
president of product and corporate marketing at the com-
pany. “Customers in this market traditionally release 10
or more models a year, and they can customize FPGAs
to suit not only each product line, but also each unit,” he
says. For example, each TV manufacturer can use FPGAs
to fix pixel, color, or shading problems on a case-by-case
basis. The devices also find use in data conversion for mo-
dems and set-top boxes. “The next generation of devices
in these areas will become even more integrated and re-
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LOW-COST FPGAs SEEK NEW MARKETS

quire even more FPGAs,’ say Moran, noting that some TV
vendors are starting to include DVR (digital-video-record-
ing) functions in their HDTVs (high-definition televisions).

FPGAs have also found great wins in the automotive
market. Initially, FPGAs counted success in GPS (global-
positioning-system) navigation and back-seat DVDs in a
mix of after-market and OEM products. However, as ven-
dors offer more nonvolatile devices to their lineups, low-
cost-FPGA use in automobiles is expanding beyond in-
fotainment and GPS units. For example, Actel’s products
are now finding use in automotive backup-safety systems,
cameras, and power-train systems. In most of these cases,
FPGAs are displacing ASICs or eliminating the need for
multiple discrete devices on a PCB (printed-circuit board),
saving board space. In others, low-cost FPGAs are replac-
ing high-end FPGAs.

The market for systems that operate in the ISM (indus-
trial/scientific/medical) frequency band is probably the
biggest battleground between high-end FPGAs and low-
cost FPGAs. The big trend in this area is toward wireless
and battery-powered systems, so the requirement for low
power consumption plays a large role. “It forces custom-
ers into a value-based play because the high-end-FPGA
power hogs use a lot of static and dynamic power and are
unsuitable for applications that are going portable for the
first time,” says Mason.
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customers to justify using the devices
rather than ASICs, standard-cell ASSPs
(application-specific-standard products),
or implementations that combine dis-
crete functions on PCBs (printed-cir-
cuit boards). Creating low-cost FPGAs
for emerging markets is difficult, and all
the players offering low-cost FPGAs say
it’s a balancing act to keep raising the
bar on performance and features in ev-
er-more-expensive process technologies.
They must achieve this goal while keep-
ing prices low enough that customers
will find their devices attractive as pro-
duction parts, rather than as prototyping
parts for ASICs.

It’s a balancing act for FPGA custom-
ers, too. Although an FPGA may have
a lower per-unit cost than an ASIC,
customers must look closely at each de-
vice’s system requirements. Actel’s Ma-
son, for example, is quick to point out
that SRAM FPGAs remain power hogs
and typically require users to add extra
power-control circuitry and power bricks

to their PCBs to run SRAM FPGA:s.

MOST FPGA-MARKET
PUNDITS WILL LIKELY
AGREE THAT THE FPGA
INDUSTRY AS A WHOLE
IS TODAY FIELDING A
BRILLIANT ARRAY OF
LOW-COST DEVICES
FOR A GROWING
NUMBER OF APPLICA-
TIONS AND MARKETS.

Some also need external boot-up mem-
ory, which may require users to buy an
external boot device or to increase the
boot-up requirements of their targeted
processors. Customers for SRAM-based
FPGAs must also heed the rule of 80%;
that is, they must buy an FPGA that
has 20% more gates than they require
if they intend to hit the FPGA vendor’s

advertised performance grade (Refer-
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ence 2). Altera’s senior vice president
of product and corporate marketing,
Danny Biran, and Xilinx’s Moran, al-
so point out that EDA software is a big
differentiator in this market and that
the smaller vendors’ design software
lags behind the offerings of the big ven-
dors. Biran also notes that transceiv-
er-targeted FPGAs typically add com-
plexity to users’ system designs; thus,
FPGA vendors attacking this market
must also offer software to help design-
ers adequately program the devices into
their systems. “If you look at the ven-
dors offering these types of devices and
then you look at the software they offer
with the devices, it’s again a Coke-and-
Pepsi market,” says Biran, referring to
the long-standing so-called Cola Wars
between Coca-Cola and Pepsi (Refer-
ence 3), an analogy describing the sit-
uation when two companies—in this
case, Xilinx and Altera—dominate a
mature market.

Although designers should be aware
of some facts when shopping for devic-
es in the low-end market, most FPGA-
market pundits will likely agree that
the FPGA industry as a whole is today
fielding a brilliant array of low-cost de-
vices for a growing number of applica-
tions and markets. Table 1, available at
the online version of this article at www.
edn.com/071108df1, lists the latest low-
cost-FPGA offerings from Actel, Altera,
Lattice, and Xilinx. “You can get a lot of
cool stuff for less than $20,” says Actel’s
Mason.

THE OLD-TIMERS

First, take a look at what the old
hands have to offer. Xilinx offers the
Spartan, Spartan-2, and Spartan-3 gen-
erations of its high-pin-count, high-den-
sity, low-cost-FPGA device. With the
introduction of each successive genera-
tion, Xilinx has broadened its portfolio
to capture new markets. Of the FPGA
vendors offering low-cost FPGAs, Xilinx
has the broadest portfolio, fielding five
versions of its 65-nm SRAM-based
Spartan-3 family and multiple densi-
ties and speed grades for each version.
The logic-optimized Spartan-3E is a tra-
ditional sea-of-logic-gates FPGA. The
Spartan-3A targets I/O for high-speed
applications, and the Spartan-3A DSP
targets DSP applications. The newest
addition to the lineup is the Spartan-
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3AN, which is essentially a Spartan-3E
that Xilinx couples with a flash on an
SIP (system in package) for nonvola-
tile-system applications. Although each
device targets its own market segment,
each shares flexible power-management
modes for low cost, along with “device-
DNA” security technology, which helps
customers prevent theft of their designs.

As for the other veteran in the mar-
ket, Altera offers its low-cost, SRAM-
based Cyclone FPGA family, which
debuted in 2002 in a 130-nm-process
technology. The company in 2004 in-
troduced the 90-nm Cyclone II and, in
2007, the Cyclone III in TSMC’s (Tai-
wan Semiconductor Manufacturing Co,
www.tsmc.com) 65-nm LP (low-power)
process technology. As of press time, Al-
tera offered eight speed grades of its Cy-
clone III products ranging from 5000 to
120,000 logic elements, with as much
as 4 Mbits of embedded memory and as
many as 288 DSP multipliers running at
260 MHz.

This year, the company also intro-
duced its Arria line of FPGAs to target

users needing reprogrammable devices
with highly functioning, relatively low-
cost transceivers. Arria GX has a higher
price and better performance than Cy-
clone because it supports three proto-
cols: PCle, GbE (Gigabit Ethernet), and
SRIO (Serial RapidIO).

Arria GX and the high-end Stratix II
GX use the same logic fabric, transceiv-
er technology, and process technology,
but they differ in a number of ways: Ar-
ria GX is slower and is available in lower
cost packages, and its transceivers sup-
port speeds of only 2.5 Gbps and have
fewer functions. For example, Arria GX
devices lack support for adaptive equal-
ization, a feature you'll find in Altera’s

high-end Stratix II GX.
ENTER THE UPSTARTS

Lattice jumped into the low-cost-
FPGA market at the end of 2002 with
its 130-nm ECP (Economy Plus) fam-
ily. The company last year followed
up that introduction with the 90-nm
ECP2 family and then this year with
its ECP2ZM family. ECP2M adds two

significant high-end features to the
low-cost-FPGA market: hard-wired 3-
Gbps SERDES and as much as 5 Mbits
of on-chip memory, supporting DDR
and DDR2 1/O, SPI (serial-peripheral-
interface) 4.2 1/O, and hard-wired DSP
support. Lattice also offers the XP and
XP2 families, which debuted in 2005
and February of this year, respective-
ly. The XP2 family marries an SRAM
ECP2 architecture with a bank of flash
memory on one die. “We are trying to
make the SRAM-based FPGA plus its
associated boot-flash memory about the
same price as its equivalent nonvolatile
product,” says Gordon Hands, director
of strategic marketing an Lattice, who
notes that the XP is similar to Lattice’s
original ECP family and that the XP2
is similar to the ECP2 devices but with
slightly smaller density.

While Xilinx, Altera, and Lattice
battle it out in low-cost, SRAM-based
FPGAs, Actel, which offers flash-based
devices, is content to broaden its low-
cost-FPGA-market reach into applica-
tions requiring security and low power
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For more on FPGAs, see David
Marsh’s article, “Low-cost Kits: the new
FPGA-designer trend,” at www.edn.com/
article/CA6391429.

Go to www.edn.com/071108df1
and click on Feedback Loop to post
a comment on this article.

consumption. Flash-based FPGAs have
traditionally been slower than SRAM-
based FPGAs, but flash-based devices
consume less power and are more secure
than SRAM-based devices. The compa-
ny’s low-cost ProASIC3 FPGA focuses
on the combination of low power, secu-
rity, and relatively high density and is
available in seven versions, with densi-
ties of 30,000 to 1 million system gates.
The company based its flash-based Ig-
loo FPGA family, which debuted last
year, on the ProASIC3 but with add-
ed modes to further reduce power. The
smallest device in the Igloo family, the
AGLQO30, can operate on as little as 5
wW, and the largest device operates at
less than 1 mW, which is two or three
orders of magnitudes lower than its
SRAM competitors.

Actel also has an agreement with
ARM (www.arm.com) that allows us-
ers to place a hardened ARM7 core on
Actel’s FPGAs for very-low-power use.
“When you put an ARM processor on
the device, you can get as low as 24-pA
standby current for that implementa-
tion. The business model allows Actel
to provide the ARM processor to cus-
tomers free of royalty, licensing, and
price,” says Actel’s Mason.

Quicklogic no longer considers it-
self an FPGA vendor, but its low-power
PolarPro and ArcticLink CSSPs (cus-
tomer-specific standard products) are
worth mentioning. The one-time-pro-
grammable devices function as extreme-
ly low-power “sandman” devices—turn-
ing off power to parts of handheld sys-
tems when they are not in use, thus con-
serving a given system’s overall power
consumption. The PolarPro devices
boast 10 WA of static-power consump-
tion, 15 mA of active-power consump-
tion, and 10 wA of dynamic-power con-
sumption. ArcticLink devices essential-

ly marry a PolarPro programmable array
with hard-wired functions on a die tar-
geting markets for low-power systems.

THE MEASURE OF SUCCESS

Opverall, in recent years, the FPGA
industry has done remarkably well tak-
ing share away from the ASIC market
and giving users a very-low-cost and
relatively stable alternative for quickly
designing innovative next-generation
products. Historically, customers, the
media, and the financial community
have measured FPGA -vendor success by
a company’s ability to be first to market
with high-end devices on the latest sil-
icon processes. However, as companies
such as Lattice and Actel introduce low-
cost devices with high-end features and
increase pressure on Xilinx and Altera
to follow suit, industry participants may
soon define FPGA success by a vendor’s
ability to serve emerging markets with
the right mix of features, performance,
power savings, and price that customers
find reasonable for production use.EDN
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BY RON WILSON < EXECUTIVE EDITOR

he SOC (system on chip) began life in the
image of the board-level computers that
preceded it: as a central processor that a
CPU bus connected to local memory and
peripheral controllers. That CPU-centric,
bus-oriented architecture has since been
the underlying plan for many SOCs. But
integration has brought complexity in the
form of complex peripherals with their own
DMA (direct-memory-access) controllers, coprocessors, and
additional central processors, all on the same die. Accord-
ingly, the interconnect architecture of SOCs is changing.
The old CPU-centric bus is fast retreating to within the
functional blocks of the chip; multiple buses, specialized
point-to-point links, and on-chip networks are replacing it.

TRAFFIC
MANAGEMENT:
A GROWING

1GHTN

CONNECTING THE
BLOCKS:ON SOCs
IS BECOMING A
PRIMARY. PROBLEM
IN ADVANCED-
CHIP DESIGN.
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Change is rapid, and architects are nearly
unanimous in worrying that the change
has far outrun the tools necessary to sup-
port it. “Today, we still see a number of
classic SOC designs, with an ARM core,
peripherals, and a memory interface,”
observes Hugh Durdan, vice president
of marketing at ASIC supplier eSilicon.
“Even when these designs grow to include
multiple processing cores, they often
stick with the classic AMBA AHB [Ad-
vanced Microcontroller Bus Architec-
ture Advanced High Performance Bus]
structure.”

But there are growing indications that
the centralized-bus approach to SOC
interconnect is simply running out of
steam (see sidebar “Is the problem bus
bandwidth or processor bandwidth?”).
This problem appears to be partly archi-
tectural. As the number of processing
nodes on a chip increases and as the data
traffic that those nodes generate or con-
sume grows and becomes more varied,
the simple demand for raw bandwidth
becomes a problem (Figure 1). Yes, it
is possible with nine layers of metal and
statistical-timing tools to give a multi-
master bus almost-arbitrary bandwidth.
But the costs in layout complexity, sig-
nal-integrity analysis, power consump-
tion, and congestion—especially in this
day of stringent design-for-manufactur-
ing rules—make this approach nearly
intractable.

In part, too, the problem involves
tools. The classic tool for provisioning
the classic SOC bus is, to put it bluntly,
Microsoft Excel. In simpler times, archi-
tects could just add up aggregate-band-
width requirements of the blocks on the
bus, add in a bit of head room to account
for times of peak congestion, and use
the sum to determine the necessary bus
bandwidth. Available bus bandwidth so
exceeded the needs of individual blocks
that a problem was almost mathemati-
cally impossible.

But those days are gone. “You really
can’t tell anything from aggregate-band-
width estimates any more,” warns Silis-
tix’s vice president of marketing, David
Lautzenheiser. Just as the centralized bus
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is rapidly giving way to more complex
interconnect architectures, the spread-
sheet is yielding to a more complex brew
of system-level modeling, statistical
tools, and cycle-accurate models that
the skill and patience of the architects
bind together.

ASSESSING THE PROBLEM

Aggregate bandwidth isn’t the right
question, and a centralized bus isn’t al-
ways the right answer for two main rea-
sons. First, traffic can differ enormously
in its characteristics. Second, functional
blocks can differ just as much in their
data and timing needs. The problem of
analyzing and provisioning on-chip in-
terconnect is not a matter of provid-
ing enough for everyone to be happy
but rather providing just the right kind
of interconnect between just the right
blocks. Often, you can achieve that goal
with a bus. If you can’t, myriad other
techniques present themselves. A mul-
timedia SOC well illustrates the variety
of data flows a designer must face. To
begin with, a CPU will usually turn up
somewhere. That CPU will produce at
least two data flows with distinctive sig-
natures: the continual fetching of new
instructions and the sporadic two-way
traffic of load and store operations.

Caches in the CPU block usually
modify this traffic pattern. So, the traf-
fic pattern from the CPU core is a ran-
dom scattering of bursts as the caches
empty or fill lines. This scenario dif-
fers greatly from the traffic signatures
that emerge from other devices. A base-
band signal in a radio SOC, for exam-
ple, looks like a word or two of data at
regular—sometimes very short—inter-
vals from an ADC. Video entering from
a camera or DVD player looks similar.
But the intermediate data that the vid-
eo-compression engine pushes to local
memory can look like a series of macro-
blocks that the engine stores and loads
in a nearly random sequence rather
than a stream of pixels that the scan
line organizes. Each type of data has a
natural signature. And, as in the case of
CPU cores, local memory and state ma-
chines can alter this signature.

BANDWIDTH AND LATENCY

Just as kinds of traffic have signa-
tures, kinds of functional blocks have
personalities. CPUs, hard-wired signal-
processing pipelines, video encoders,
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AT A GLANCE

B SOCs (systems on chips) are
outgrowing centralized-bus-based
architectures.

Bl Accurate use models are vital
to understanding traffic patterns.

Bl A combination of ESL (electron-
ic-system-level) and cycle-accurate
approaches is necessary to under-
stand interconnect.

Bl As SOCs evolve, interconnect
modeling will become mandatory.

serial ports, and DRAM interfaces all
have different needs and wants. Despite
all the focus on the bus bandwidth sur-
rounding them, “processors are notori-
ously sensitive to latency, though their
bandwidth requirements are modest
when compared with some of the band-
width hogs,” observes Gideon Intrater,
vice president of solutions architecture
at MIPS Technologies. A CPU’s cache
controller may not often ask for data,
but, when it does, the whole CPU may
be sitting there waiting.

In contrast, some functional blocks

are just interested in raw bandwidth.
“These [products] include high-perform-
ance networking devices—PON [pas-
sive optical networking] is a great exam-
ple—video engines, such as MPEG en-
coders in DVD recorders and H.264 de-
coders in HDTVs, and imaging engines,
such as the rasterizers in printers and
the JPEG encoders in digital cameras,”
Intrater says. “Fortunately, in most sys-
tems, the bandwidth hogs are less sensi-
tive to latency, and processors that are
sensitive to latency are not much in the
way of bandwidth hogs.”

Beyond this distinction, there are
blocks with special requirements. Imag-
ing or video processors that work with
discrete cosine transforms typically pro-
cess pixels in macroblocks—often an
8X8-pixel square of information—and
so need to be able to easily load and
store these blocks without explicitly
gathering or scattering the pixels across
a scan-line-oriented memory.

But the grand prize for fussiness has
to go to that ubiquitous memory ele-
ment, the DRAM. With a complex
synchronous interface and a segment-
ed memory array that imposes a signifi-
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Figure 1 Raza Microelectronics’ XLR processor architecture suggests how far SOCs
have departed from the classic CPU-centric, bus-based interconnect scheme.
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Figure 2 Today's high-end DRAM controllers have become list processors with queuing, reordering, and quality-of-service functions.

Unfortunately, although these strict re-

In simple language, then, the goal of

cant latency for issuing requests in the

wrong sequence, DRAM offers an ef-
fective bandwidth that can vary enor-
mously, depending on how you access it.
In many cases, only one organization of
read and write requests can provide any-
thing close to theoretical throughput.

