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Green Engineering 
MEASURE IT – FIX IT

Vehicle Projects created a complex control system 
for a zero-emission, fuel-cell-powered locomotive.

>> Download green engineering resources at ni.com/measureitfixit 888 293 3091

CEMS Engineering built a control system to reduce 
energy use of industrial air chillers by 30 percent. 

Nucor Steel optimized its steel melting process 
to drastically reduce electricity consumption.

La Selva Biological Station developed a wireless 
sensor system to monitor the rain forest ecosystem.

Engineers and scientists around the world are solving some of today’s most pressing environmental issues using the 
NI graphical system design platform to design, develop, and deploy more efficient and environmentally friendly products,
technologies, and processes. Using modular hardware and flexible software, they are not only testing and measuring
existing systems but also creating innovative ways to fix the problems they find.
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Lithium-ion battery
charger provides
USB OTG capability

34With users demanding
communication among
their mobile devices,

supporting the power needs of
USB OTG (On-The-Go) becomes
a requirement. Optimize your bat-
tery chargers for a current-limited
source, such as USB, and for sup-
porting USB OTG specifications.

by Jinrong Qian, PhD,
Texas InstrumentsSimulation gets

speed, capacity boost

26Analog- and RF-
simulation tools offer
choices of simulation

speeds and support hierarchical
design strategies.

by Rick Nelson, Editor-in-Chief

Modern ADCs improve
CMOS image sensors

38IC designers have
improved the ADCs
inside CMOS sen-

sors, which must capture frames
quickly enough for high-definition
video. With this constraint in mind,
designers must weigh the benefits
of ADC architectures and make
trade-offs in speed and size.

by Randy Torrance,
Chipworks Inc

1.22.09
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Stackable
architectures diverge

22Although standards
organizations differ
on updates to replace

the obsolete ISA-bus technology,
classic PC/104 continues to
attract embedded-system
designers. by Warren Webb,

Technical Editor
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Benchmark
MOSFETs

D-PAK
Part V A mΩ

IRLR8743PBF 30 160 3.1
IRLR8721PBF 30 65 8.4

SO-8
Part V A mΩ

IRF8252PBF 25 25 2.7
IRF8788PBF 30 24 2.8
IRF7862PBF 30 21 3.7
IRF8736PBF 30 18 4.8
IRF8721PBF 30 14 8.5
IRF8714PBF 30 14 8.7
IRF8707PBF 30 11 11.9

PQFN
Part V A mΩ

IRFH7932TRPBF 30 25 3.3
IRFH7936TRPBF 30 20 4.8
IRFH7921TRPBF 30 15 8.5

Part

Your FIRST CHOICE

for Performance

For more information call 1.800.981.8699
or visit at www.irf.com

DC-DC Buck Converter 
Applications

P

 THE POWER MANAGEMENT LEADER 

Low-power wireless performance
starts with CMOS elegance
The IC Insider delves into an ISM trans-
ceiver implemented in standard CMOS,
revealing that interference-free operation
in this crowded swath of spectrum begins
with attention to layout details.
➔www.edn.com/article/CA6626088

Evolving IP market spawns a raft
of new approaches
Whether it’s by asserting patent rights or
defending against so-called trolls, entre-
preneurs and investors are trying new IP
business models.
➔www.edn.com/article/CA6625809

EoPDH as an alternative for delivering
rich-media applications
This study compares the performance of
media-delivery techniques to show how
EoPDH (Ethernet-over-plesiochronous-digi-
tal-hierchy) technology can deliver reliable,
resilient transport services for streaming-
video applications.
➔www.edn.com/article/CA6624633

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

Check out these Web-exclusive articles:

Life after layoffs: how to move
forward after a job loss
Layoffs aren’t fair, but they are a fact of
life, or at least life as an engineer. With the
number of job cuts continuing to rise and
competition for open positions becoming
more intense by the week, industry experts
and career strategists share their advice
on continuing an engineering career after
being laid off.
➔www.edn.com/article/CA6623840