By Chris Rowen, Tensilica Inc

As communications and media-stream data
; rates increase, most chip designers quickly
s recognize that data bandwidth is a key fac-
tor in design success. Tensilica’s experience
with more than 100 multiprocessor-chip designs suggests
some basic ideas to untangle the bandwidth confusion.

For example, inadequate data communications causes
a shortage of raw bandwidth-the total sustained-band-
width demands for data communications for 1/0, off-chip
memory, and bandwidth between on-chip blocks exceed
the maximum sustained bandwidth of the interfaces. It
also causes excessive latency. The worst-case or typical
latency for access to data causes data starvation under
some important circumstances, such as when inadequate
overall bandwidth adds contention latency.

The bottlenecks in communications appear in multiple
places in the design. The three most common locations
are at the off-chip memory controller; across the on-chip
bus, especially when there are multiple masters, particu-
larly processors and DMA controllers, accessing multiple
slaves (memories and 1/0 interfaces); and at the interface
between the processor and the bus.

The processor-bus bottleneck relates to the peak data-
transfer rate across the interface, which is often close to
the peak on-chip bus bandwidth. The bottleneck also re-
lates to the rate at which you can move data from remote
memories across the on-chip bus or from off-chip; into lo-
cal memory; into and out of processor registers; through
local memories; and out to remote memories. With a tra-
ditional RISC processor accessing data across an on-chip
bus, this data movement might take 10 to 20 processor cy-
cles per 32-bit data word, even if the data is already on-chip
and the processor does not modify the data along the way.
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quirements are reasonably well-matched
to the traffic pattern from a CPU’s L2
cache controller, they don’t even resem-
ble the aggregate-traffic pattern when
several dissimilar processors are all shar-

ing a DRAM port.

IS THE PROBLEM BUS BANDWIDTH OR PROCESSOR BANDWIDTH?

interconnecting architecture is: Adapt
the traffic patterns to the needs of the
client blocks so that all data arrives in
adequate time with minimum expend-
ed energy. Within the constraints of the
architects’ knowledge of the traffic and

You can break the processor-bus bottleneck in two
ways. First, using a second bus master, such as another
processor or a DMA (direct-memory-access) controller,
to move the data into and out of the first processor's lo-
cal memory can partially relieve the bottleneck. However,
RISC's 32-bit registers and load-store register remain
problems. Second, you can extend the processor inter-
face to permit high-bandwidth data streams to bypass
the bus-interface bottleneck. Processors with direct-
connection ports and queues can move an order-of-
magnitude more data through processor execution units
than RISC processors.

Bus and nonbus interconnect can work in harmony in
complex chip designs. Best practices suggest that, when
a designer knows that a pair of subsystems requires high
interconnect bandwidth and well-bounded latency, he
should establish an optimized path between them. Other
communications, including communications of the two
sensitive subsystems, can safely use a common multi-
master/multislave on-chip bus for less bandwidth and
latency-sensitive data movement. This separation retains
the generality of the common bus but reduces the risk
of contention surprises, eases modeling, and enhances
performance scalability of the platform.

Optimizing communications for the high-bandwidth
links also helps energy efficiency. Direct connections,
such as processor-to-processor-communications queues,
often use 10 times less energy per data transfer than the
equivalent bus-based transfer.

AUTHOR’S BIOGRAPHY
Chris Rowen is president and chief executive officer of
Tensilica Inc.
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clients and the power of their tools, this
description fairly depicts what happens
today. But those are serious constraints.
The first problem is that, to understand
traffic patterns, the architect must un-
derstand usage models for the completed
system, Lautzenheiser points out. “Use
profiles are important here, and they in-
volve the intangibles of user perception.
In a handset displaying video, the crite-
rion for success may not be how many
megabytes per second a bus delivers to
the video decoder, but rather whether
the user thinks his display seems to twin-
kle. Predicting such qualitative user per-
ceptions requires searching out those un-
anticipated use models that put the most
stress on the system interconnect. And
[completing this task] before you can put
a physical prototype in the hands of a
real user requires system-level modeling.”

In fact, this area may be the one place
in system design in which the elusive
ESL (electronic-system-level) tools have
established a firm role. “It is best if the
system architects can begin modeling da-
ta flows even before the IP [intellectual-
property] blocks themselves are fully de-
fined,” says Charlie Janac, president and
chief executive officer of interconnect-
IP company Arteris. “The data flow in a
real sense defines the chip.”

With these ideas in mind, Lautzen-
heiser and other experts suggest an ar-
chitectural design flow that begins
at the conceptual level: What blocks
should connect to what? From this sim-
ple connection diagram, the flow then
attempts—using ESL modeling of the
blocks and the best possible informa-
tion on use models—to quantify the
data flows as to volume, signature, and
client requirements. Finally, the archi-
tects attempt to prove that the on-chip
interconnect meets these criteria. But
this process is iterative. “There are al-
ways surprises,” Lautzenheiser says. “The
trick is to have an easy path between
architectural design and implementa-
tion so that you can iterate quickly, and
an underlying scheme that is extensible
enough to accommodate changes with-
out major architectural revisions.”

LINKING AND SHAPING

There are two fundamental tools for
building the on-chip network: links and
shaping resources. Links provide a data
pathway between blocks. You can imple-

Go to www.edn.com/071108cs
and click on Feedback Loop to post
a comment on this article.

ment them as a portion of a shared bus,
as a dedicated connection, as a pathway
in a switched network, or in more cre-
ative ways. Shaping resources include
caches, FIFOs, queuing engines, and re-
order buffers. Perhaps the easiest way
to move from a classic CPU-bus archi-
tecture to a more powerful approach is
to segment the buses. “In media SOCs,
you can [achieve this goal] by dividing
the traffic into low-latency transactions,
high-bandwidth transactions, and less
critical peripheral transactions,” suggests
Janac. Then you can provision each type
of transaction separately, even if doing so
means multiple bus connections on some
blocks. Brian Gardner, vice president of
IP products at Denali Software, points
out that this approach not only places
each type of traffic on a physical medium
appropriate to it, but also connects data
flows that you can model in similar ways,
substantially increasing modeling accu-
racy for the resulting link.

The result of this process is often a hi-
erarchy of interconnect links, Lautzen-
heiser says. This result is rather clearly
visible in the Raza Microelectronics net-
work processor (Figure 1). A similar
pattern emerges when you look inside
some functional blocks—for instance, at
the interconnect within a modern CPU,
such as the ARM Cortex A9. Here, pri-
vate links connect the processing core
to its L1 instruction and data caches. A
multimaster, high-speed-cache bus, in
turn, connects the L1 caches to an L2
cache serving as many as four processor
cores. Additional links for control and
snooping logic lurk in the background.
Two system-bus connections come from
the L2 controller.

But what happens when it’s imprac-
tical to provide an appropriate physical
link for each data flow? An excellent
example is the SOC’s DRAM control-
ler, which must take in whatever mix
of traffic the multiple processors on the
chip throw at it but must somehow mold
that cacophony into the highly ordered
stream of commands acceptable to a
DDR DRAM. To get a look at the com-
plexity of the problem, look inside one
such controller (Figure 2). This sample
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device processes transactions in a num-
ber of discrete stages. First, an arbitra-
tion engine determines access to the
controller based on a priority scheme.
Then, the controller loads requests in-
to command, read, and write queues, in
which they await reordering based on
quality-of-service needs and the realities
of DRAM timing. Finally, the requests
pass through a transaction-processing
engine that looks ahead into the queues
to reorganize and gather requests for op-
timum DRAM usage.

Versions of the same thinking are be-
coming more and more common in oth-
er functional blocks. Often, signal-pro-
cessing or encoder/decoder blocks con-
tain sophisticated DMA engines that
provide many of the same functions as a
DRAM controller—scatter/gather pro-
cessing, reordering of data, and buffering
to turn random requests into bursts. The
engines perform these functions not so
much to please the DRAM control-
ler—in fact, they may puzzle the DRAM
controller—as to adapt the traffic to the
physical link over which it must travel.

RESULTS AND FUTURES

The result of all this work can be sub-
stantial. The result of SOC tuning can
improve system performance by a fac-
tor of four or five times for basically the
same functional blocks, according to
MIPS President and Chief Executive
Officer John Bourgoin. When you put it
into perspective, this magnitude of ac-
celeration is more than you can get from
a CPU upgrade or a faster process and
even more than sometimes results from
adding a hardware accelerator.

As SOC architectures move from func-
tionally divided heterogeneous multipro-
cessing toward semisymmetric multipro-
cessing, the need for focus on intercon-
nect architecture shifts from a perform-
ance-enhancement and energy-saving
alternative to a mandatory part of system
design. Without a detailed analysis of da-
ta flows, a dynamic multiprocessing sys-
tem may simply require more intercon-
nect provisioning than an affordable sili-
con design can offer.

And that possibility brings us back to
the tools question. Today, Lautzenheiser
says, the tool flow for architects—if
they are not still working with white
boards and spreadsheets—is an ad-hoc
combination of ESL-modeling tools,

statistical analyses based on queuing
theory—which can give a good overall
picture but may completely miss corner
cases—and cycle-accurate models that
can explore corners but may be too slow
to find them.

“You need architecture-level model-
ing,” Arteris’ Janac agrees. “The prob-
lems have become too complex for a
spreadsheet. But at ESL, there’s no re-
ality to even the best tools—they rep-
resent an abstraction. So, you have to
bind your system-level explorations to
cycle-accurate models of your IP.”

One way to do this binding, MIPS’
Intrater suggests, is the use of hardware
emulation. “The cycle-accurate models
are based on RTL, and they are far too
slow for booting Linux or running an
application. The state of the art today is
to manually combine coarse-grained sta-
tistical tools with cycle-accurate simula-
tions. But if you have RTL models of the
interconnect at an early enough stage,
you can use emulation to run billions of
cycles through cycle-accurate models.”

This state of the tools preserves archi-
tecture as art. Modeling a scheme at the
right levels, having accurate use models
from realistic users, looking in the right
places for critical cases, and making ac-
curate conclusions from the cycle-accu-
rate models are still—despite the grad-
ual emergence of system-level tools, es-
pecially from interconnect-IP provid-
ers—matters of art and experience. But
it is an art that has grown increasingly
vital, and, as we move into the age of
large multiprocessing systems on dice, it
will be indispensable.Ebn
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GLOBAL REPORT

OUR FIRST GLOBAL SALARY SURVEY SHOWS
THAT NORTH AMERICAN ENGINEERS
RECEIVE HIGHER COMPENSATION THAN
COUNTERPARTS IN ESTABLISHED REGIONS,
SUCH AS JAPAN AND WESTERN EUROPE.

Globally, engineers
share similar gratification
and concern

BY MAURY WRIGHT « EDITORIAL DIRECTOR, EDN WORLDWIDE

The classic Charles Dick-
ens quotation could easily
have applied to the situa-
tion in the engineering profession last
year. Engineers are worrying about out-
sourcing of their jobs, feeling decidedly
underappreciated, and working what
they believe are excessive hours. But
engineers receive higher compensation
than workers in many other professions,
and job satisfaction is high. This conun-
drum led EDN to conduct its first sala-
ry-and-career survey, and we believe it is
the only such survey ever fielded world-
wide. A summary presentation of the
results here kicks off our fourth annu-
al Global Report, and, as in the past,
the print offering is a small part of the
complete online Global Report, which
you can find at www.edn.com/global.
Over the summer, EDN and our re-
gional global editions conducted the sal-
ary-and-career-satisfaction survey. EDN
in the United States focused on North
America, EDN Europe focused on West-
ern Europe, EDN Japan focused on Ja-
pan, and EDN China focused on main-
land China. EDN Asia fielded surveys

separately in India, Korea, Southeast

t was the best of times. It
was the worst of times.”

Asia, and Taiwan. We conducted the
surveys via e-mail. We are hosting the
complete set of data that we gathered
in a new career section of our Web site.
On the Web, you will find the intricate
details on how we fielded the surveys as
well as all of the data. Here, we’ll take a
look at details that stand out along with
some of the most interesting verbatim
responses that we gathered.

JOB SATISFACTION

The combination of outsourcing and
staff reductions has left North American
engineers worrying about their future.
Meanwhile, new engineering opportu-

nities abound in parts of Asia. The situ-
ation seems ripe for a vastly different set
of results when you ask engineers glob-
ally how satisfied they are with their ca-
reer. And you might expect poor job sat-
isfaction in North America.

Figure 1 shows the results from North
America. Surprisingly, most respondents
in North America feel somewhat satis-
fied to very satisfied. The 30% that chose
very satisfied dwarfs the response in that
category from all of the regions that EDN
Asia covers. We admit one slight discrep-
ancy. Arguably, we incorrectly ordered
the “satisfied” and “somewhat satisfied”
choices on the questionnaire, but that

VERY SATISFIED

SOMEWHAT SATISFIED

SATISFIED

NOT VERY SATISFIED

NOT AT ALL
SATISFIED

5 10

15 20 25

PERCENTAGE OF NORTH AMERICAN ENGINEERS
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discrepancy certainly doesn’t affect
the “very satisfied” category. Check
the online details, and you will see
that only India came close to North
America at 27.2%. Europe also delivered
positive numbers, and the sidebar “UK
engineers relish working with technol-
ogy and quality of life” chronicles sever-
al such engineers. Conversely, in Japan,
only 2.8% feel very satisfied. Exclud-
ing North America, the job-satisfaction
curve has the traditional bell shape.

Looking at verbatim responses from
engineers in North America, it’s hard
to match those responses to the figure.
There are plenty of positive responses,
but there are also plenty of negative
ones.

Outsourcing is near the top of the list
of complaints. One North American re-

KOREA

JAPAN

TAIWAN
SOUTHEAST ASIA
INDIA

NORTH AMERICA
CHINA

EUROPE

spondent noted as a concern, “Job secu-
rity—my company generally takes attri-
tion in the US and does massive hiring
in China and India. I'm even hearing
of start-up companies that want to out-

30 40 50 60

WORKWEEK (HOURS)

source all product development to India
or China to conserve capital.” Outsourc-
ing isn’t just prevalent in North Amer-
ica. Japanese respondents indicated that
18.7% of their design work is outsourced.

CHINESE EEs SEEK TRANSFORMATION BEFORE THE AGE OF 35

Jeff Lu, Executive Editor, EDN China

China’s electronics industry

has grown rapidly in the past
two decades. The growth is a key
reason than many young Chinese se-
lect electronic engineering as their
occupation. In the past decade, Chi-
na has transformed beyond its role
as the manufacturing center of the
global electronics industry. As local
OEMs have matured and more and
more multinational companies have
established R&D centers in China,
the amount of design work has sky-
rocketed. Today, young Chinese elec-
tronic-design engineers get more job
opportunities, better salaries, and
loftier social status than engineers in
other industries. Nonetheless, many
young engineers are acutely con-
cerned about continuing in a design
job after the age of 35 and look to-
ward management and entrepreneur-
ial opportunities.

“I have been considering trans-
formation,’ says Nathan Lei, project
manager of a German communica-
tions company’s Shenzhen office.
Despite many years’ work experience
at UT Starcom and a master’s degree
in electronic engineering from Hong
Kong Polytechnic University, he says
he does not want to be an engineer
for a lifetime.
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Two reasons drive the midcareer
designers away from engineering.
First, R&D is an arduous job. Young
engineers need to spend a lot of time
and energy to meet challenges in
their daily work and still stay abreast
of the latest technology. Overtime is
commonplace for Chinese electron-
ics engineers. As they age, the engi-
neers are less willing to endure such
intensive work requirements. If an
engineer has not landed in a team-
leading position on the strength of
his experience and capabilities by
the age of 35 and is immersed in de-
velopment work, he will inevitably
feel competitive pressure from more
energetic young people.

Opportunity is the second force
that drives engineers to other jobs.
Today, opportunities abound in Chi-
na’s fast-growing electronics indus-
try. Many young engineers yearn
to one day start a company of their
own. Generally, engineers believe
that pure R&D work-even at a multi-
national company-will restrict their
horizons. Experience built from R&D
work does not qualify an engineer to
operate a company. Therefore, many
young engineers take on sales and
marketing as their choices for the
postdesign step of career develop-

ment. The engi-
neers hope to gain more ex-
perience in business and corporate
operations before turning 35.
Chongjun Zhu currently serves as
general manager of the new-busi-
ness-development department in
an independent design house for
handset products in Shanghai, and
he is one of the company’s share-
holders. “Just a year ago, | was stay-
ing up writing code,’ he says. He is
satisfied with the fact that he turned
from an engineer into a business
executive before the age of 35. Zhu
believes that, in China’s electronics
industry, a technology-type executive
who knows how to do business has
greater potential for growth and suc-
cess than an engineer. He believes
that his experiences as an engineer
were just steppingstones in his ca-
reer development.




br

Outside the boy;

-TON INDY

OL/MIL:LERn
ONLG/ENCE!
"*ﬁo NICS -

" OLOGY e SPEC TFQ? »‘

STEWA

\FT
w IR
[ 0

Access to more than
a million products now
available online!

Same-day shipment, next-day delivery
on orders entered hy 8:00 PM CST.

*New product added daily.

© 2007 Digi-Key Corporation

ol
'.Up7
ir
g L
L .' ‘
re ( ,‘
SHN ¢
.
IMPONENTS ® CL/ . "
O DARR
® -
NG 4
o = NINrn ‘/‘A'\” " i

Quality Electronic Components, Superior Service

www.digikey.com
1.800.344.4539

701 Brooks Ave. South ¢ Thief River Falls, MN 56701 « USA



@ GLOBAL REPORT

Still, in North America and Japan,
the prevailing mood is positive. And
the primary reasons seem to be the sat-
isfaction of tackling difficult problems,
learning challenging technologies, and
creating useful products (see sidebar
“Technology creations drive Japanese
engineers”). The North American sur-
vey identified “technical challenge” and
“feeling of accomplishment” as the top
two factors influencing job satisfaction.

The feelings extend to the global en-
gineering community. An Indian re-

spondent said, “I have been able to put
most of my knowledge and skills in en-
gineering to productive use. As I have
worked in very small companies, mostly
start-ups, | have been extremely hands-
on and see the companies grow very vis-
ibly, and that has given me the most sat-
isfaction.”

A respondent from Europe noted,
“A multidisciplinary engineering ca-
reer has got to be the most satisfying ca-
reer; how else can you help mould the
World whilst you learn how it works—

UK ENGINEERS RELISH WORKING WITH
TECHNOLOGY AND QUALITY OF LIFE

Graham Prophet, Editor In Chief, EDN Europe

Engineers in the United King-

dom have long had a com-
plex relationship with their chosen
profession. In almost any era of re-
cent history, the industry has com-
plained that it could not find enough
engineers with the right skills. At
the same time, engineers have fre-
quently regarded themselves as un-
der-rewarded in financial terms and
undervalued in society relative to
their contemporaries in other profes-
sions. As long ago as the late 1970s,
this concern became so acute that
the British government set up an of-
ficial inquiry into the engineering
profession. Industrialist Sir Mon-
tague “Monty” Finniston conducted
this inquiry, which in 1979 proposed a
number of remedies to enhance the
status of engineers and increase the
flow of aspiring young engineers into
the profession.

To judge by many indicators in the
UK engineering scene, not much has
changed in nearly 30 years. You still
hear many of the same gripes. So,
are the UK’s electronics designers an
embittered and unhappy group? On
the contrary, as a group, they seem
to be happy with their chosen path.

A relatively recent entrant into the
UK’s engineering community is hard-
ware engineer Charlotte Doyle, who
designs embedded-system-computer
boards for Varisys, a UK-based sup-
plier of COTS (commercial-off-the-
shelf) and custom hardware for the
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embedded-computer market. Having
worked in the industry for five years
since graduating from university in
2002, Doyle says, engineering has
been the right choice for her. She is
happy with the position she holds
and says that electronic design, with
its problem-solving challenges, con-
tinues to hold her interest, as some-
one who came into the profession
through enjoyment of the technology.
Her job, she says, also offers the right
combination of conditions and bene-
fits, and the company she works for is
“family-friendly”’-a theme that recurs
in talking to today’s UK engineering
community. Within her field, she does
not find that keeping up with tech-
nology is a particular issue. “There is
time to keep up to date technically,
as part of the problem-solving,” she
says. Doyle would see an ideal career
path as one that allowed her to stay
in engineering, “perhaps more in-
volved with project management,’ but
she has no wish to move into, for ex-
ample, a sales or FAE (field-applica-
tion-engineering) role.

When Doyle completed her uni-
versity studies, financial institutions
were trying to tempt engineering and
science graduates away from technol-
ogy and toward finance. The financial
businesses told the recent graduates
that the rigor of their scientific educa-
tion would lend itself to this alterna-
tive career. “A number of people from
my year group did that,” Doyle says,

magical!” An engineer in Taiwan add-
ed, “There is an opportunity to develop
new products and to realize my profes-
sional expertise,” and a respondent in
Southeast Asia stated, “Work is chal-
lenging in a way that there’s always new
problems to solve.” Only China had a
decidedly different take on satisfaction,
choosing “advancement opportunities”
and “benefits” as the two most impor-
tant factors.

As for the most difficult challenge in
their current jobs, Japanese engineers

“and they currently have significantly
better rewards than those of us who
continued with engineering.” But she
has no doubt that technology-and the
engineering profession-has been the
right choice for her.

Martin O’Hara is technical direc-
tor at Danfoss Randall Ltd, leading
a team of 15 designers of systems
for heating controls. With a career
that has included posts with Ferran-
ti, Newport Components (now C&D
Technologies), and Motorola, O’Hara
is an example of an engineer who
has kept technology as the focus of
his professional life. The rewards
of the job, he says, have shifted
throughout his career from the fasci-
nation with technology itself to man-
aging the process: getting a product
through to production and interact-
ing with teams in other geographi-
cally distributed branches of his com-
pany. Danfoss is a Danish company;
other locations that O’Hara works
with are in Slovenia and China.

O’Hara sees keeping up to date
with technology as a significant chal-
lenge for himself and his team “in
an environment of information over-
load” In material terms and perhaps
due to a career structure in which
he has always chosen a new area of
technology with each move, O’Hara
believes that he has fared at least
comparably with and perhaps bet-
ter than most of his peer group. He

continued on pg 66
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yielded some surprising answers. They
mentioned the expected time crunch,
excessive workload, and technical chal-
lenges, but several responses mirrored
one respondent’s “shortage of midca-
reer engineers.” On the other hand, the
survey revealed an average age of 41.2
years, with an average of 15 years as an
engineer and more than seven in the
current job—presumably a midcareer
description.

Several Japanese respondents also
noted managerial issues. One respondent

continued from pg 64

is also in a minority among UK en-
gineers and engineering managers,
in having added to his technological
qualifications by earning a degree in
management.

From a manager’s perspective,
O’Hara sees one of the UK industry’s
problems as a failure to attract suf-
ficient young entrants to the profes-
sion. “In response to one of our re-
cent advertisements, which was not
specific on experience expected, no
young graduates applied at all. All of
the applicants were in the 35-to-45
age range;” he says.

O’Hara values the freedom his cur-
rent position offers him to “do what
needs to be done” without excessive
pressure on spending. There is also
no great pressure on him to outsource
design work, although he does con-
tract out some work-mainly software.

O’Hara says it is becoming more
difficult to find engineers with cross-
discipline knowledge-for example,
analog and digital or hardware and
software-or designers with applica-
tion knowledge. Although he does
not outsource design, O’Hara notes
a negative trend emerging with the
general move to offshore manufac-
turing. “Without the link to manufac-
turing,” he says, “the design commu-
nity is losing design-for-manufactur-
ing skills”

The ultimate expression of a wish
to move your career progression
ahead is, of course, to look for a
new job. One person who sees that
process in action is Kay Alexander,
divisional manager of John Prodger
Recruitment, a UK-based agency
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claimed a “divergence in consciousness
with management” and another noted
“arguing with the management team.”
Rightfully or wrongfully, many view Ja-
pan as a region in which engineers once
wouldn’t question authority, but that’s
not the case today. Old generalizations
would also suggest that motivation
would never be an issue in discipline-
centric Japan, yet respondents identified
issues with lack of motivation.
Without question, engineers glob-
ally feel time-to-market pressure and

that operates across the breadth
of the UK electronics industry.
When British engineers seek
a move, Alexander says, it’s
rarely just for financial rea-
sons; more often, it’s about
moving their careers forward.
She confirms that most UK
engineers were initially at-
tracted to the profession by their
enthusiasm for the technology, and
most would prefer a career path that
keeps them in direct contact with
engineering and that continues to
present technical challenges.
Because of the lure of technology,
most engineers prefer an upward
move into engineering management
rather than, for example, a move to
sales or marketing. Ultimately, as
Alexander points out, “A company
needs only one chief technology of-
ficer” In cases in which engineers
do leave a mainstream career path-
what Alexander describes as “leak-
age” to the profession-it’s most of-
ten to free-lance design work or into
teaching; science teachers are in
short supply in Britain’s schools.
Alexander sees a trend in the in-
creasing determination of engineers
to consider family-friendly and qual-
ity-of-life factors, such as working
hours, flexible working time, and pa-
ternity leave-as well as maternity
leave, which is a legal right in the
United Kingdom as in most other Eu-
ropean countries—-alongside direct
career issues, such as pay and tech-
nological challenges. “A few years
ago, these ‘soft’ topics would have
been mentioned only late in a job ne-
gotiation,’” says Alexander. “Now, they

note the inevitably compressed sched-
ules that are exacerbated by increas-
ingly more complex technology. With
regard to such challenges, an engineer
from Southeast Asia pointed to “custom-
er product deadline and debugging the
complex boards.” Responses concerning
keeping up with technology were among
the most popular among North Ameri-
can respondents. One noted “keeping on
top of the current technologies”
as the biggest

are discussed

right away. | think many
companies have underestimated the
contribution these factors can make
to recruiting good people. It has be-
come acceptable for engineers to

put a high priority on these matters,
whereas before it was not”

O’Hara agrees with Alexander’s
assessment and adds that, as his
current employer is a branch of a
Danish company, its engineers do
enjoy favorable conditions in that
respect; Scandinavian countries and
companies are noted for progressive
policies.

It is more difficult as a UK engineer
to build a career in engineering and
make a lot of money. An engineer
with a few years’ experience might
earn less than £30,000. Alexander
observes a problem with experienced
engineers: “Eight to 10 years ago [at
the height of the dot-com ‘bubble’],

a lot of engineers moved from, for
example, defense into communica-
tions, which was relatively much bet-
ter paid at the time. Now, there is
interesting work opening up in de-
fense and other areas. Companies
need those experienced engineers
but cannot pay enough to tempt that
cadre of engineers out of their cur-
rent positions.”
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challenge. “[I] finished college over
15 years ago, technological advances
are happening all the time, and keep-
ing abreast of the latest and greatest
is time-consuming in itself.”

LONG DAYS, LONG WEEKS

Complexities of enabling technologies
and end applications combine with tight
schedules to make workload a global prob-
lem that straddles the issues of job chal-
lenges and job dissatisfaction. We asked
engineers about the number of hours
that they work per week. Figure 2 sum-
marizes the results; the hours they work
range from 43.5 to 54 per week. The gap
of more than 10 hours seems small, but
it represents approximately 25% of the
workweek. If you peruse the online data,
you will find wide ranges of responses in
each region. In Japan, for instance, more
than 10% of the respondents work more
than 60 hours per week.

Verbatim responses and other data in-
dicate a more trying workload situation
than Figure 2 depicts. The sidebar “Kore-
an engineers face mandated career choic-
es” paints the profession as a 365-day-a-
year job in that region. A North Ameri-
can respondent chose “work-life balance”
as a key challenge, adding, “My employer

NORTH AMERICA
EUROPE

JAPAN

KOREA

TAIWAN
SOUTHEAST ASIA
INDIA

CHINA

0 20,000

is always wanting more of my time than
[ can give and then downgrades my per-
formance because I cannot give as many
hours as others.” A number of Taiwanese
respondents note overtime work as an is-
sue, especially relative to their pay.

JOB DISSATISFACTION

Other factors in job dissatisfaction
range from complaints about manage-
ment to lack of recognition and deci-
sion-making power. Japanese engineers’
sources of job dissatisfaction match those
in other regions, but responses that stood
out relate to career track, skills, and de-
cision-making. One respondent noted,

TECHNOLOGY CREATIONS DRIVE
JAPANESE ENGINEERS

Takatsuna Mamoto, Editor in Chief, EDN Japan

A couple of trends are evi-

dent in the career choices of
Japanese engineers: They yearn
to create and build things, and the
skills that their fathers and men-
tors possessed influence them.
“Watching my father make things
during my childhood led me to
an engineering career,” says one.
Another notes that, when he was
young, his father’s skill in repairing
broken radios, TVs, and VCRs im-
pressed him.

The creative instinct provides the
biggest motivation. “It is always
nice to see that the product I design
is a bestseller,” says another Japa-
nese engineer.

“] am satisfied to be involved with
development of the state-of-the-art
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robots that walk on two legs,’ says
still another. “It was my childhood
dream?”

The engineers also greatly ap-
preciate and are proud of the recog-
nition that they receive, especially
when trade publications cover the
technologies and products on which
they work.

Japanese engineers are gener-
ally happy with their career choices.
Some note the difficulty of long
hours and lengthy product-devel-
opment schedules. Others note the
occasional mismatch of skills on a
design team to an application. But
the sense of accomplishment the
engineers feel after developing a
successful product makes the work
worthwhile.

40,000
AVERAGE ANNUAL SALARY ($)

60,000 80,000 100,000

“My technical capabilities are too nar-
row.” Several mentioned the gap be-
tween the job at hand and the job that
they would prefer to perform. Perhaps
the most notable response, however, is
“not authorized to make a decision.” En-
gineers globally believe in their ability
to do their job and make good decisions,
and Japan has among the deepest of ex-
perienced-talent pools.

Career track appears to be a big is-
sue in China. According to the sidebar
“Chinese EEs seek transformation before
the age of 35,” Chinese engineers seek
to move into marketing or sales roles by
midcareer. Some Korean engineers, on
the other hand, would prefer to stay on a
technical career path but are forced into
management.

The engineering profession in other
parts of Asia is far younger both figura-
tively and literally than in Japan. That
fact translates to lower pay, less job
choice, and, potentially, greater dissat-
isfaction.

Responding to the dissatisfaction ques-
tion, an Indian engineer from our EDN
Asia survey noted, “I'm dissatisfied be-
cause of the pay structure of my compa-
ny. I am still not into a proper develop-
ment project. I'm forced to take on the
assignments mandated by management.
My achievements are not recognized.”

But the positive responses in India out-
number the negative. Remembering that
India is a newcomer in prevalent rela-
tively-well-paying engineering jobs, it’s
still humbling to read a reason behind job
satisfaction such as “sense of accomplish-
ment and, of course, money for bread.”

Not surprisingly, making a living and
salary top the list of concerns for engi-
neers globally. Our survey has a lot of
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data on salaries, and you should ex-
plore the Web data for details. The
highlights follow.

First, we offer a disclaimer. We
conducted all of the surveys with salary
questions pegged to local currency. We
then converted the amounts to US dol-
lars. The conversions were accurate in
August 2007 when we compiled the da-
ta but will vary—possibly greatly—over
the long and even short term.

North American engineers won'’t like a
quick generalization of the results in Fig-
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KOREAN ENGINEERS FACE
MANDATED CAREER CHOICES

Jade Jin, Executive Editor, EDN Korea

Since 1990, the electronics in-

dustry has driven economic
growth in Korea and has become
one of the chief national industries.
Accompanying the industry growth,
an increasing number of engineer-
ing opportunities have emerged. The
engineers largely like the profession,
although some feel they have too
little choice about how their career
progresses.

For example, Senior Engineer
Kyung-Fan Shin at the Overseas HS-
DPA (high-speed-downlink-packet-
access) Development Group of Pan-
tech and Chief Engineer David Yoon
at the Mobile Communication Lab
of LG Electronics both majored in
electronics engineering in the early
1990s. Both have also worked since
1996 as engineers in the telecom-
munication field in Korea, which has
experienced the rapid growth of the
electronics industry. Moreover, the
two have worked as engineers in
mobile communications and directly
on mobile handsets. More than any
other segment, mobile communica-
tions has been the heart of the Kore-
an electronics industry for more than
10 years.

Generally, engineers sacrifice their
personal life in Korea to survive in
the competitive field. Work that
continues for 365 days a year and
frequent overtime hours are the
symbols of the profession. Given
those facts, you might expect this
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duo to complain about such condi-
tions, but generally they like their
jobs.

“Engineering is a realistic and cre-
ative occupation,’ says Yoon, who
develops GSM (global-system-for-
mobile)-communication and WCDMA
(wide-code-division-multiple-ac-
cess) mobile phones at LG Electron-
ics after working for the Wireless
Telecommunication Division of Sam-
sung Electronics. “When the prod-
ucts | develop are used in everyday
life and the end users are satisfied
with them, | feel joy as an engineer.”
However, he notes, “As the lifetime
of products is getting shorter, | have
been under stress due to the pres-
sure for shorter development cycles
and excessive work hours. But |
have the greatest sense of accom-
plishment when | acquire command
of new technologies and resolve
problems”

“Engineers design the world by ex-
ploring new areas and leading tech-
nologies,” says Shin. “So, Korea has
to accommodate the trends of the
global market as well as the Korean
market and should make efforts to
continue to do self-development.
These requirements represent the
pride and pressure of engineers.”

The demand that engineers
move beyond design jobs proves
to be the biggest complaint of Ko-
rean engineers. “l envy engineers
who have worked in foreign coun-

tries for 30 to 40
years,’ says Yoon. “It is difficult to

be an engineer for more than 10 years
in Korea. In most cases, engineers are
promoted to engineering manage-
ment in accordance with a promotion
system. Because personal choice is
not allowed, the prospect of working
in an engineering role throughout a
career is not guaranteed”

The engineers identified mobile
phones and mobile communica-
tion as technologies on which Ko-
rea should continue to focus. Global
standards are now incorporated in
4G technologies that Korean compa-
nies developed. Accordingly, Korea
should lead in 4G technology and
have a competitive edge when the
market accelerates.

Other strengths include robotics.
“We should focus on robot technolo-
gies in the long haul,” says Shin.
“The trends of technologies will
change from mobile phones to ro-
bots at home and overseas. The ro-
bot technologies are applicable to
a variety of fields, such as games,
electric home appliances, and in-
dustries. Many Korean companies,
including Pantech, are paying atten-
tion to the technologies or are now
developing them.



Microsoft

BAE Systems

Lockheed Martin

United States Air Force
Honeywell

Saab

Johns Hopkins University
Pyrex

DePuy, a Johnson
& Johnson Company

Samsung

Stanford University

National Institute of
Oceanic Technology

Lund Institute of Technology
Sandia National Laboratories
Lexmark

Magneti Marelli, a Fiat company
Renault

Summitek Instruments

United States Navy

United States Army

Toshiba

Flextronics

Fiat

Niksar Australia Pty Ltd.
NEC Aerospace Systems
Siemens

SELEX Sistemi Integrati
Huari Telecom

Soliton Technologies
Active Signal Technologies

.
3?/&0@@@@@@

PC-Based
Controller

Modular
Instruments
DC to 6.6 GHz

Rack Mount

or

Portable

Chassis

PXl is a modular, software-defined platform

for measurement and automation systems.

e Open industry standard supported by more than
70 vendors and 1,200 products

Highest-accuracy instruments, including the highest-
resolution digitizer with -120 dBc typical SFDR

Industrial-grade, cost-effective system based on
standard PC technologies

Direct connectivity to existing instruments using
GPIB, Ethernet/LAN, USB, CompactPClI,
PCl, and PCI Express

Software-defined configuration and automation with
National Instruments LabVIEW and LabWindows™/CVI,
C/C++, NI TestStand, and Microsoft .NET

Choose from a complete set of PXI chassis,
controllers, and modular instruments from NI.