The Hot 100 Electronic Products
of 2008
➔www.edn.com/article/CA6622869

Solar’s bright future
➔www.edn.com/article/CA6622867

Intel’s Atom illness, and Nvidia’s
symptom-squelching adroitness
➔www.edn.com/091022toca

Prototyping techniques: things to know
before pulling the trigger
➔www.edn.com/article/CA6619017

In EDN’s Prying Eyes, we peer inside
an end-user consumer gadget, a refer-
ence design, or any other interesting
electronics-enabled thing we can get a
good look at. Unlike your average bill-
of-materials teardown, Prying Eyes aims
to illuminate the tough design decisions
the engineers responsible for the design
had to make. Check out the entire ar-
chive of Prying Eyes.
➔www.edn.com/pryingeyes

VOTING OPENS FEBRUARY 2
Tune in to www.edn.com/innovation on
February 2 to see the innovative engi-
neers and products our editors selected
as finalists in this year’s EDN Innovation
Awards. After perusing the candidates,
help us honor electronic innovation by
using the easy electronic ballot to make
your voice heard.

INNO ATION
P R Y I N G  E Y E S
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Meanwhile, Krisztina Holly, vice
provost for innovation and executive
director of the USC Stevens Institute
for Innovation at the University of
Southern California, has an interesting
take on innovation in a Dec 16, 2008,
Huffington Post blog item, “The In-
novation Ecosystem.” Had she been a
venture capitalist at the end of the Me-
sozoic Era, she writes, she would have
placed her investments with the adapt-
able mammals—not the dominant di-
nosaurs of the time, which were on an
evolutionary path to extinction.

She then cites efforts to avert mass
extinction of US auto companies.
Should the government work to pre-
vent this possible collapse or stand
aside? Holly doesn’t take a clear stand
on this question. “Determining the
right path is not easy, and either way
the results will be painful,” she writes.
What interests her is how we can foster
innovation to prevent the likely col-
lapse of a key industry from recurring.

She believes that the rules of nat-

ural evolution are applicable to ec-
onomically sustainable innovation.
Holly writes, “Although I am the di-
rector of a leading university institute
for innovation and a serial entrepre-
neur myself, in some ways I’ve learned
as much about business life cycles
by observing nature on my weekend
mountain-bike rides. What I’ve seen

is that a thriving ecosystem, whether
in nature or economics, emerges from
an evolutionary culture that nurtures
diversity, doesn’t artificially pick ‘win-
ners,’ and embraces failure early and
often.”

She praises entrepreneurs, “the di-
verse and future-oriented thinkers
that will advance our economy despite
times of struggle. This group gives us
the mutations—the radical changes
that enable groundbreaking ideas to
enter the ecosystem if they are wor-
thy.” But she adds that big companies
have a role as well: “They help am-
plify—through acquisition, licensing,
or even copying—the impacts of suc-
cessful ideas.”

The danger, Holly says, is in prema-
turely picking winners—before evolu-
tionary mechanisms indicate the opti-
mum approach. She further explains,
“Death is inevitable in an ecosystem,
and furthermore it can be healthy.
It’s this brutal process of failure that
prunes out the weak from the herd.”
She quotes John Seely Brown, a vis-
iting scholar at USC and the inde-
pendent co-chairman of the Deloitte
Center for Edge Innovation, as saying
that failures “form the fertilizer for the
next generation.”

Holly notes the irony of the fact
that the decay of doomed Mesozoic
life resulted in the formation of petro-
leum, “which has in turn fueled the
internal combustion engine and to-
day’s failing auto industry.” She con-
cludes, “I look forward to seeing
what today’s failures will fertilize.”
At EDN, we will be track-
ing innovation in the elec-
tronics industry for you
throughout the coming
year.EDN

Contact me at rnelson@
reedbusiness.com.

BY RICK NELSON, EDITOR-IN-CHIEF

Evolution and innovation

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

 W
hat drives innovation, and can we harness the
driving force to innovate our way out of our cur-
rent economic difficulties? Next month, we at
EDN will be asking you to help us identify the
most innovative products and most innovative
people of 2008. As I stated in June in our EDN

Innovators 2008 supplement, however, innovation is easy to recognize
after the fact but difficult to schedule in advance.