PXI Chassis

PXI Controllers
Digitizers/Oscilloscopes
Signal Generators

High-Speed Digital I/0

RF

Digital Multimeters
Programmable Power Supplies
Audio Analyzers

Switches

Multifunction I/0

To learn why each of these customers chose PXI, visit ni.com/pxi.

© 2007 National Instruments Corporation. All rights reserved. CVI, LabVIEW, National Instruments, NI, ni.com, and
NI TestStand are trademarks of National Instruments. Other product and company names listed are trademarks or
trade names of their respective companies. 8221-101

¥,

3U, 6U, rack-mount, 4 to 18 slots
Remote or embedded

Up to 24 bits, 2560 MS/s

Up to 16 bits, 200 MS/s

Up to 400 Mb/s

Up to 6.6 GHz, 20 MHz RTB

Up to 7% digits, LCR, 1,000 V

Up to 20 W, 16 bits

Up to 24 bits, 500 kS/s

Multiplexers, matrices, RF, relays

Analog 1/0, digital 1/0, counters

(800) 891 8841

NATIONAL
INSTRUMENTS



GLOBAL REPORT

ure 3. That data—touting a $90,000
average  salary—screams
“North American engineers are over-
paid.” The inequity between average
salaries in North America and those in
new engineering markets, such as Chi-
na and India, will surprise few engineers.
Moreover, engineers in those regions gen-
erally benefit from a very low cost of liv-
ing. But engineers in mature markets,
such as Japan and Europe, trail North
American engineers by a broad margin, as
well. And the cost of living in parts of Ja-
pan and Europe is higher than the cost
of living in much of North America.

A more detailed look at the full
compensation charts that we present
on the Web paints a bit of a different
picture. For instance, 13% of North
American engineers make $90,000 to
$100,000. In Japan, 9.8% make roughly
$84,000 to $101,000. Moreover, the bulk
of the Japanese engineers are clustered in
groups making slightly less than $84,000.
A look at the salaries above and below
the average North American salary does
not suggest an almost $27,000 gap.

The big difference in North Ameri-
can and Japanese salary distribution re-
ally comes at the high end of the range.
Figure 4 shows that 6% of the engineers
in North America make more than
$150,000. Check the Web, and you will
see that the percentage of such earners
in Japan is approximately 0.5%.

In North America, engineers have
surely benefited from stock options
and other forms of bonuses that boost
salary. That compensation could par-
tially explain the difference. Again,
however, close perusal of the online
data provides more hints. In the North
American survey, a greater number of
respondents are in the R&D and en-
gineering-management categories than
those from Japan, whereas the Japa-
nese survey has a greater percentage
of design-engineering respondents.
The European responses fall between
the North American and Japanese re-
sponses, with 3% earning more than
$150,000 and a relatively high man-
agement response.

There is no way to rationalize the gap
in other regions, other than to accept
that engineering salaries across Asia,
except Japan, significantly trail North
American salaries. The facts are that

annual
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LAYOFFS, PREVIOUS 12 MONTHS (PERCENTAGE OF COMPANIES)

$90,000 salaries are simply unheard of
in the regions that EDN Asia surveyed.

RAISES

The good news for engineers across
Asia is that the gap will close as engi-
neers from India to Korea are getting
greater annual increases percentagewise
than Japanese and North American en-
gineers. A number of verbatim responses
lament low pay and nonexistent or small
raises. One respondent from Taiwan stat-
ed, “There have been no increments in
salary for a long time. In the long run,
my salary might even be reduced.”

Overall, however, our survey paints a
brighter picture. Figure 5 shows the an-
nual average increase by percentage. In-
dia tops the list at 11.5%, but even the
typical average increases across Asia
come in at approximately double the
average increases in Europe, Japan, and
North America. In India, more than 30%
of workers received a 10 to 20% raise.

STAFF REDUCTIONS

We asked the respondents in every re-
gion whether their companies had laid

off engineers in the previous 12 months.
Figure 6 depicts the results. Frankly, the
results are pretty good. Most companies
lay off some number of workers, either to
eliminate employees that aren’t super-
stars yet aren’t performing poorly enough
to fire or to scrap one project at the ex-
pense of a competing project.

We also asked respondents wheth-
er their companies had hired engineers
in the previous 12 months. The an-
swers were uniformly
positive, with India
at 93.6% and North
America at 73%. Of
course, we asked the re-
spondents only wheth-
er their companies had
hired engineers in the
previous 12 months—
not where the jobs
were located. To re-
lieve those of you in
North America worry-
ing that the new jobs were overseas, 89%
of the North American respondents re-
vealed that the jobs were indeed located
in North America.EDN

You can reach
Editorial Director
Maury Wright

at 1-858-748-6785
and mgwright@
edn.com.
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DOES IT MATTER HOW ENGINEERS
IN OTHER COUNTRIES ARE USING
REFERENCE DESIGNS? THE ANSWER
IS A RESOUNDING "YES.”

Reference designs

WORLDWIDE:

UNDERSTANDING

THE IP IMBALANCE

BY NICHOLAS CRAVOTTA » CONTRIBUTING TECHNICAL EDITOR

ith the rising complexity of silicon and
software design, it has become critical
for component vendors to supply more
information than just a data sheet to
get engineers started on their designs.
Reference designs are important ways
for companies to pass on IP (intellec-
tual property) relevant to the effective
use of their products. The term “refer-
ence design” itself is a fairly ambiguous term and can even take on
different meanings within the same silicon company (see sidebar
“Defining reference design” at the Web edition of this Global Report
at www.edn.com/global). For example, a company’s FAEs (field-ap-
plication engineers) serving North America may use the term to
refer to a paper schematic or an evaluation board with limited ap-
plication software. FAEs from the same company working in Asia,
however, may use the term to refer to a fully designed product, per-
haps missing external plastics, that is ready for mass production (see
sidebar “MTK pioneers complete designs and garners de facto mo-
nopoly in handsets,” also at www.edn.com/global).

Some companies claim that they cre-
ate reference designs to demonstrate
their expertise and market leadership.
The reality is that reference designs are
all about selling components used in the
design. Reference designs require sig-

nificant expense to create, and this ex-
pense limits the number of designs that
any company can offer.

How countries around the world use
reference designs directly influences
which ones a company will create and,

more important, how they will use them
to generate design wins. Component
vendors make deliberate decisions about
where they target their reference de-
signs, thus placing engineers in different
countries in competition with each oth-
er in a way that directly impacts their
access to a vendor’s engineering and
support resources. In other words, the
uneven flow of IP is changing the global
engineering landscape.

GLOBAL TRENDS

I¢’s difficult to track trends for the use
of reference designs in regions of the
world. After all, it’s a fine line between
describing a trend and perpetuating a
stereotype. How a company approaches
the acquisition of IP depends greatly up-
on its size, maturity, region, and culture.
For example, China, with its lower cost
of labor, focuses more on the BOM (bill-
of-materials) charges than on the NRE
(nonrecurring-engineering) charges. The
opposite situation can be true in North
America, where engineers are willing to
program in C to save design time but at
the expense of a larger program memory
and a higher performance, more expen-
sive processor. Across Asia, companies
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are open to reference IP from IP cores for
chip design to complete system designs.
Speed in bringing just enough features
to market is key (see sidebar “Reference
designs: What separates Asia from the
rest?” at www.edn.com/global).

It’s always dangerous to generalize, but
if you had to describe each country in on-
ly a few words, the following trends and
stereotypes might suffice. For example,
NIH (not-invented-here) companies,
which those in North America typically
are, have a great deal of internal expe-
rience on which to fall back. These en-
gineers focus on one application in con-
trast to a component vendor’s engineers,
who develop application-specific IP for
relatively unrelated designs from project
to project. As such, the NIH engineers
can produce optimal designs. Some ref-
erence materials are nice to have, es-
pecially for accounting for the obscure
and frustrating nuances of a component,
but they serve only as launching points
for more sophisticated designs. This ap-
proach typically maximizes performance
and the number of features but incurs the
greatest investment and overhead.

In “after-the-fact” environments, such
as Japan, engineers are also experienced
and create superior products. However,
they like to have comprehensive refer-
ence designs available not to build upon
but to compare with their own designs.
They like to work out all the details for
themselves, which, like taking the time
to solve a puzzle rather than looking at
the answer, stretches their skills and im-
proves their mastery of the technology
(see sidebar “Japanese engineers focus
on original designs and customization”
at www.edn.com/global). They don’t
want to repeat what others have done,
but they want to see how they’ve done
it. The reference design acts as a final
check, perhaps revealing only minor
idiosyncrasies in component specs that
the engineers overlooked.

The distributed-IP-design model, typi-
cal of the United Kingdom, focuses on
IP management at the distributor level.
European distributors typically add val-
ue and increase profits by providing not
only chips, but also complete subsystems
that designers can drop into a design
with limited modifications. In effect, dis-
tributors act as IP brokers between com-
ponent companies and OEMs. This ap-

A Texas Instruments digital-camera reference design comes complete with a camera
lens and a sensor.

proach can significantly impact compo-
nent selection. Although NIH-focused
engineers may resist such offerings, some
distributors in North America are begin-
ning to explore this approach. To learn
about one European system house that
always begins designing before reference-
design availability, see sidebar “Getting
to market first precludes a wait for a ref-
erence design” at www.edn.com/global.
Some companies, such as those in Tai-
wan, take an “as-is” approach, taking ref-
erence designs mostly as the component
vendors supply them. Their goal is mini-
mal investment and fastest time to mar-
ket. In some cases, an ODM (original-
design manufacturer) stands between
component vendors and OEMs. ODMs
take on the burden of understanding an
application market as well as related sili-
con, software, and system issues. ODMs
work with component vendors to create
their own reference designs, which they
then sell to OEMs that want to quick-
ly get to market. For example, an ODM
may create a fairly complex digital-cam-
era design. The ODM then sells this de-
sign to multiple OEMs, which personal-
ize the design, perhaps by creating only
the external plastics or introducing a
differentiating feature, such as antishake
or red-eye removal (see sidebar “Refer-
ence software” at www.edn.com/global).
In another environment, such as In-
dia, application engineers with little re-
al-world experience don’t always have
the luxury of leisurely earning their ex-
pertise. Instead, they act as “sponges,”
learning on the job. In these environ-

ments, not making mistakes is criti-
cal for employment. These engineers
consume reference designs, poring over
boards and schematics, trying to soak up
whatever knowledge they can while still
producing designs as quickly as possible.
In contrast, the Chinese design envi-
ronment is more of a “chop shop.” The
focus is on adapting reference designs
for end products and minimizing costs.
Reference designs by nature are some-
what generic so that you can apply the IP
you capture in them across a wide range
of applications. Reference designs drive
sales of components, so the more cus-
tomers who can use the design, the bet-
ter. This approach recognizes that a ref-
erence design probably isn’t as cost-effec-
tive as it could be and brings up images
of an “engineer” ripping components off
the reference board until it stops work-
ing and reducing it to its bare essentials.
Swapping lower tolerance or alternative
components is also common.

MARKETING BY EDUCATING

To increase sales, reference designs
must meet the critical needs of engineers
in education and reduction of overall de-
sign cycles (see sidebar “Pitfalls” at www.
edn.com/global). For companies that
don’t care about adding their own IP or
advanced features, time to market is ev-
erything (see sidebar “Reference designs
open doors in Taiwan”). “The more of a
turnkey design they can start with, the
quicker they can realize product, though
the Asia market is progressively be-
coming more self-sufficient,” says Steve
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Marsh, strategic-marketing manager for
the digital-signal-controller division at
Microchip (www.microchip.com). “If we
could do form factor, that would be even
better for this subset of customers.” A
speedy, successful design is critical to the
survival of these companies. “They want
to be able to say that they’ve done a par-
ticular application so they can claim ex-
pertise with the technology to their next
potential customer,” says Marsh.

Even Korea is proving a fertile market
for ready-for-market reference designs
(see sidebar “Reference designs improve
but don’t always offer full performance”
at www.edn.com/global). In addition,
some reference-design creators don’t
exhaustively test their designs, limiting
their usage.

System companies that lack exper-
tise in certain key areas may take eval-
uation boards to production. This “de-

sign” methodology quickly produces re-
sults but provides little log-term gain or
understanding of why the design works.
Users can repeat the design but cannot
easily build on it as they could have if
they had taken the time to understand
it. Countries with younger, less experi-
enced engineers are beginning to rec-
ognize this fact. For example, India and
China each want to be the design cen-
ter of the world, with the fastest service

REFERENCE DESIGNS OPEN DOORS IN TAIWAN

Mike Pan, Taiwan Bureau Chief, EDN Asia

Given the complexity and cost

of system-design challenges
that R&D engineers are facing, IC
vendors provide their customers with
reference designs that reduce time
to reaching volume production by
enabling manufacturability. Simpli-
fying the path toward production is
especially important for the Taiwan-
ese electronics industry, which ex-
cels at low-cost mass production. “It
is impossible for us to use a chip in
our system if it comes with no refer-
ence design,’ says Allen Su, a senior
engineer at Powercom Co Ltd, a pro-
vider of power-protection products,
such as solar-cell, solar-panel, and
UPS (uninterruptible-power-supply)
products.

Many sources, such as chip vendors,
distributors, and VARs (value-added
resellers), are available for reference
design in the industry.
But the robustness
of reference designs
varies from company
to company. “Some
provide us only a data
sheet and associated
rules used in design-
ing PCBs [printed-cir-
cuit boards] based on
the chip, while others
offer a more complete solution,’ says
Aren Chen, a supervisor of the R&D
division at Vivitek Inc, a manufacturer
of IP (Internet Protocol)-surveillance
and multimedia-communication prod-
ucts, including network cameras, vid-
eo servers, and recording software.

Both Su and Chen agree that refer-
ence designs from foreign companies
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are more general-purpose, targeting
diverse customers. Both engineers
report that they must make signifi-
cant efforts to meet their application
requirements if they want to adopt
these designs. “Foreign IC vendors
can probably do a customized refer-
ence design for their first-tier custom-
ers but not for everybody,’ says Su.

Chen also has experienced insuf-
ficient support by an international IC
vendor. The company used such ven-
dors for DSP sources but later found
that it could not adapt the operat-
ing system with the selected DSP
product and that the product was too
costly. To address these problems,
the company developed its own SOC
(system on chip), which is an unusual
approach among system makers in
the Taiwanese market. In addition to
improved performance, the SOC of-
fers flexibility, according to Chen.

Both Su and Chen believe that
products from local IC makers are
more complete than offerings from
foreign chip suppliers. The reason
for this superiority could be that lo-
cal IC vendors leverage a geographi-
cal advantage and learn precisely
what their customers want. More-
over, the Taiwanese vendors offer
competitive costs and speak the
same native language.

To fill the gap with small to mid-
sized system makers in Taiwan, for-
eign IC makers cooperate with lo-
cal distributors or VARs to promote
their products. Actel, for example, re-
cently announced a reference design
in Taiwan to enable intelligent sys-
tem- and power-management imple-

mentations. “To better support our
local customers, we had expended
our sales network by working closely
together with local distributors and
VARs,’ says Rick Lain, the company’s
director of sales for the Asia-Pacific
region. “We have three VARs in Tai-
wan to deliver more specific solu-
tions based on our chip to its target-
ed customer”

Distributors are other active sourc-
es of reference designs. “The mindset
of our development in reference de-
sign differs from that of IC vendors;’
points out TW Lin, vice president of
R&D and the field-application-engi-
neering department at Zenitron Corp,
a distributor of semiconductor and
electronic components. “Business is
business. IC vendors’ reference de-
signs always focus on how to let their
chip perform better. In contrast, our
focus is on manufacturability” Some-
times, the company provides almost
a prototype or board ready for mass
production, according to Lin.

Reference designs from IC ven-
dors, especially from foreign IC ven-
dors, are not available for manu-
facturing, says Lin. “For example,
if an IC vendor bases its chip on a
six-layer PCB, then we have to con-
vert it into a four-layer PCB and find
cheaper replacements for other com-
ponents on the board. Meanwhile,
we also take care of issues such as
EMI [electromagnetic interferencel,
signal integrity, and other electronic
characteristics,” he says. “All we have
done is assist our customers in re-
ducing the cost and accelerating the
time to market for their products?”
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and output. They continue to push for
turnkey, black-box designs. They would
be even happier if the form factor were
also complete. But don’t believe the ste-
reotype that all they are doing is copy-
ing. These companies are soaking up in-
formation as fast as other companies can
ship it to them.

India, for example, is experiencing
tremendous growth. Estimates place the
number of new engineering openings
at 10,000 each year, which sounds like
a lot until you consider that the pool
of applicants competing for these posi-
tions exceeds 300,000. “Engineering of-
fers young people a chance to escape the
lower caste,” says Rick Zarr, worldwide-
technology-partnership-marketing man-
ager at National Semiconductor (www.
national.com), “and they rely heavily
upon reference designs to fill the many
gaps in their experience.”

From this perspective, “engineer-
ing outsourcing” is a misnomer because
engineering is more than just copying
someone else’s design. “Innovation, in-
sight, and experience are hard things to
export,” says Zarr. “American culture is
quite diversified, and this affects the way
American engineers solve problems.”
However, in addition to learning the
basics of engineering, these other coun-
tries are discovering what it takes to be
innovative. They also understand that,
if they do something well, they not only
make a great deal of money, but also get
the chance to do it again tomorrow.

The perception that the United States
is a think tank and the rest of the world
is the think tank’s manufacturing arm is
dangerously naive, especially when you
consider that the fully burdened cost of
an engineer in North America is about
$250,000, whereas that for an engineer
in India with a master’s degree in electri-
cal engineering is about $45,000. Design
houses in India are not shy about invest-
ing in the infrastructure and expertise
they need to compete and aggressively
leverage their salary advantage.

For component vendors, these inex-
perienced engineers represent a tremen-
dous opportunity, which they can capital-
ize on through reference designs. Rather
than teach how to solve problems using
general concepts, which they can apply
anywhere, they can teach problem solv-
ing using components. In other words,

National Semiconductor’'s ADC14V155KDRB high-IF-receiver reference-design board
enables immediate evaluation of a high-dynamic-range IF-sampling application.

instead of showing an engineer how to
lay a trace or hold impedance constant,
they provide a Gerber file that supplies
the necessary trace. The file teaches the
engineer something about traces but per-
haps not enough to give the engineer the
confidence to bring in a different com-
ponent. In such a case, components in a
reference design are more than just sug-
gestions or recommendations. They lead
to design wins and direct sales.

Reference designs also cover for lack of
distributor expertise. The more product
lines distributors take on, the less time
they have to learn about—and pitch—
each part. Reference designs open the
door to innovative ways of helping dis-
tributors effectively sell parts.

Some companies offer bevies of ref-
erence designs for downloading from
their Web sites. The application-specific
knowledge these resources share is also
component-specific, so there is a val-
ue in working even with smaller design
houses, because they are learning to use a
subset of the components on the market.
Engineers with a mandate to produce
quickly tend to design with what they al-
ready know. Reference designs effective-
ly seed this market.

Reference designs are not simply about
showing engineers how to design around
a component, such as a processor. In fact,
for secondary-component vendors, refer-
ence designs can be their most powerful
marketing tools. Consider a company
evaluating a digital chip that has little
idea of how to implement any associat-
ed analog circuits. If it selects the digital
chip, the company will most likely also
go with the secondary components in a
reference design that makes up the ana-

log support circuitry. The same situation
applies to RF subsystems, power supplies,
assembly-level algorithms, and whatever
other expertise a company lacks.

Many component vendors leverage
associated design wins through cobrand-
ing with noncompetitive suppliers.
Jointly developing a reference design re-
duces investment cost and increases the
overall exposure of a design because mul-
tiple companies and distributors distrib-
ute the reference design. Also, cobrand-
ing increases the number of reference
designs a company is associated with, a
factor that some companies believe in-
dicates market leadership. Partnerships
can range from developing application
notes together to creating whole por-
tions of a production-ready design.

UK distributors execute another form
of cobranding by combining suppliers to
create reference designs. “Distributors
are looking for ways to increase profits
by adding value beyond simply supply-
ing components,” says Alan Hutton,
partnership manager for Europe at Na-
tional Semiconductor. “More and more,
they are accomplishing this by provid-
ing complete subsystems.”

Selling systems through cobranding
has many advantages. First, it spreads
the investment of creating the reference
design among several vendors. Second,
it enables vendors to highlight features
that their customers may not understand
well. For example, a design may bene-
fit from implementing dynamic-voltage
scaling on the main processor. Because
a relatively inexpensive microcontroller
manages scaling, it may seem more com-
plicated to implement than it is to some-
one unfamiliar with the technology. By
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having the scaling as part of the refer-
ence design, an engineer can experiment
with it firsthand and see its potential
benefits. Additionally, the implementa-
tion may reveal useful “best practices” or
show how to reduce the number of re-
quired front-end components.

If the engineer likes the feature, the
processor vendor wins because this factor
may help lead the customer to select this
component. At worst, another customer
gets educated on the technology behind
the feature. And the engineer can imple-
ment the feature with no additional de-
sign expense because it is possible to just
lift the dynamic-voltage-scaling circuit
straight from the reference design.

This win is key for the other vendors
involved in creating the reference design
because it helps tie secondary compo-
nents to the selection of a primary com-
ponent. It becomes a system sale rather
than a tool sale of a single component,
which distributors like because they can
sell several parts at once. Although an
engineer could select the main proces-
sor and choose different components to
implement dynamic-voltage scaling, it
is tempting just to take the entire sub-
system because someone else has speci-
fied all the components.

Component vendors or distributors
sometimes team up with local design
houses to create region-specific reference
designs. For example, these vendors and
distributors will use regional vendors as
sources for secondary components on
a board. If the secondary components
come from a foreign or more expensive
source, this approach significantly reduc-
es the value of the reference design. The
effectiveness of cobranding in China, In-
dia, and the United Kingdom, however,
can have a negative impact for other
countries. When China and India ask for
reference designs, they purchase com-
ponents. The NIH attitude of requiring
a reference design just to look at a part
and not necessarily buy it yields fewer
returns. Additionally, because NIH en-
gineers tend to trust their own designs
more than those from component ven-
dors, the sale of secondary components is
less certain. Ideally, these engineers don’t
want to depend on reference designs.

As a result, cobranding tends to be
more effective in China and India,
prompting companies to focus their ef-

forts at those companies from which
they get a better return. This factor po-
tentially impacts worldwide engineer-
ing outsourcing. As more design deci-
sions and sales move offshore, so does
a company’s focus of its limited design
resources. To some degree, the refusal of
NIH engineers to demand and use more
comprehensive reference materials leads
to a shrinking willingness of component
companies to provide them any.

THE KNOWLEDGE GAP

The competitive edge that engi-
neers gain from specialized knowledge is
shrinking and will continue to do so for
many mainstream applications. Refer-
ence designs that supply basic hardware
and software functions make it possible
for smaller players to enter markets with
a relatively small up-front investment.

COBRANDING TENDS
TO BE MORE EFFECTIVE
IN CHINA AND INDIA.

“Reference designs, especially software
algorithms and libraries in our case, are
key enablers to help accelerate product
time to market,” says Richard Fischer,
applications-engineering manager for
the digital-signal-controller division of
Microchip. “If we provide a complex
algorithm, either for a vertical applica-
tion or for a horizontal technology, this
gives us a broader base of customers for
our processors.”

Providing more of the overall design
or subsystem continues to play an ever-
growing role in selling silicon. “It’s one
thing to say what a customer should
achieve as it relates to performance; it’s
another to actually walk in the shoes of
the customer by designing a complete
system and realizing that performance
for yourself,” says Kanika Carver, digital-
imaging marketing manager at Texas In-
struments (www.ti.com). “These system-
level designs are much more complex
than first imagined, requiring system-
level IP versus components. The more
we provide of the complete solution, the
more we learn, and the more effective
the silicon and software we can offer.”

Differentiation, therefore, no longer
focuses on the product level, but on the

functional level. Differentiation contin-
ues to refine, narrowing down to special-
ized feature support or extreme cost cut-
ting. In this way, reference designs also
narrow the gap between mature compa-
nies, which focus on developing most of
their own technology, and aggressively
agile companies, which focus on carving
away a small portion of large markets for
themselves.

Reference designs enable more com-
panies to work with complex technol-
ogy and create viable products. It’s not
that IP is disappearing from those that
possess it but rather that it is trickling
down faster than it ever has before. Not
everyone is thrilled about the increase in
shared IP. For example, a GPS (global-
positioning-system)-module  manufac-
turer has made significant investment in
developing designs. Understandably, the
company may be unhappy when an RF-
silicon vendor wants to further educate
its customers with a production-ready
reference design.

This prospect can be either exciting or
disturbing. India is hungry and learning
fast, and everyone wonders what impact
that thirst for knowledge will have on
the engineering establishment, because
the power in a technocracy is based on
limited access to knowledge. A major
shift is in progress, with countries such
as India working to acquire expertise
and the ability to provide quality com-
parable with that from other countries.

For all the talk about a global econ-
omy, most companies still focus primar-
ily on preserving their own pieces of
the market pie. Is an equal distribution
of engineering expertise good for the
world, for each coun-
try, or for a particular
company? Qutsourcing
has long been a vola-
tile topic. Is it possible
for India to pull itself
up the technology lad-
der without pulling someone else down?
Electronic design continues to become
more complicated, and the number of
layers of companies involved in a design
continues to increase. There is room for
more players in the design process than
ever before. And, given the size and the
myriad distinct demands of the global
market, there is also more room to spe-
cialize.EDN
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Tiny Synchronous Step-Up Converter Starts Up at 700mV

Design Note 428
Dave Salerno

Introduction

Alkaline batteries are convenient because they're easy to
find and relatively inexpensive, making them the power
source of choice for portable instruments and devices
used for outdoor recreation. Their long shelf life also
makes them an excellent choice foremergency equipment
that may see infrequent use but must be readytogoona
moment’s notice. It is important that the DC/DC convert-
ers in portable devices operate over the widest possible
battery voltage range to extend battery runtime, and thus
save the user from frequent battery replacement.

Single-cell alkaline batteries, with a 1.6V to 0.9V range,
presenta special challenge to DC/DC converters because
of their low voltage and the fact that their internal resis-
tanceincreases as the battery discharges. Thus,a DC/DC
converter that can both start up and operate efficiently at
low input voltages is ideally suited for single-cell alkaline
products.

The LTC®3526L is a 1IMHz, 550mA synchronous step-
up (boost) converter with a wide input voltage range of
0.7V to 5V and an output voltage range of 1.5V to 5.25V.
Housedina2mm x2mm DFN package, the LTC3526L has
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Figure 1. Single-Cell 1.8V Boost Converter for a Bluetooth
Radio Application Features a Low Startup Voltage

and Uses a Monolithic Chip Inductor for a Maximum
Component Height of Just 1mm.

a typical startup voltage of just 700mV, with operation
down to 400mV once started. Despite the LTC3526L’s
tiny solution size, it includes many advanced features,
including output disconnect, short circuit protection, low
noise fixed frequency operation, internal compensation,
soft-start, thermal shutdown and Burst Mode® operation
for high efficiency at light load. For low noise applica-
tions, the LTC®3526LB offers fixed frequency operation
at all load currents. With an output voltage range that
extends downto 1.5V, the LTC3526L and LTC3526LB can
even be used in applications previously requiring a boost
converter followed by a buck converter.

A typical single-cell boost application is shown in Figure
1. In this example the LTC3526LB is used to generate
1.8V for a Bluetooth radio application. The LTC3526LB
was selected for its small size, minimal external com-
ponent count and low-noise, fixed frequency operation
at all load currents. A graph of output current capability
versus input voltage is shown in Figure 2. Note that the
converter starts up at 700mV at no load and once run-

AT, LT LTC, LTM and Burst Mode are registered trademarks of Linear Technology
Corporation. All other trademarks are the property of their respective owners.
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Figure 2. Maximum Load
Capability During and After
Startup for the Circuit in Figure 1.
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ning, can deliver 25mA of output current with an input
voltage of only 400mV. The 1MHz switching frequency
allows the use of small, low profile inductors, such as
the monolithic chip inductor shown in this application.
This provides a complete solution with a footprint that’s
just 36mm?2 with a Tmm profile.

Many new battery types are available to the consumer,
some of which are aimed at high-tech, high power ap-
plications. One of these is the disposable lithium AA/AAA
battery, which offers a significant improvement in run-
time over traditional alkaline batteries. Furthermore, in
applications that see infrequent use, the long shelf life
of lithium batteries gives them a performance edge over
nickel-based rechargeable batteries, which have a high
self-discharge rate.
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Figure 3. Two AA Lithium Cell to 3.3V Boost Converter with
250mA Load Capability Maintains High Efficiency Over Three
Decades of Load Current and Operates with Viy > Vgyr.
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Figure 4. Efficiency vs Load for
the Circuit in Figure 3.
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One characteristic of the lithium battery is that its voltage
canbeas highas 1.8V whenthe battery s fresh, compared
to 1.6V for a typical alkaline battery. This is a problem
for2-cell alkaline applications that use a traditional boost
converter to produce a 3.3V output from an alkaline
3.2V max input. Most boost converters cannot maintain
regulation when the input is higher than the output, as it
is with two fresh lithium batteries (3.6V).

The LTC3526L solves this problem by maintaining regu-
lation even when the input voltage exceeds the output
voltage. An example of a 2-cell to 3.3V boost converter
using the LTC3526L is shown in Figure 3. A small feed-
forward capacitor has beenadded across the upper divider
resistor to reduce output ripple in Burst Mode operation.
Efficiency vs load curves are shown in Figure 4. These
curves demonstrate the high efficiency at light load made
possible by the low 9pA quiescent current of Burst Mode
operation. The curve in Figure 5 illustrates the efficiency
at input voltages above and below the output voltage.

Conclusion

The LTC3526L is a highly integrated step-up DC/DC
converter in a 2mm x 2mm package designed to eas-
ily fit a wide variety of battery-powered applications.
Low startup and operating voltages extend runtime in
single-cell applications. It even regulates in step-down
situations where the fresh battery voltage (V,y) may
exceed Vgyt. For high efficiency at light loads, or low
noise operation, it offers a choice of Burst Mode or fixed
frequency operation.
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ngineers once thought of handheld oscilloscopes
as the smaller cousins of bench models, but they
now offer performance levels that rival those of

their larger cousins. They also add battery-pow- A HANDS-ON

ered operation and portability that the bench in-  EVALUATION OF
struments lacked. To find out how this class of FOUR MODELS
instruments—which cover a wide price range—  SHOWS A WIDE
stack up, | evaluated the 100-MHz, four-chan- ~ARRAY OF PERFORM-
nel, $5995 AEMC OX 7104-C; 200-MHz, two- QHS%FSECAETURES'

channel, $2999 Fluke 199C; 40-MHz, two-channel, $1651 Agilent
Technologies U1604A; and 60-MHz, two-channel, $1686 Protek
860F Tektronix also offers a handheld oscilloscope, the THS730,

but the company chose not to participate in the evaluation. For a

signal source, I used a 20-MHz Agilent
33220A function generator.

All four models include built-in DMMs
(digital multimeters), and all come with
oscilloscope and DMM probes. All ex-
cept the Fluke instrument include com-
munications cables and software as stan-
dard features. They all provide measure-
ments such as rms voltage, peak-to-peak
voltage, and frequency. All include some
form of spectral analysis, and all except
the Protek model include a data record-
er. The Agilent and Protek models are
comparable in price, and their firmware
and software led me to believe that they
come from the same source. Thus, this
article covers them together, pointing
out similarities and differences.

With handheld oscilloscopes, the in-
tangibles can matter more than they
do for bench instruments. For example,

varled

battery life, the ability to change batter-
ies in the field, and screen readability in
daylight are factors irrelevant to bench
oscilloscopes. The online version of this
article, at www.edn.com/071108df2,
contains a link to Table 1, which com-
pares features, prices, and my likes and
dislikes. You can also link to my blog at
www.tmworld.com/bl, where you can
read detailed evaluations of the instru-
ments.

AEMC OX 7104-C

AEMC’s Model OX
7104-C is the only four-
channel handheld oscilloscope
on the market. Its 12-bit
resolution, 100-MHz band-
width, and touchscreen dis-
play put it high on the perform-
ance list (Figure 1). To justify its

Figure 1 The AEMC
OX 7104-C features
a touchscreen at 12-
bit resolution.

Handheld
oscilloscopes

Qﬁ@r

features
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$5995 price, you'd better need the porta-
bility; AEMC offers a two-channel ver-
sion for $3995. If you don’t need the por-
tability, you can find plenty of bench os-
cilloscopes with comparable performance
and price, but most have 8-bit resolution
as opposed to the AEMC unit’s 12-bit
resolution. The OX 7104-C’s most strik-
ing physical features are its touchscreen
and probes. The probes connect to the
top of the scope through adapters perma-
nently attached to the probe cables. The
instrument knows whenever you connect
a probe, and it detects the probe’s attenu-
ation level. The probes come with a han-
dy light that you control with a button
on the probe handle.

AEMC’s ac-mains adapter is large, but
the power supply is inline. Thus, its stan-
dard ac plug covers only one space on a
power strip. The oscilloscope end of the
power cord has a four-prong plug that
looks as though it plugs in more than
one way. Fortunately, it doesn’t. You
can also use separate adapters that pro-
vide BNC jacks for connecting cables. |
used one to connect a function genera-
tor to the oscilloscope. Another adapter
provides banana jacks for DMM probes.
That feature is handy, because it lets you
mix and match channels and thus con-
nect oscilloscope probes; DMM leads;
or accessories, such as current probes,

T e Agilent  U1604A  comn 2w surs

Z50 nsl]

Figure 3 Agilent's U1604A provides
both a wheel and buttons for setting
the instrument.
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AT A GLANCE

El Handheld oscilloscopes now
offer performance levels rivaling
those of bench models.

El The AEMC OX 7104-C's 12-bit
resolution, 100-MHz bandwidth, and
touchscreen display put it high on
the performance list.

Bl Fluke's 199C ScopeMeter
boasts the highest bandwidth of the
lot—200 MHz—-and the highest
sampling rate: 2.6G samples/sec.

Bl Because the operations and
prices of Agilent's U1604A and
Protek's 860F are so similar, your
choice comes down to small dif-
ferences, such as PC connectivity,
field-replaceable batteries, buttons,
color displays, and handles.

to any channel. All other oscilloscopes
in this evaluation have two oscilloscope
channels and one DMM channel.

The touchscreen lets you operate the
instrument without using the buttons,
although the buttons are neatly orga-
nized. If you use the stylus, you get more
than one way to activate a feature. For
example, you can change a channel’s
configuration by tapping on that chan-
nel’s colored box on the screen or by us-
ing menus. The stylus attaches to the
back of the case when not in use.

AEMC’s handheld oscilloscope in-
cludes a harmonic analyzer for power-
quality analysis and covers 40 to 450 Hz.
At low-voltage levels, it provided reli-
able results to 5 kHz. [ tested the analyzer
with a sine wave and a square wave, see-
ing only the fundamental of a sine wave
and only odd harmonics of the square
wave, as | expected. The harmonic-an-
alyzer display shows a signal’s spectrum
harmonics to the 30th harmonic with a
check box under each one. Tapping the
check box lets you display amplitude
and phase information for that harmon-
ic. The screen also displays rms ampli-
tude and THD (total harmonic distor-
tion) on the signal.

AEMC’s SX-Metro software lets you
import data from the OX 7104-C into
a PC and remotely operate the oscil-
loscope in scope mode. I used the RS-
232 connection first, and the PC quick-
ly recognized the oscilloscope. Using it
with the optional Ethernet link yielded
different results, however. I had to go
into the Options menu in the SX-Met-

Figure 2 Fluke's 199C ScopeMeter
has the largest screen of the four
oscilloscopes.

ro software to change the IP (Internet
Protocol) address to match that of the
scope. | kept getting a communication
error on my PC, so [ returned to RS-232
to evaluate the software.