In an effort to help create an environment conducive to innovation,
we will continue this year to bring you profiles of innovators—in special
supplements in March and June and in our “Voices” column in every
other issue. Our hope is that you use some of their insights.

Holly notes the
irony ... that the
decay of doomed
Mesozoic life
resulted in the
formation of petro-
leum, “which ...
fueled the internal
combustion engine
and today’s failing
auto industry.”
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Separate the SSD myths from the facts.

solid state storage  | MLC | SLC | speed  | durability

Debunk 10 SSD Myths and 
download a free IDC MLC 
SSD white paper at
ssdfacts.toshiba.com

Toshiba Storage Expertise 
- Solid State Drives
- Removable NAND Flash
- Embedded NAND Flash
- NAND-Based MCPs

Don’t be deceived by tall tales. Get the facts about solid state 
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MLC vs SLC, it’s all about the right technology for the right 
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pulse
Cool Innovations has introduced a line

of fl ared-pin fi n heat sinks featuring an
array of sparsely confi gured round pins

that slant outward, a confi guration that cools
components in natural convection environ-
ments. The rugged, forged-aluminum devices

are suitable for harsh
industrial

and outdoor environments for applications
such as solar cells and high-brightness LEDs.
The fl ared-pin confi guration offers a perform-
ance premium as great as 28% over traditional
pin-fi n heat sinks. For example, a fl ared-pin
heat sink with a 1-in.2 footprint has a thermal
resistance of 12.65�C/W, whereas a traditional
heat sink with the same footprint has a thermal
resistance of 16.14�C/W.

The omnidirectional spacing of the pins
ensures that the heat sinks operate

effi ciently in any orientation. The heat
sinks are available in square, rectangular,

and round confi gurations, with footprints of
1�1 to 5�5 in. and heights of 0.7 to 2 in.

Prices begin at $3 per unit.
—by Margery Conner

�Cool Innovations, www.coolinnovations.
com.

National Semiconductor plans to introduce the SolarMagic chip
technology, which optimizes the power output from solar-cell
arrays. The company expects the chip to be useful in the man-
agement of battery packs in applications such as EVs (electric
vehicles) and HEVs (hybrid EVs).

Solar cells usually connect in series/parallel arrays. Solar radia-
tion may not reach certain cells during certain parts of the day,
reducing the available power from the series-connected string.
The effect is greater than intuition would indicate: The company’s
fi gures indicate that approximately 10% shading—by area—can
reduce power by as much as 50%.

The company employs its SolarMagic technology to disconnect
the worst-performing cell in a series string and to deliver the maxi-

mum available power from the remainder. The technology then
takes the reduced power available from that underperforming cell
and adds it back—by dc/dc conversion—to the total power from
the rest of the array.

In many scenarios, the company says, you can recover more
than half of the power loss that the array would exhibit without this
technology. The same strategy would be useful in extracting the
maximum performance from EV-battery packs. In that situation,
one battery cell that discharges more than the others in a series
stack exhibits a lower voltage and higher internal resistance,
reducing the output of the stack. You can use the same approach
to extract all the available charge.—by Graham Prophet
�National Semiconductor, www.national.com.

Flared-pin heat sinks use natural
convection to cool “green” applications

EDITED BY FRAN GRANVILLE

Technology squeezes the most power from solar-cell arrays

“If you want to
be picky about
what makes an
SOC [system
on chip]: If it
doesn’t have
all its operat-
ing code and if
memory stores
on the die, one
might argue it is
not a true SOC
as microcon-
trollers are.”
—Semiconductor engineer
and EDN reader Ron Minemier,
in EDN’s Feedback Loop,
at www.edn.com/article/
CA6622874. Add your
comments.

FEEDBACK LOOP

INNOVATIONS & INNOVATORS

Flared-pin natural convection heat sinks can
outperform traditional heat sinks by as much
as 30% in applications relying on natural
convection.
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Apple Inc (www.apple.
com) isn’t the only com-
pany benefiting from

the popularity of the iPhone.
According to a recent report
from iSuppli Corp, the handset
is spurring competitors to offer
products with comparable fea-
tures, which in turn is fueling a
sales boom for MEMS (micro-
electromechanical-system) ac-
celerometers for motion detec-
tion in smartphones. “Apple’s
visionary use of MEMS accel-
erometers that support the au-
tomatic switch from landscape
to portrait view on the iPhone
display has prompted a fl ood of
competitors to follow suit,” says
Jérémie Bouchaud, principal
analyst for MEMS at iSuppli.

Handset makers are re-
sponding to consumers’ de-
mands for such devices. Early
holiday-season data suggests
that the Blackberry Storm
(www.blackberry.com), a com-
petitor to Apple’s iPhone,
would be among the most-pur-
chased electronics for the gift-
giving season. “Mobile-handset
makers now are adopting ac-
celerometers for this purpose
and for other human-inter-
face or power-savings appli-
cations, causing sales growth
of MEMS for this application
to exceed all expectations,”
says Bouchaud. “The mobile-
handset industry has become
the driver of the MEMS mar-
ket, starting in the second half

of 2008. This [occurrence] is
truly a watershed event for the
global MEMS business.”

The research company esti-
mates that, by the end of last
year, 10% of the 1.29 billion
mobile devices shipped world-
wide would include MEMS ac-
celerometers, up from 2% at
the end of 2007. In total, the
global MEMS-accelerometer
market is expected to grow to
900 million units in 2012, up
from 65 million in 2007. Glob-
al revenue from shipments of
all types of MEMS for mobile
handsets and smartphones will
increase to $1.3 billion by the
end of 2012, rising at a CAGR
(compound-annual-growth
rate) of 34.4% from $296.8
million in 2007, iSuppli further
estimates. “Mobile-handset-
accelerometer sales long have
been driven by suppliers that
are pushing the technology,”
Bouchaud says. “However, the
market is now demanding this
feature, preventing the MEMS
industry from falling into the
doldrums with most of the rest
of the electronics market.”

Accelerometer suppliers
such as STMicroelectronics
(www.st.com), Bosch (www.
bosch.com), Analog Devices
(www.analog.com), and Kionix
(www.kionix.com) are the major
benefi ciaries of the increased
use of MEMS accelerometers
for mobile handsets. The mar-
ket-research company also

points to video-game-console
controllers as other bright spots
for MEMS gyroscopes and
accelerometers, with their reve-
nue growing at a CAGR of 11%
to reach $240 million in 2012.
The CAGR is thanks to their
adoption in platforms such as
the Nintendo (www.nintendo.
com) Wii and Sony (www.sony.
com) PlayStation 3.

“MEMS motion sensors
that detect free-fall in laptops
to help protect their hard-disk
drives have become stan-
dard features for commer-
cial products and will begin
to signifi cantly penetrate con-
sumer models in 2009,” says
Bouchaud. “Digital-MEMS mi-
crophones also will become
more prevalent features in lap-
tops to enhance VOIP (voice-
over-Internet Protocol) applica-
tions. These two applications
will grow at a CAGR of about
22% to reach $182 million in
2012, up from $68 million in
2007.”—by Suzanne Deffree
�iSuppli, www.isuppli.com.

iPhone’s popularity helps boost MEMS market

DILBERT By Scott Adams

The mobile-
handset

industry has be-
come the driv-
er of the MEMS
market, starting
in the second
half of 2008.

The eTEG (embedded ther-
moelectric generator) pow-
er-generation-evaluation
kit from Nextreme eases
power-evaluation tasks in
applications such as energy
harvesting. The thin-film
eTEG uses the Seebeck
effect—the conversion of
temperature differences di-
rectly into electricity in two
metals in which a thermal
difference produces a volt-
age across the two. The
$295 evaluation kit pro-
vides a thick-film heater
as a controllable heat
source, the eTEG UPF40
power-generator module,
a heat-sink/fan assembly,
and thermocouples for
temperature measure-
ment. You need to provide
only a power supply for the
heater and a voltmeter to
measure the voltage the
eTEG generates across a
load resistor.