To send a screen image to the PC,
you must use the oscilloscope’s file man-
ager. | found the file manager confusing
to use and needed several tries to un-
derstand its operation. I also found the
communication-cable connectors diffi-
cult to insert. You must press the con-
nector’s release button to insert it into
the socket, and, even then, you must jig-
gle the connector to make a secure con-
nection. You could break the clips if you
push too hard. In addition, the molded
cover designed for the communications
and power connectors kept popping off,
but the cover is attached to the unit, so
you can’t lose it.

The AEMC OX 7104-C is a power-
ful instrument. Its bandwidth and resolu-
tion make it a viable alternative to some
bench scopes, and its ability to mix and
match oscilloscope and DMM inputs
with its four channels is unique. The in-
strument has a few quirks, though, partic-
ularly when saving files for PC download-
ing, and its price is difficult to justify.

FLUKE 199C SCOPEMETER

At half the price of the AEMC and
nearly twice the price of the Agilent and
Protek models, the Fluke 199C Scope-
Meter boasts the highest bandwidth of
the lot—200 MHz—and the highest
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sampling rate: 2.5G samples/sec (Fig-
ure 2). Fluke pioneered the handheld-
oscilloscope market, and the 199C has
come a long way from the original Scope-
Meter. The 199C is far easier to use than
its ancestors. The buttons are neatly or-
ganized—though slightly too close to-
gether—and the four soft keys are easy
to understand.

The screen is the largest of the four
models I evaluated. It looks bright and
clear when I used it indoors, but the plas-
tic cover is so shiny that you can’t see the
traces outdoors because of reflections.
The oscilloscope has a hand strap on its
left side, but you can move it to the right
side, making this the only one of the four
instruments that addresses the needs of
lefties. Moving the strap, however, means
covering the optical communications
port. The Fluke oscilloscope also has the
most rugged stand of the group, and it is
the only one with a strap that lets you
hang the instrument while in use.

The ScopeMeter has two dedicat-
ed buttons, “Zoom” and “Replay.” The
zoom button cuts the time/division in
half, which gives you a quick two-times
zoom of the waveform. The replay but-
ton gives you a link to the past, letting
you view the last 100 screens in reverse
chronological order. When you exit the
replay feature, you lose the data, because
the scope starts recording the next 100
screens.

The Fluke recorder feature stands
out. It has three modes, of which two
are for the oscilloscope, not just for the
DMM. The scope trend plot lets you re-
cord scope measurements such as peak-
to-peak voltage, ac voltage, rise time,
and frequency. [ used it to record peak-
to-peak voltage and frequency because
they’re easy to change in the function
generator. The Scope Record option lets
you store a long string of scope acquisi-
tions into the unit’s deep memory. The
DMM recorder lets you plot a selected
DMM measurement. I chose V rms and
produced a trend plot.

Trend plots let you look at long-term
changes in a signal. The 199C records
data until its memory fills, and then
it compresses the data to free half the
memory and thus double the unit’s ca-
pacity. Record size is 27,000 points per
input. You can set the instrument to
stop recording when the memory is full,
and you can use the time/division but-
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Adapters for the AEMC oscilloscope let you mix and match scope and DMM channels.

ton to increase or decrease the time/
recorder screen.

The FlukeView software lets you take
asnapshot of the instrument’s screen, but
it doesn’t provide oscilloscope updates in
real time. It also provides limited online
control of the instrument—once you find
that feature in the program’s Instrument
menu. You can change modes, including
scope, meter, and logger, and you can re-
call setups. You can operate the recorder
to capture DMM measurements in real
time as well as save setups, print, and log
data to the PC. You can also get a spec-
trum display of an input signal after first
downloading a waveform display.

The Fluke 199C is a powerful hand-
held oscilloscope. If you're left-handed,
it’s the one for you. Its hanging strap
makes the instrument useful for electri-
cal applications in which you often need
both hands free. The software is good for
downloading data for offline storage and
analysis. Perhaps the only drawback is
the highly reflective screen cover.

AGILENT AND PROTEK UNITS

Because of the striking similarities
between the Agilent and Protek instru-
ments, you can’t talk about one without
talking about the other. So, I'll first dis-
cuss their similarities and then point out
their differences.

The user interface on both instruments
uses four soft keys and a wheel. I found
Protek’s wheel easy to spin, but Agilent’s
was difficult, often requiring two hands.
The soft keys let you set parameters such
as oscilloscope vertical and horizontal
scales, triggers, measurement functions,
math, and utilities. One utility lets you
enable or disable the instrument’s mini-

USB connectivity port and the standard
USB port for use with flash memory. You
must navigate the utility menu to find
the setting to enable the USB ports.
With USB off, you get no communica-
tions or flash-memory access.
Measurement functions include peak
to peak, rms, frequency, rise time, and
fall time. You make a measurement by
pressing the corresponding soft key and
using the wheel to scroll through the
choices. The math menu also lets you
select FFT and a filtering window—

¥ e % 9 TUTTHER

Digital Oscllioscop:

Figure 4 Protek’'s 860F would benefit
from buttons for vertical and horizontal
settings.
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Agilent's PC software (a) and Protek's PC software (b) bear striking similarities, as do

their firmware.

Hamming, Hanning, Blackman, or rect-
angular—and you can get spectral plots
in real time on the screen.

Pressing the Meter button brings up
a blank screen with three soft-key op-
tions: voltmeter, ohmmeter, and auxil-
iary meter. Pressing the auxiliary-meter
key (F3) brings up choices for temper-
ature, current, humidity, and pressure.
For the voltmeter, you can choose from
ac/dc, minimum/maximum, and relative
measurements. To return to other meter
functions, you must press the meter but-
ton, which brings you to the top of the
meter menu; there’s no “back” button.
Pressing the ohmmeter button gives you
resistance, diode, continuity, and capac-
itance measurements. (I wouldn’t have
expected to find capacitance buried un-
der ohms, though.) You make your selec-
tion by repeatedly pressing the F1 key.

The onlysignificant difference between
the Agilent (Figure 3) and the Protek
(Figure 4) user interfaces occurs on the
screen when you enter DMM mode. The
Agilent screen describes the meter func-
tions, whereas the Protek screen is blank
until soft-key functions appear.

Both instruments let you save screens
and waveform data to a USB flash drive.

To peruse EDN's test-and-measure-
ment design center, go fo www.edn.
com/test.

You can save screens in graphical for-
mats for importing into reports, and you
can save data in text format for import-
ing into Excel or other software. You can
also save screens in a proprietary format
that you can open with the PC software.

The PC software on the two instru-
ments is also strikingly similar, right down
to the word “horizon” over the horizon-
tal scale (time/division) indicator. The
software lets you take complete control
of the instrument and get screen updates
in real time. It also lets you view mea-
surement parameters, save waveforms in
digital form, and capture screens. Once
you install the software and turn on each
instrument’s USB function, you establish
communications by clicking on the vir-
tual power button.

Hardware, firmware, and PC-software
differences, however, are worth noting.
Agilent provides buttons for vertical
and horizontal screen settings. Protek
makes you change all settings through
menus. Agilent uses a color screen,
whereas Protek’s screen is monochrome,
and the monochrome screen is easier to
see in daylight than the color screens
from Agilent, AEMC, and Fluke. Protek
gives you 20 MHz more bandwidth than
Agilent. Both companies offer 20- and
40-MHz models, with Protek also offer-
ing a 60-MHz model. Agilent includes
a logger function for recording DMM
measurements. Protek doesn’t.

Other physical differences include a
strap on the Agilent unit only. Both in-
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struments have a holster, but Protek’s is
rather loose-fitting. Protek is the only os-
cilloscope of the four that lets you install
any AA-size batteries, which means you
can buy extra batteries anywhere. The
others force you to buy a custom bat-
tery pack. Protek’s stand design requires
you to push and pull on it to lock it into
place. I nearly broke the stand the first
time I attempted to close it.

Although the oscilloscope BNC con-
nectors are mounted on top of both in-
struments, Agilent’s case causes the con-
nectors to be recessed, making it diffi-
cult to connect and lock the probes un-
less you have especially small fingers.

Protek’s power button gave me prob-
lems. It is somewhat sticky. I had to pull
it out with my fingernails each time I
turned the unit on or off. The first time
[ attempted to shut down the unit, the
button stuck in the on position over-
night and drained the battery.

Although the PC software (Agilent
PC Link and Protek WaveLink) is near-
ly the same, the installation procedures
differ. With Protek, you simply run the
setup routine. The drivers and oscil-
loscope application will easily install.

GIVEN THAT THE
OPERATIONS AND
PRICES OF THE AGILENT
U1604A AND PROTEK
860F ARE STRIKINGLY
SIMILAR, THE CHOICE
COMES DOWN TO THE
SMALL DIFFERENCES.

Communication to the instrument was
easy once | enabled the USB port.

Agilent requires you to install the
drivers separately. I was at first unable
to get the Agilent U1604A to commu-
nicate with the PC. I believe the cause
was the Protek driver, which uses the
same files as Agilent. Several phone
calls and e-mails to Agilent technical
support failed. The solution: Reformat
the PC’s hard drive to eliminate all Pro-
tek drivers. Even then, the Agilent in-
stallation was awkward. It’s easy to make
a mistake and have the PC fail to com-
municate with the oscilloscope.

Given that the operations and pric-

es of the Agilent UI604A and Protek
860F are strikingly similar, the choice
comes down to the small differences. If
you need PC connectivity, go with the
Protek instrument until Agilent updates
its software-installation procedure. Agi-
lent claims that it has addressed these is-
sues since | posted my blog. You should
also select Protek if you need to replace
batteries in the field or if you need the
additional 20-MHz bandwidth. If you
insist on buttons for basic oscilloscope
settings, a recorder function, a color dis-
play, or a handle, then choose the Agi-
lent model.Ebn

FOR MORE INFORMATION
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Gain-of-two sample-and-hold
amplifier uses no external resistors

Maridn Stofka, Slovak University of Technology, Bratislava, Slovakia

When you need to simultane-

ously sample a signal and am-
plify the signal level, you can cascade a
common gain-of-one sample-and-hold
amplifier and an amplifier with a volt-
age gain of one. With some exceptions,
such an amplifier has two external re-
sistors (Reference 1). These resistors
dissipate power even at the steady
state of the sample-and-hold amplifier.
In monolithic ICs, power dissipation
and the consequent generation of heat

from resistors are not the only items
in the list of the drawbacks of exter-
nal resistors. Integrating precise resis-
tors within a silicon chip requires more
processing steps, because such resistors
are thin-film NiCr (nickel-chromium)
or SiCr (silicon-chromium) elements.
Manufacturers laser-trim these resistors
to a tight tolerance value, contributing
to the cost of an IC. Because these re-
sistors occupy more chip area than
standard signal-processing transistors,

EDITED BY CHARLES H SMALL
AND FRAN GRANVILLE

NIJeo

READERS SOLVE DESIGN PROBLEMS

DlIs Inside

98 Circuit for measuring motor
speed uses low-cost components

100 Battery monitor also enables
constant-power-boost converter

What are your design problems
and solutions? Publish them here
and receive $150! Send your
Design Ideas to edndesignideas@
reedbusiness.com.
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Figure 1 This sample-and-hold amplifier achieves a voltage gain of two by simultaneously tracking the input voltage on
capacitors C, and C,, “stacking” these capacitors within the sample interval, and storing the value of the stack’s voltage

in capacitor C..
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the chip must be larger, fur-
ther increasing the final cost.
It’s no wonder that designers
of monolithic ICs as much as
possible avoid using precision
resistors.

If the required voltage-gain

of a sample-and-hold ampli-

_X.\_

fier is an integer, which it is ' : N —
. INTERNAL 1 |
in most cases, you can use an TRACKING | : !
alternative way of increasing OFINPUT ! : :
the magnitude of the output ' ' '
signal. For a voltage gain, G, : STORED ;
the circuit can simultaneous- : VOQL\IAGE ;
\ s2 .

ly track input voltage, V
on temporarily ground-ref-
erenced tracking capacitors.
Subsequently, an interruption
occurs in tracking and can-
cels the ground referencing
of G—1 of these capacitors.
Meanwhile, the tracking capacitors
stack on top of each other. The volt-
age on the stack is the sum of voltages
of all of these capacitors, and it thus
has the value of GV, . Upon the sam-
ple command, the constant voltage of
GV, gets stored in the G+1 ground-
referenced storing capacitor.

Figure 1 shows an example of a sam-
ple-and-hold amplifier with a voltage
gain of two. Voltage followers control
the potentials on capacitors C,, C,, and
C, using their shutdown function. The
design uses Analog Devices’ (www.
analog.com) AD8592 dual op amps be-
cause their output-leakage current in
shutdown mode can be lower than 10
pA (Reference 2). You can follow the
operation of the sample-and-hold am-
plifier with the timing diagram (Figure
2). The external logic-control signal,
Q,, is at a low level, and the C, and
C, capacitors simultaneously track the
voltage at its input. The shutdown in-
puts of followers A, B, and A, are tied
together. At Q =high, they are en-
abled, so the input voltage appears at
the outputs of A and B, and no volt-
age appears at the output of A,. After
the high-to-low transition of QD, adead
slot follows with each of the controlled
followers turning off. At Q=high, B,
and B, turn on. Thus, the voltage in
C, appears at the output of B,. The
potential of the input voltage occurs,
therefore, at the lower node of C, (Pin

| NOVEMBER 8, 2007

Figure 2 The external-control-logic signal, Q, splits into
two quasicomplementary signals, Qg and 6D, to avoid
any internal cross-conduction in the amplifier.

2 of IC,). Because C s voltage has the
same value as the input voltage and
the output voltage, the B, follower is
2V, Capacitor C, thus charges to the
voltage of 2V . After the high-to-low
transition of Q, another dead slot fol-
lows to prevent any cross-conduction
in the circuit. At the next high-to-low
transition of Q, the process repeats.

The A, follower serves as an imped-
ance converter, outputting the volt-
age in C,. The single NOR and AND
gates, together with op amp IC, func-
tioning as a delay line, modify the
single external-logic-control signal to
create the properly timed internal logic
signals, Q and Q..

For a noise analysis, assume that the
noise characteristics of each of the
followers are the same—namely, the
standard deviation, o, of the random
component of the output voltage of a
single follower. At the end of the track-
ing interval, both C, and C, charge to
the input voltage. The standard devia-

IT'S NO WONDER

THAT DESIGNERS

OF MONOLITHIC ICs
AS MUCH AS POSSIBLE
AVOID USING
PRECISION RESISTORS.

tion of the V, voltage is o,

only for the A follower. The
a | standard deviation of V,
voltage is, however, \/20,,
because C, charges through
two series-configured follow-
ers, B, and A,. The standard
deviation of V +V_,, voltage
thus has the value of \/30,.
Qp | The voltage of V,+V_,, ap-

plies to C; through two fol-

lowers in a cascade, B, and
Qs B,, within the sample inter-
val. Further, the V , voltage
applies to the output through
the A, follower. Because all
of the noise sources are mu-
tually independent and be-
cause they all effectively act
in series, the standard devia-
tion of the output voltage is
GOUT=\EG . Increasing the integer
gain to the value of G yields\/3Go .
You now pose an RSNR (relative sig-
nal-to-noise ratio) as gain, G, over a
relative increment of noise at the out-
put, yielding:

RSNR = S = 9
Sout 3
Oa

For the sample-and-hold amplifier
in Figure 1, the RSNR equals 0.8165,
meaning that the noise characteristics
of the circuit are slightly worse than
those of a single follower. For a gain of
three, the RSNR has the value of one,
and, starting from a gain of four, at
which the RSNR is 1.155, it gradually
rises with increasing gain. The conclu-
sion is that, for voltage gains of four or
higher, the noise characteristics of the
sample-and-hold amplifier are better
than those of a single follower.Ebn
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Circuit for measuring motor speed
uses low-cost components

R Garcia-Gil, J Castell6, and JM Espi,

Escola Tecnica Superior d'Enginyeria, University of Valencia, Spain

This Design Idea uses a micro-

controller, a 16X2-key LCD,
and a rotary encoder to measure and
visualize the speed of a motor (Figure
1). You measure the rotor speed of the
motor using an incremental encoder
coupled to the motor shaft, which pro-
vides quadrature pulses with a frequen-
cy proportional to the rotor speed. The
1024-pulse rotary encoder is the RS-
32-0/1024ER.11KB from Hengstler
(www.hengstler.com). You can calcu-
late the rotational speed of the motor,
o, by counting the number of revolu-

tions that the encoder axis, n,, makes

during a certain time period, t, You
calculate n,, by counting the number
of pulses, n,, that the encoder generates
during this fixed period, t,: n,=n,/1024
for this encoder. And the rotational
speed is

_60xny

tp tp X 1024

OR

where 8=60/(t,X1024) rpm represents
the resolution of the measured speed.
To obtain a resolution of 1 rpm for this
application, the fixed period you use
as a timebase is 60/1024=58.59 msec.
In this Design Idea, a low-cost micro-

controller, the PIC16F873, IC , from
Microchip (www.microchip.com) per-
forms these operations. This microcon-
troller also drives the LCD, IC,, which
shows the rotational speed in rotations
per minute.

In a similar fashion to the circuit in
Reference 1, you apply the quadrature
pulses of the encoder to IC,’s RBO/INT
input, which generates a high-priority
interrupt at the rising edge of the pulse.
These interruptions allow you to com-
pute n, by increasing a counter, which
initializes after it reaches fixed period
t, Moreover, the microcontroller’s in-
ternal 8-bit timer, Timer O, registers t,,
which generates a t,, (timer interrup-
tion) each 286 psec for a clock fre-
quency, f_, of 14.3 MHaz: t =4X25/
f.  /4=1286 psec. This calculation
means that fixing the timebase, t,, re-
quires 205 timer interruptions (t,/t,).