The eTEG modules
produce output power
greater than 90 mW at a
temperature differential of
70�C and greater than 260
mW at a 120�C difference.
Measuring 1.6�3.2 mm,
the eTEG module has cor-
responding output-power
densities of approximately
5W/cm2 at 120�C.

—by Margery Conner
�Nextreme, www.
nextreme.com.
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09KIT EASES POWER-
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The eTEG kit evaluates ther-
mal-energy harvesting.
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LeCroy’s latest introduc-
tion, the 8 Zi line, includes
WaveMaster digital os-

cilloscopes, serial-data analyz-
ers, and disk-drive analyzers.
The devices provide bandwidth
as high as 30 GHz; acquisi-
tion of as many as 80G sam-
ples/sec; 512 million points of
analysis memory, not including
the acquisition memory; and
edge triggering at more than
15 GHz. The devices also fea-
ture waveform analysis as fast
as 100 times that of competi-
tive units and a 15.3-in., 16-to-
9-aspect-ratio, high-defi nition
touchscreen display with 50%
more area than that of 12.4-in.
displays.

The units tout precise Eye
Doctor signal-integrity tools
and selectable 50� or 1-M�
input impedance. The units also
have TriggerScan rare-event-
capture capability, removable
front panels, optional integrat-
ed second displays, and exter-
nal data-transfer rates as fast

as 250 million points/sec—25
to 50 times as fast as other
methods.

The 8 Zi line uses one hard-
ware platform that the manu-
facturer confi gures as three
series, which include 18 mod-
els with bandwidths ranging
from 4 to 30 GHz. This ap-
proach lets you purchase on-
ly the bandwidth and features
you need yet lets you keep
pace with emerging high-
speed technologies and serial-
data standards by upgrading
to greater bandwidth as your
requirements change. This ca-
pability is attractive in today’s
lean economic times because
it lets you pay initially for only
the bandwidth you need but al-
lows you to upgrade when nec-
essary to 30 GHz of real-time
bandwidth without paying for
multiple instruments.

On units equipped for 20- to
30-GHz bandwidth, the stan-
dard acquisition rate is 80G
samples/sec/channel on two

channels when you use the
full-bandwidth DBI (digital-
bandwidth-interleave) mode.
The patented DBI technology
differs from time interleaving of
ADCs and associated acquisi-
tion memory, which is common
in high-performance real-time
scopes. In addition, DBI pro-
vides wider bandwidth with
lower noise, uncertainty, and
waveform artifacts than do
techniques that use digital-sig-
nal processing alone to extend
bandwidth. The DBI-equipped
scopes also let you use all four
channels at reduced band-
width. In that mode, the maxi-
mum acquisition rate is 40G
samples/sec/channel.

Within the WaveMaster 8 Zi
series, scopes that lack DBI
provide bandwidths of 4 to 16
GHz, with a maximum acquisi-
tion rate of 40G samples/sec
on all four channels and an ac-
quisition-memory depth of 10
million points/channel or, op-
tionally, as much as 256 million
points/channel. These scopes
also offer the option of adding
the DBI mode with its higher
bandwidth and sampling rate.
In the DBI mode, the acquisi-
tion-memory depth doubles
to a maximum of 512 mil-
lion points on each of the two
channels.

For serial-data applications,
the eight models in the 8 Zi
SDA (serial-data analyzer) se-
ries offer the same 4- to 30-

GHz bandwidth, sample rate,
and analysis memory as the
WaveMaster units but provide
standard acquisition memory
of 20 million points/channel.
To test for compliance with
PCIe (Peripheral Component
Interconnect Express) 3.0 and
USB (Universal Serial Bus) 3.0
standards, all SDA units also
include a 3.125-Gbps serial-
trigger capability, which oper-
ates on patterns as long as 80
bits, and the manufacturer’s
SDA II tools.

The SDA II tool set incor-
porates jitter-decomposition
techniques and jitter-break-
down tools, which increase
confi dence in measurements
and quickly provide detailed
insights into device-under-test
behavior. The SDA II tools also
perform eye-diagram analyses
as much as 100 times as fast
as do competitive tools—cap-
turing, analyzing, and display-
ing nearly 1 million unit inter-
vals of PCIe activity in 3 sec.
Additional tools, such as Iso-
BER (bit error rate), which
identifi es constant-BER con-
tours on eye diagrams, and
the mask-violation locator,
simplify understanding com-
plex problems. To reduce tim-
ing and amplitude errors in
high-speed eye diagrams, a
cable de-embedding feature
removes cable-induced dis-
tortion. The SDA 8 Zi units al-
so provide complete, simulta-
neous views of eye diagrams,
time-interval error, bathtub
curves, jitter histograms, and
other jitter-breakdown anal-
yses. US list prices for 8 Zi
scopes range from $59,490
to $209,490. Delivery for
units without the DBI feature
is eight weeks after receipt of
order. For units with DBI, deliv-
ery is 26 weeks.

—by Dan Strassberg
�LeCroy Corp, www.lecroy.
com.
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Scopes achieve 80G-sample/sec
acquisition, bandwidth to 30 GHz

The 8 Zi real-time-sampling-scope line includes 18 models in
three series. Of these, the fastest acquire 80G samples/sec/
channel and faithfully reproduce 30-GHz-bandwidth signals.

The SDA
II tool set

incorporates jit-
ter-decomposi-
tion techniques
and jitter-break-
down tools.
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International Rectifi er plans
this year to introduce a
power-device technology

employing gallium nitride on
silicon. The company grows an
epitaxial layer of gallium nitride
on a conventional silicon wafer,
and the gallium nitride forms
the active devices in that layer.

Gallium nitride and silicon
have signifi cantly different co-
effi cients of thermal expan-
sion, as well as mismatched
crystal lattices. One of the
key problems that research-
ers have encountered in using
silicon as an underlying sub-
strate is getting the gallium-
nitride layer to stay attached
under operating stresses. In-
ternational Rectifi er has de-
veloped interposer layers that
solve this problem. The com-
pany also asserts that, once
it has overcome the adhesion

obstacle, the economics of
silicon—as opposed to other
substrate materials that re-
searchers have used, such as
sapphire or silicon carbide—
are compelling and open the
way to volume manufacture of
power transistors.

Unlike other experimenters
in gallium nitride in the con-
text of power devices, another
thread of research deals with
the material as the basis for
RF-power transistors. Inter-
national Rectifi er begins with
low-voltage transistors—for
applications such as dc/dc
converters—and progresses to
higher voltages. “Other [com-
panies and researchers] have
worked with gallium nitride for
high-power, traction-type ap-
plications,” said Tim McDon-
ald, vice president of emerg-
ing technologies, speaking at

the Electronica 2008 trade
fair (www.electronica.de) in
November in Munich, Germa-
ny. However, the company be-
lieves that silicon carbide will
likely take over that segment
and that gallium nitride has a
lot to offer for the high-volume,
lower-voltage-product seg-
ment. The company intends
this year to market products
based on 30V transistors, fol-

lowing those products with
120V devices in 2010, and
600V parts in 2011.

Gallium-nitride technology
offers substantially lower tran-
sistor on-resistance than the
on-resistance that MOSFETs
currently achieve. Today’s FETs,
McDonald says, are nearing
some fundamental physical
limits; with gallium nitride, a fur-
ther reduction to approximately
only 20% or even less of to-
day’s best values is feasible.
Gallium-nitride transistors have
low stored charge and conse-
quently low turn-off overshoot
and transients. With the re-
duced transients, EMI (elec-
tromagnetic interference) also
diminishes proportionally. The
basic device in the company’s
technology is an HEMT (high-
electron-mobility transistor), a
lateral device with conduction
paths across the surface.

—by Graham Prophet
�International Rectifi er,
www.irf.com.