5V
9 1 4 vCel2
O0—2] RAO/ANO RCO/T10SO/T1CK1 RS
o—2]rat/AN1 RC1/T108l/CCP2 12 51rw 6 KQ:QLCD YN E! P,
X
O0— RA2/AN2/VREF — Rc2/ccPt 12 10k
00— ras/aNa/vREFL  RC3/sckrscL P4 6lE DO D1 D2 D3 D4 D5 D6 D7 GND|!
6| raurmock 15 7[ 8] o[1o[ 11l 12[ 18] 14
O 16 -
0—"] RAS/AN4/SS RCS5/SDO - =
RCB/TX/CK
5VO—e—8 201\pp o RC7/RX/DT |18
1
c l PIC16F873
1 R1
100 nFI a7k o
- , RBO/INT
22
MCLR/VPP T
C, = 9 rB2 22
100nF |_17 0SC1/CLKIN ’1a
C, 14-MHz RB3/PGM
33 pF :ICRYSTAL1 rBa |28
0OSC2/CLKOUT ris |28
s 81vsst 27
33 pF [ 19 RB6/PGC [—O
L 4 VSS2 28
1 RB7/PGD 22— c,
J2

Figure 1 This circuit for measuring a motor’s speed includes a PIC microcontroller and an LCD. It also provides an analog-

to-digital conversion without an ADC.
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When the counter reaches this time,
the count, n,, determines the rotation-
al speed, according to the equation. Fi-
nally, this value appears on the screen
of the LCD.

In addition, a digital-to-analog con-
version is necessary if the control sys-
tem must measure the rotational speed.
You can do this conversion without
adding an expensive DAC by apply-
ing a PWM (pulse-width-modula-
tion) output of the microcontroller

to a lowpass filter comprising R, R,
C, C, and IC,. The frequency of
the PWM signal is 20 kHz, and the
cutoff frequency of the lowpass filter
is 160 Hz, which is much lower than
the PWM frequency. In this design, the
maximum duty cycle of the PWM sig-
nal corresponds to a rotational speed of
1500 rpm.

You can download the source code
for IC’s program from the online
version of this Design Idea at www.

Battery monitor also enables
constant-power-boost converter

Rex Niven, Forty Trout Electronics, Eltham, Victoria, Australia

Some microcontrollers permit

operation below a supply volt-
age of 3V. This feature allows power-
ing directly from a 3V alkaline or lith-
ium battery without the voltage drop
and leakage current of a regulator. It is
important to monitor the battery volt-
age to ensure system integrity, and you
can also use this information for sys-
tem purposes. The circuit in this De-
sign Idea maintains constant power to
a white-LED-display backlight by ad-
justing the duty cycle of a boost-power
converter. However, an ADC nor-
mally needs a fixed voltage reference
(Figure 1), which would require two
input pins for this function. This De-
sign Idea turns the ADC’s architecture
inside out, providing the voltage-refer-
ence function using no extra pins.

The monitor circuit in Figure 2 in-
tegrates an ADC within the micro-
controller. The converter uses the
battery voltage as a reference volt-
age. The principle is the opposite of
normal: You want to measure a fixed
voltage using a variable-voltage refer-
ence (the battery). For an 8-bit con-
verter, the result for this example is
(1.18V/V,,;)X256. Note that a high
value indicates that the battery volt-
age is low. Also, you can use the mi-
crocomputer pin that connects to the
reference for another purpose. This
example normally uses Pin 6 as an
output to the pulse-indicator LED,
LED,. However, by briefly changing
the port direction to analog-input
mode, you can complete the battery-
measurement operation, including

edn.com/071108dil and assemble
the software with MPLab from www.
microchip.com. You can alter con-
stants within the software according to
the encoder you use and your required
resolution from the equation.EDN

REFERENCE

il Jain, Abhishek, “Versatile digital
speedometer uses few components;’
EDN, May 12, 2005, pg 95, www.
edn.com/article/ CA529384.

VARYING-SUPPLY VOLTAGE

ADC

FIXED
VOLTAGE

& O

Figure 1 An ADC normally needs
a fixed voltage reference, which
would require two input pins for
this function.

settling, sampling, and conversion,
in less than 0.1 msec.

The example uses a PIC12F683 mi-
crocontroller and a voltage reference
of 1.25V for the LM4041. R, biases
the reference. R, ensures that the mi-
crocontroller output can rise to 3V to
turn on transistor Q without damag-

1 c
1wk
R, L
3.3k 1 8 -
>1vee IC, GND [
OT GP5 PIC12F683  GPO/ANO fe O
OT GP4/AN3 GP1/AN1 5
GP3/MCLR GP2/AN2 PO

BATTERY

Figure 2 This monitor circuit integrates an ADC within the microcontroller. In this circuit, the converter uses the battery

voltage as a reference voltage.
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ing D, Resistors R; and R, ensure that
the transistor is extinguished during
the battery measurement. R, R, and
R, introduce some attenuation, which
you must take into account.

Figure 3 shows the monitor with
the addition of a constant-power volt-
age-booster circuit. The PWM (pulse-

width-modulation) output of the mi-

constant power from the booster, the
required duty cycle linearly relates to
the ADC’s converted value.

Battery technologies vary in their
discharge characteristics. Alkaline
batteries have high capacity but drop
their open-circuit voltage as they op-
erate. The open-circuit voltage can
provide a good estimate of battery

crocontroller drives the converter. For | charge. However, alkaline batteries

also have internal resistance and ex-
hibit a recovery phase after supplying
a heavy load. The resistance increas-
es with low temperature and low bat-
tery charge. To determine the battery’s
state, you can take measurements be-
fore and immediately after a high-cur-
rent load is active. This approach al-
lows estimation of both internal resis-
tance and battery charge.EDN
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Figure 3 This monitor adds a constant-power voltage-booster circuit. The PWM output of the microcontroller drives the

converter.
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Arrow targets nontypical CONSUMER- =
distribution with foundry play DEMANDHIGH S

he NAC (North Ameri-
Tcan Components) busi-

ness of Arrow Electron-
ics Inc (www.arrow.com) is
looking at distribution from a
different angle. The Melville,
NY, company recently estab-
lished a relationship with IBM
Global Engineering Solutions
(www.ibm.com/technology).
The relationship couples Ar-
row’s custom-chip-design
and -logistics capabilities with
IBM's foundry products and
services. The relationship tar-
gets the FPGA market, rath-
er than the ASIC market, in
which IBM has ties to top
distributor and Arrow’s chief
competitor, Avnet Inc (www.
avnet.com). With the addition
of IBM-foundry services, Ar-
row believes it will be able to
expand its custom-logic port-

folio to reach a broader cus-
tomer base.

“We're putting together long-
term plans for a successful en-
gagement that are from design
services/COTS [commercial off
the shelf], down to wafer says
Christopher Miller, director of
Arrow's Custom Logic Solu-
tions group. “It's a nontypical
distribution agreement [com-
pared with] what you've seen in
history. We believe it's a first”

The move away from the tra-

ditional distributor-ASIC model
was intentional, says Miller, who
believes another ASIC rela-
tionship would not be the right
economic model for the next
few years and who maintains
that customers want lower
cost to entry for more complex
products. “Foundry is different
from ASIC. If you look at IBM
and its substantial relationship
with Avnet through the years,
this [relationship] is a comple-
mentary model to an ASIC flow
through Avnet. We believe that
we bring a lot to IBM and that
they bring a lot to us without
upsetting IBM’s current chan-
nel partners. Customers want
to be able to make decisions
based on what they have in the
flexibility of their vendors, and
we feel that we finally have that
flexibility he says.
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UNITED KINGDOM WANTS TO KNOW

WHAT YOU THINK OF ROHS

The United Kingdom is currently seeking
opinions of electrical- and electronic-equip-
ment producers about EU (European Union)
ROHS (restriction-of-hazardous-substances)
regulations, exempt applications, and enforce-
ment in the EU member states. In doing so,
the UK Department for BERR (Business,
Enterprise and Regulatory Reform, www.berr.
gov.uk) in September issued the “Consultation
on the Changes to the Restriction of the Use
of Certain Hazardous Substances in Electrical
and Electronic Equipment Regulations Sl
2006/1463" document. The consultation seeks
views on the proposed replacement of this docu-

NOVEMBER 8, 2007

ment with a new set of ROHS regulations.

The consultation document does not seek
views on the provisions of the directive itself,
which the EU—not member states—governs, but
on proposed changes to ROHS regulations that
include “the way in which the regulations refer
to those applications of hazardous substances
that are exempt from the ROHS directive, and
the provisions dealing with the investigation
and enforcement of compliance with produc-
ers’ obligations” BERR has set a closing date
of Nov 29, 2007.

To respond to the inquiry, visit www.berr.gov.
uk/files/file41224.pdf.

FORTHE HOLIDAYS

Demand for consumer
electronics will once again be
high this holiday season, with
market-research company
In-Stat (www.in-stat.com)
reporting that more than 80%
of respondents to a recent
survey plan to purchase a
consumer-electronics product
during this holiday season. “In
2007, HDTVs [high-definition
televisions] top consumers’
holiday wish lists, most likely
due to plummeting prices

for these products;’ says
Stephanie Ethier, an analyst
at the company.

However, HDTV purchases
won't be only for gift-giving.
In-Stat reports that, although
consumers will likely pur-
chase portable products as
gifts, they will likely purchase
higher priced products
requiring more research and
preference, such as HDTVs
and digital camcorders, for
personal use.

Either way, In-Stat expects
HDTVs to bump digital camer-
as, a long-time holiday-season
top electronics choice, down
to the third spot. In-Stat pre-
dicts that PCs will jump up to
the second spot this year, as
both desktop and laptop PCs
advance into multimedia de-
vices used for video viewing,
music playback, and imaging
applications. The company's
survey received more than
2000 responses from North
American consumers.
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Support Across The Board.

From Design to Delivery”

Now, you can have it all.”

Faster and easier than ever before. Our commitment
to customer service is backed by an extensive product
offering combined with our supply chain and design
chain services — which can swiftly be tailored to meet
your exact needs. We have dedicated employees who
have the experience to provide the highest level of
customer service with accuracy and efficiency. All of
our technical experts are factory certified on the latest
technologies, providing you the expertise to move
projects forward with speed and confidence.

Avnet offers the best of both worlds: extensive product
and supply chain knowledge, and specialized technical
skill which translates into faster time to market — and the
peace of mind that comes from working with the industry’s
best. Avnet is ranked Best-In-Class* for well-informed
sales reps and knowledgeable applications engineers.
Proof that we consistently deliver:

> Industry-recognized Product Expertise
> Specialized Technical Skills

Ready. Set. Go to Market."
Visit the Avnet Design Resource Center” at:
www.em.avnet.com/drc

SAME-DAY
| SHIPPING

==AVNET

=== electronics marketing

1 800 332 8638
www.em.avnhet.com

*As rated by Hearst Electronics Group, 2006 The Supplier Interface Study.
©Avnet, Inc. 2007. All rights reserved. AVNET is a registered trademark of Avnet, Inc.
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Some companies are just known for their consistent quality.

From quote to delivery, we serve up the world’s best online PCB ordering.
Consistent, quality proto-boards, every time.

www.sunstone.com

. 2-6 layer, quickturn proto-boards “Sunstone has done a great job with all of our orders. We rely on
' your easy online ordering system, quality B

« Complete customer service, 24/7, 365 days a year boards, and fast lead times.” 1
« Over 30 years of manufacturing experience

. . . . - Sunst t feedback
« The ultimate in easy online PCB ordering yrstone cstomer feedbac

¥ sUNSTONE
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CONNECTORS

VFD cables channel power

from ac-drive systems to ac motors

Targeting ac-motor-drive applications, the symmetrical VED (varying-frequen-
cy-drive) cables carry power from industrial ac-drive systems to ac motors. A

g Sphere” © 2007 The M.C. Escher

M.C. Escher’s “Hand witht Rc-‘zfléotin

dual-copper-tape shielding provides a low-resistance path to ground for improving
common-mode-current containment. The dual spirally applied tapes allow improved
flexibility and effective radiated- and conducted-noise protection. The cable reduces
ac-motor shaft voltage by using three symmetrical bar-ground wires, providing a bal-
anced ground system, and reduces the chance of premature motor-bearing or motor-

insulation failure. Prices for the VFD cables range from $1.94 to $17.42/ft.

Belden, www.belden.com

SMT contacts come
in a variety of heights
and pitches

Providing an electrical connec-

tion between a device and a PCB
(printed-circuit board), these single-
piece, stamped SMT (surface-mount-
technology) contacts use preload and
antilift features. The contacts reduce
qualification time by connecting a num-
ber of device components in any direc-
tion and configuration using the same
interface. The universal contacts come
in 1.3-mm heights with a 1.35-mm
pitch, 1.8-mm heights with a 1.25-mm
pitch, 2.5-mm heights with a 1.35-mm
pitch, and 3.5- and 4-mm heights with

a 1.45-mm pitch. Side wings protect the
active parts of the contact, preventing
contact from overstressing and potential
damage, and a solder well prevents sol-
der from wicking up the contact. Prices
for the SMT contacts range from 5 to 8
cents, depending on volume.

ITT Electronic Components, www.
ittcannon.com

HDMI interconnects do
not diminish resolution

over long distances

Multiplexing digital-video data
onto a single fiber strand provides

the 1650LD fiber-optic HDMI (high-

3 reserved. wwiw.mcescher.com

4

;

Company-Holland. AllYight

PADS® PCB Design Solutions

Turn your next PCB design
into a vision of the artist
within when you use the PADS
complete PCB solution.

If you're looking for a way to
reflect your true inner genius,
PADS offers an easy-to-use,
intuitive, and powerful solution
to help you create your
next PCB masterpiece — at a
most affordable price. To look
deeper into the world around
you, download our latest
tech paper at
www.mentor.com/rd/padspaper3
or call 800.547.3000

© 2007 Mentor Graphic Corporation. All Rights Reserved.
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APPLICATION WORKSHOPS FOR HIGH-PERFORMANCE ELECTRONIC DESIGN

HIGH-PERFORMANCE
SIGNAL & POWER INTEGRITY

N HIGH-PERFORMANCE ASIA - NORTH AMERICA - EUROPE
IC DESIGN & VERIFICATION SEPTEMBER 12 - NOVEMBER 15, 2007

Join us for First-Pass System Success,
Ansoft's technical application work-
shops for high-performance

electronic design.

H-PERFORMANCE
ECTROMECHANICAL SYSTEMS

HIG
EL

HIGH-PERFORMANCE
RF & MICROWAVE

Explore design techniques and simulation technologies for IC, packaging, RF & microwave,
system signal integrity, system-level EMI, low power and much more.

Discover how to design systems that integrate RF/Analog/Digital SoC solutions with memory,
graphics, storage, antennas, displays, cameras, and MP3 players.

Learn how to integrate electromagnetic components, power electronic circuits, and controllers
into high-performance electromechanical systems.

Discuss with industry leaders how to achieve first-pass system success!

Get more information and register online: ansoft.com/firstpass
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CONNECTORS

definition-multimedia-interface) inter-
connect series with a thin, flexible, and
durable cable. The interconnects come
in 50 and 100m lengths, provide 1080p
HD resolution over long distances, and
are dimensionally HDMI-compliant
from end to end with no bulges in the
cable or bulky connector heads. The
50m version costs $1499, and the 100m
version costs $2299.

VizionWare, www.vizionware.com

ZIF connector series
comes in upper- and low-

er-side-contact versions
Targeting mobile phones, digital
still cameras, digital videocameras,
and display applications, the YLL ZIF
(zero-insertion-force) connector series
comes in a D-Series and a U-Series. The
D-Series has bottom-side contacts, and
the U-Series features upper-side con-
tacts. Both series include 0.3-mm spac-
ing and 13 to 45 contact positions. The
D-Series has a 1-mm maximum height;

the U-Series has a 1.05-mm maximum
height. Available in a 0.3-mm pitch, the
41-position ZIF connector costs 57 cents
for one to 5000 units.

FCI, www.fciconnect.com

Two-conductor connector
splices three- and five-

conductor connectors
N Adding to the vendor’s Lever-Nuts

222 compact-connector series, the
222-412 connector has a two-conductor
splice joining the
three- and five-con-
ductor models in
the series. The de-
vice has a UL/CNL
listing as high as
600V/20A and ac-
commodates  solid
and stranded conductors in sizes ranging
from AWG (American wire gauge) #12
to 28 in the same unit. The Lever-Nuts
222-412 costs $19.50 (100).

Wago Corp, www.wago.com

COMPUTERS AND PERIPHERALS

Monitor has high NTSC
color gamut

Featuring nearly 100° of NTSC

color gamut for CCFL (cold-cath-
ode-fluorescent-lamp) displays, the 19-
in. SyncMaster has a 2000-to-1 con-
trast ratio. The TFT (thin-film-transis-
tor) LCD monitor also offers a 2-pusec
response time. The SyncMaster 931C
costs $299.99.

Samsung, www.samsung.com

DVD-RAM drive features a

high-speed USB interface
Measuring 5.43X6.38X0.87 in.
and weighing less than 1 b, the
PX-608U portable DVD*R/RW CD-R/

RW drive has a 2-Mbyte buffer and
uffer-underrun-proof technology. The
device supports 5X DVD-RAM and
offers as much as 9.4 Gbytes of storage
per double-sided disc. The device also
has recording speeds of 8X DVD=R
on single-layer media and 4X DVD=R
on dual-layer media. The drives sup-
port 8X DVD+RW, 6x DVD+RW,
8X maximum DVD-ROM, and 24X
CD-R/RW/ROM. The PX-608U costs
$199.99.

Plextor, www.plextor.com

Cards have effective

data rate of 2 GHz
With a 2-GHz effective data rate,
the Radeon X1950 XTX and

The secret to successful
high-speed PCB design.

Simulate fast driver edges and
new bus technologies with
HyperLynx® — the most
widely used high-speed PCB
simulation software.
HyperLynx provides both
pre- and post-layout analysis
of signal integrity, flight times,
crosstalk, multi-gigabit
SERDES technologies and
EMC, and is compatible
with all major PCB design
flows, including PADS?

To find out more, download
the latest hands-on
high-speed tutorial from
www.mentor.com/rd/tutorial

or call 800.547.3000.

© 2006 Mentor Graphics Corporation. All Rights Reserved.
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Intersil Display Products

High Performance Analog

Improve your display sotorss B st | ioters
performance with Intersil’s "

high-performance mixed

5|gna| and power ICs. Display Products:

— Ambient Light Sensors
— Programmable Gamma Buffers
— Vcom-Adjusting DCPs
— DC/DC Sub-systems
* Boost
+ Charge Pumps
* System Power
— Backlight LED Drivers

Whether you're powering a small, medium,
or large panels, we've got what you need.
Everything from the industry’s best
programmable buffers and your DC/DC
sub-system to RGB backlight drivers and
award-winning ambient light sensors.

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

Intersil — An industry leader in Switching Regulators and Amplifiers.

©2007 Intersil Americas Inc. Al 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).

intersjl.

HIGH PERFORMANCE ANALOG
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COMPUTERS AND PERIPHERALS

X1950 CrossFire Edition graphics cards
employ GDDR4 (series four of graph-
ics-double-density-rate) memory tech-
nology. The X1950 series cards each
cost $449.

ATI Technologies, www.ati.com

Controllers, adapter
connect devices to
desktop

The IDE JBOD (just-a-bunch-of-

disks)/RAID (redundant-array-
of-inexpensive-disks) PCle (PCI Ex-
press) controller adds an extra channel,
RAID capability, and JBOD capability
to any desktop system, and you can in-
stall it in the PCle slot of either a stan-
dard-height or a low-profile PC. The
firmware enables setup of the two hard
drives as RAID 1 for real-time backup,
as RAID O for high performance, or as
JBOD to combine the capacity of the
two hard drives into one large volume.
The USB 2.0-to-eSATA (external-se-
rial-advanced-technology-attachment)
adapter is compatible with port multi-
pliers. The PCle ExpressCard control-
ler provides a way to add an Express-
Card socket to any desktop. The IDE
JBOD/RAID PCle controller and the
USB 2.0-to-eSATA adapter cost $29.95
each. The PCle ExpressCard controller
costs $32.95.
Addonics Technologies, www.
addonics.com

1-Tbyte external-
storage system has
two RAID options

N Shipped in the RAID (redundant-

array-of-inexpensive-disks) O set-
ting, the user-serviceable My Book Pro
Edition II consumes less than 26 in.? of
desk space and includes EMC Retro-
spect Express Version 7.5 backup and
system-recovery software. Users can set
the device to reserve half of its capacity

to mirror users’ data in real time using
the RAID 1 setting. The device also has
FireWire 800, FireWire 400, and USB
2.0 interfaces. The My Book Pro Edi-
tion II costs $549.

Western Digital Corp, www.western
digital.com

High-performance
monitors feature
high contrast ratio

N The 17-in. SyncMaster 731BF
and 19-in. 931BF monitors feature
a 2000-to-1 dynamic-contrast ratio with
a 2-psec response time. The 19-in. 971P
features a 1500-to-1 contrast ratio, a 6-
sec response time, a 178/178° viewing
angle, and a 1280Xx1024-pixel reso-
lution. The SyncMaster 971P, 731BE
and 931BF cost $379.99, $249.99, and
$299.99, respectively.
Samsung, www.samsung.com

Monitor integrates
down-firing speakers

Offering a 5-msec response time,

the LCD195WVXM monitor fea-
tures a 1440X900-pixel native reso-
lution and comes in a black cabinet.
The LCDI9SWVXM monitor costs
$284.99.
NEC Display Solutions, www.
necdisplay.com

Hard drive comes
with Retrospect
Express software
Packaged with an eSATA (ex-

ternal-serial-advanced-technol-
ogy-attachment) PCI card and cable,
the 320-Gbyte eSATA/USB also comes
with a USB 2.0 cable, a power cable, a
quick-start guide, and a CD. The 320-
Gbyte eSATA/USB costs $239.95.
lomega Corp, www.iomega.com

PADS" and HyperLynx
Available through Value Added Resellers

PADS resellers are full-service
companies that provide sales,
tech support and customized
services in your region. These
resellers are our partners; they
understand your needs and
can help you grow your
business. PADS resellers provide
solutions that will improve the
quality of your designs on time
and within budget. Visit
www.mentor.com/rd/buypads
or call us at 800.547.3000
to find your local reseller.

GrISRIY.

Copyright 2005 Mentor Graphic Corporation. All Rights Reserved.
Mentor Graphics is a registered trademark of Mentor Graphics Corporation.
All other company and/or product names are the trademarks and/or
registered trademarks of their respective owners.
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Look no further.

Central’s High Quality Discrete Rectifiers Voidless Glass Bead Packages

Central Semiconductor manufactures High Quality Devices shown actual size

Ultrafast, Fast, and General Purpose Rectifiers ) 4

. GPR-4AM

in voidless glass bead packages. N
GPR-1A

The advantages of selecting Central’s devices are clear:

Availahility — Stock to 8 weeks. Cost — Reasonably priced.

Delivery — Central’s on-time delivery record is >99.0%. Support — Central’s experienced sales support team
provides a single point of contact, from device
selection to purchasing.

Performance — Central’s devices meet or exceed
industry standard device specifications.
Samples — Free samples are available.

To order samples visit:

www.centralsemi.com/gpr3 or call 631-435-1110

Design — Central utilizes a High Temperature (660°C)
Metallurgical Bond, and a solid glass package for
maximum protection and passivation of the silicon chip.

RGHS

Compliant
Pb-Free Plating

1SO 9001:2000
Certified

central

Semiconductor Corp.

Small Signal
Transistors

Glass Passivated |
Rectifiers

Bipolar Power Energy Efficient
Transistors Devices

Transient Voltage

Rectifiers Suppressors

Thyristors

www.centralsemi.com

145 Adams Avenue, Hauppauge, NY 11788 USA ¢ Tel: (631) 435-1110 » Fax: (631) 435-1824
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SURFACE MOUNT
PROBING ADAPTERS

* BGA, QFP, PLCC, SOIC & QFN

* SMT adapters solder to target board

¢ Modular probe boards

¢ High quality ZIF sockets

¢ Gold plated test points
In-circuit test your SMT IC’s with logic analyzer
or scope. Simply solder SMT package emulator
and attach probe board. Request our Free
Catalog/CD today.

Also Quick Turn Customs

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

Ironwood Electronics

. ed Modems
m ' J' RJiMmforreliable,hig
~ simple toimplement S
T ™ le toimpl ial
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Featured -
Half-Inch Modem™
Serial TTL interface
1”x1"x0.3"

Global Compliance

Count on Radicom to reduce time-to-market,
lower cost, and improve product quality.

dicom

ble Modem Technology

.radi.com  408-383-9006 x112
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This advertising is for new
and current products.

M Networked, x86 Graphic LCD. controller
with Ethernet, CF FAT16, 24-hit ADC,
DAC, solenoid drivers, and relay:

@&

4.2x3" P
192x128 pixel (71x54 mm)
monochrome graphic LCD, 6 Keys
100M Base-T Ethernet, 2 RS232, 1/0, RTC
16 ch 24-hit ADC and 4 ch 16-bit ADC
8 ch. 16-bit DAC and 2 ch 12-bit DAC
CompactFlash card with FAT file system support
Solenoid drivers and Reed Relay
50+ Low Cost Controllers with ADC, DAC, solenoid drivers,

relays, PC-104,CF, LCD, DSP motion control, 10 UARTs,
300 1/0s. Custom board design. Save time and money.

1724 Picasso Ave., Suite A

Davis, CA 95618 USA
www.fern.com
INC. sales@tern.com

Tel: 530-758-0180 o Fax: 530-758-0181

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

P

» Development & Production Applications
» Surface Mount, Thru-hole, Compression Style
* BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more!

» Bandwidth - up to 30 GHz
« 7 different socketing systems
* Ask about our "ASAP Service"

ASAP

SERVICE

» Adapters and Receptacles too!

DESIGNING SOLUTIONS. CONNECTING TECHNOLOGY. DELIVERING RESULTS. SINCE 1983

Learn more, visit us online:www.emulation.com/049
408-982-0660 « www.emulation.com
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“The engineering professional’s link to technical literature”

Newly Revised

DISCRETE SEMICONDUCTOR
DATABOOK CD ROM

Central Semiconductor Corp. manufactures a
broad range of Surface Mount small signal
transistors, diodes, rectifiers, MOSFETs, and
thyristors. This newly revised CD ROM provides;

detailed datasheets, selection guide, cross

reference, surface mount package specifications,

and Chip Process datasheets with typical
electrical data curves.

Central Semiconductor Corp.

145 Adams Avenue ® Hauppauge, New York 11788 USA
631.435.1110 © Fax: 631.435.1824

Email: salesinquiry@centralsemi.com

Web: www.centralsemi.com/request/literature.aspx

BEI INDUSTRIAL ENCODERS

FOR DUMMIES

Specify and install encoders like a pro with this
complimentary guide. Find out how encoders
work, what makes a quality encoder, and what
environmental and electrical concerns to assess

i likeapro
iy and install encoders
ft’i’;?rg(m\pﬁmmmryguldel

BEI
Industrial

before they become an issue in your system.
Call 1-800-ENCODER or visit our website at

www.beiied.com/dummies.

A Reference
for the,

REF BrUST

VISIT MILL-MAX’S DESIGN GUIDE

i

ONLINE _ Ly
Search ¢ Download individual product drawings ~SES=S#S

and specs; =N

Browse ® 237 pages of standard offerings avail- & E\,\\?\:-' nE 7
able with traditional platings, as well as RoHs t_‘ | F =1 \/ HR

compliant platings; Desit de
Create ® Design in Mill-Max products from s
choices of standard and application specific parts

For our new Design Guide and to see new

products, go to www.mill-max.com/design

Response Code: EDN567

Mill-Max

190 Pine Hollow Road

Opyster Bay, NY 11771

Web: www.mill-max.com

POWER DISTRIBUTION AND
REMOTE MANAGEMENT

Pulizzi manufactures power distribution units
for rack mount electronic enclosures that
provide Circuit Breaker Protection, EMI/RFI
Filtering, Spike/Surge Protection, Remote Power
On/Off, Remote Reboot, (EPO) Emergency
Power Off, Redundant Power, Sequential
Power Up/Down. Domestic and international
configurations for OEMs and system integrators

| EE——
are available. Agency approved systems. (%) PULIZZI'

~Z_" ENGINEERING, INC.

SO 9001:2000 Certified.

Pulizzi Engineering, Inc.

Tel: (800) 870-2248 © Fax: (605) 334-4999
sales@pulizzi.com

www.pulizzi.com

KEITHLEY INTRODUCES MEASUREMENT
HOW-TO LIBRARY CD
The Simplified Test Toolkit is an interactive
tutorial CD that offers a collection of technical
seminars and presentations to help test engineers
create powerful, effective, and simple test and
measurement applications. Topics include:

e Software-defined radio architecture

e WLR testing
® Nanoscale measurements
® On-board test sequencing
e Keithley's SourceMeter® instruments, semiconductor characterization
systems, pulse/pattern generators, and RF instrumentation

Request a free copy of the CD at http://www.keithley.com/at/455.

Keithley Instruments, Inc.

Cleveland, OH 44139 © Tel: 800-588-9238 © www.keithley.com

To Place a Product Mart
ad in EDN Magazine

Contact: Barbara Couchois

for rates and further
information.

Tel: 781-734-8405
E-mail: barbara.coucl

reedbusiness.com
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To advertise in Literature Link, call Barbara Couchois at 781-734-8405



FREE TIPS AND TECHNIQUES FOR
INTEGRATED SWITCHING CD
Keithley’s new “Tips and Techniques for
Integrated Switching” CD offers insights
system builders can use to achieve maximum
flexibility when designing, configuring, and
integrating switching into a contemporary
test system. The CD includes tips for switch

Tips and Techniques
for Integrated Switching

system optimization, information on
Keithley’s switching hardware, and a glossary of switching
terminology. Request your FREE copy at: www.keithley.com/at/506
or call 1-888-KEITHLEY (588-9238) in the U.S. today.

Keithley Instruments, Inc.

Cleveland, OH 44139

Tel: 800-588-9238

www.keithley.com

PANASONIC BATTERIES
SHORT FORM CATALOG

Panasonic’s broad line of battery sizes and chem-

Panasonic
(&M BATTERIES SHORT FoRM CATALOG o
L

istries is condensed for review in this 14-page,
4-color digital catalog. Batteries covered include
Lithium Ion, NIMH, Valve Regulated Lead Acid,
Lithium Rechargeable and Primary Coin, Lithium
Primary Cylindrical, Alkaline, and Carbon Zinc.
Easy-to-use tables give technical specifications for

model numbers.

Panasonic
ideas for life

Panasonic Industrial Company, OEM Batteries Group
Toll Free: 1-877-PANABAT (1-877-726-2228)

oembatteries@us.panasonic.com
www.panasonic.com/batteries

EDN iteraturelink

For more informnation on how to
place your ad in this section
please contact:

BARBARA COUCHOIS

T: 781-734-8405
E-mail: barbara.couchois@reedbusiness.com
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RELEASE//21, EMULATION
TECHNOLOGY’S NEW CATALOG
ET’s new easy to use, full-line catalog provides
engineers and test managers the means to quickly
solve problems and get back on track. The cat-
alog compliments ET’s online store, providing
engineers with the solutions they need.

Order your copy:

www.emulation.com/021

DESIGN. CONNECT. DELIVER.

Emulation Technology, Inc.

2344 Walsh Avenue

Building F, Santa Clara, CA 95051
1-800-232-7837

www.emulation.com

EMULATION TECHNOLOGY, INC:

1-800-232-7831 WWWEMULATION.COM
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FROM YOUR IMAGINATION

TO THE HISTO

BOOKS.

IF YOU'RE CRAVING RIGOROUS, CHALLENGING PROJECTS THAT NO
OTHER COMPANY CAN TOUCH, NOW YOU KNOW WHERE TO LOOK.

Achievement can take you places. At Northrop Grumman you'll find people like yourself
working on the cutting edge of aerospace, defense and homeland security. At every
level, we've made strong commitments to workforce diversity, because we know that
diversity fuels achievement. If your goals include working on world-class projects,
look no further than Northrop Grumman, where achievement never ends.

Northrop Grumman Space Technology has exciting opportunities at our Redondo
Beach and Orange County facilities in the following areas:

Digital Board Design e Digital Processor Architect ® Senior ASIC Design
Digital Communications Hardware e Digital Unit Development Lead
Responsible Digital Design Engineer

For more information and to apply online, please visit
www.careers.northropgrumman.com and search by Job ID# 26476.

NORTHROP GRUMMAN
DEFINING THE FUTURE"

U.S. Citizenship is required for most positions.

An Equal Opportunity Employer M/F/D/V. ©2007 Northrop Grumman Corporation.
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EDITED BY RON WILSON

| CHART YOUR COURSE

TO THE ELECTRONICS PACKAGING TECHNOLOGY CONFERENCE

Nobody should be in the dark at this point about the growing role of packaging tech-
nology in electronics design. It's not just about spreading heat and protecting the chip
any more, and a quick review of subjects at this ninth Electronics Packaging Technology
Conference (www.eptc-ieee.net/), December 10 to 12, should make that point clear.
Keynotes will include Ralf Plieninger, senior director at Infineon, on packaging trends
for mobile and communications platforms, and Herbert Reichl, a director at the Fraun-
hofer Institutes, on technologies for het-
erogeneous integration. Following that
theme, invited papers will cover a range
of packaging and technology issues, in-
cluding mechanical reliability in package-
on-package technology and the growing
problem of whiskers in lead-free flip-
chip packages. This conference is vital to
engineers responsible for high levels of
integration, and the Singapore location
should provide a nice break from the
December weather in the north.

AT CONTINUING EDUCATION,
1950s-STYLE

The other night, | saw an auditorium of
750 seats filled to capacity—and then
some—with Chicago-area engineers listen-
ing to the first of a series of eight lectures
on transistors. This IRE-sponsored series
brings engineers up to date on the present
status and application of an important new
AROUND component. Here is a practical solution
to a problem every engineer faces: how
to master new techniques. For eight
weeks, these men will gather in this
auditorium to hear lectures by engineers
who do transistor design every day. The
cost for the entire series, including a
booklet and two-hour lecture followed
by Q&A each week, is $6. An interesting
sidelight is on-the-spot tape recording
of the speaker’s voice as he delivers the
lecture. Recordings and illustrations will
subsequently be available to groups or
individuals at low cost.

—Electrical Design News, October 1957

AT THE GROWING ROLE OF GRAPHICS
CHIPS IN SUPERCOMPUTING

When a component becomes cheap, people find novel ways
of using it. This situation is certainly going on with the GPUs
(graphics-processing units) that high-end game consoles and
PC graphics cards use. Aside from being great graphics engines,
the chips include large arrays of relatively capable integer ALUs,
programmable and just waiting for repurposing. And new uses
are appearing rapidly. GPUs have popped up in financial analysis,
geological data reduction, and, in a nice irony, acceleration of the
EDA codes necessary to design GPUs. It seems just a matter

of time until the parts find their way into embedded-computing
applications that could benefit from a thorough rethinking along
the lines of “What if | had a free supercomputer array in here?”
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wireless with AVR® Z-link’

Get more at: www.atmel.com/AVRman
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Discover STMSZk

ST’s new 32-bit microcontroller
powered by ARM® Cortex™-M3

[V
STM32 Releasing your creativity

An outstanding combination of performance, low power and
tool ecosystem that brings MCU developers the freedom they
have always dreamed of.

STM32™: The next architecture combining 16-bit and 32-bit
microcontroller needs.

For further information visit www.st.com/stm32
Order free samples at www.st.com [ I
®

STM32 is a trademark of STMicroelectronics. All other names and logos are the property of their respective owners.
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