Gallium-nitride technology targets
power devices

Gallium-ni-
tride transis-

tors have low
stored charge
and conse-
quently low
turn-off over-
shoot and
transients.
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Chinese company begins selling HEVs
POWERSOURCE

This month, BYD Auto be-
gan selling the fi rst mass-pro-
duced plug-in HEV (hybrid
electric vehicle). The plug-in
hybrid version of its conven-
tional F3 model, the F3DM
(dual mode), went on sale in
China for about 150,000 yu-
an (about $21,900). The com-
pany plans to bring the F3DM
to the United States in 2010
and will show the car at this
month’s Detroit Auto Show.
The F3DM has a range of
about 60 miles on a full bat-
tery charge. Its lithium-ion iron
phosphate batteries can be
fully recharged in as little as
seven hours, and the batteries
can be 50% recharged at a
special station in 10 minutes.

Warren Buffet, cur-
rently the holder of the
undisputed title of the
world’s richest man since
Bill Gates suffered some
setbacks over the past
month, rocked the Chinese fi -
nancial markets on Sept 30,
2008, when a unit of Buffet’s
Berkshire Hathaway, MidAm-
erican Energy Holdings, in-
vested $230 million in BYD
Auto’s parent company, BYD
Co. BYD isn’t making much
public about its proprietary
lithium-iron-phosphate bat-
tery technology that the com-
pany claims it developed for
the F3DM, but most likely it
gave more details to Buffet to
get that kind of investment.

BYD said it may ac-
celerate its plans for en-
tering the United States
and European markets
by using MidAmerican
Energy’s money, with a

larger version of the F3DM,
the F6DM, available in the
United States as early as
2010.

Here’s what BYD Auto
says about its battery tech-
nology on its Web site: “Top
speed is over 150 km/hour; it
takes less than 13.5 seconds
to accelerate from 0 to 100
km/hour. The maximum grad-
ability is more than 30%. The
electric-power consumption
is less than 12 kWhr per 100
km. The car can travel over

300 km per charge. Mean-
while, the battery’s life cycle is
about 2000 times/600,000
km for a complete vehicle.”
Note: These specs are for
the “F3e,” which is apparently
an all-electric version of the
F3DM. The range is listed at
over twice that of the F3DM
quoted in a recent Wall Street
Journal article. According to
AutoBlogGreen, Portland,
OR, is romancing BYD to
become the home base for
US operations and possibly
production.

—by Margery Conner
�www.edn.com/power
source.
�This is an updated version
of an earlier post. For the
original post, go to www.edn.
com/090122ba.
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An early look at papers
to be presented at the
2009 ISSCC (Interna-

tional Solid State Circuits Con-
ference) this February suggest
the imminent arrival of HD
(high-defi nition) video in your
hand. Underlying technology
in broadband communications
to support the demanding data
stream is now in silicon, and a
new generation of HD-target-
ed media SOCs (systems on
chips) is making its debut. Re-
al HD in handsets—whatever
the practicality of the medium
in this format may turn out to
be—cannot be far behind.

The foundation for HD video
in a handset is suffi cient wire-
less bandwidth to deliver the bit
stream, coupled with suffi cient
band fl exibility to work with
whatever broadband signal is
available at the moment. This
requirement demands broad-
band transceivers—W-CDMA
(wideband-code-division mul-
tiple access) and beyond—that
are both effective and highly
integrated. And at least three
papers at the conference will
speak directly to this need.

ST-NXP Wireless (www.stn

wireless.com), the former and
now merged wireless groups
of ST, NXP, and Ericsson Mo-
bile Platforms, will present a
zero-IF receiver covering 3�4
WEDGE (wideband-CDMA-
plus-enhanced-data-global-
system-for-mobile-commu-
nication-environment) bands.
The die operates without SAW
(surface-acoustic-wave) fi lters
on the front end, and you can
integrate it into a 7�7-mm SIP
(system-in-package) transceiv-
er for production. The receiver
consumes 92 mW.

Meanwhile, Skyworks Solu-
tions (www.skyworks.com) and
SpectraLinear (www.spectra
linear.com) will present a 3G
(third-generation) multiband-
transceiver chip covering W-
CDMA, HSDPA (high-speed-
downlink-packet-access),
HSUPA (high-speed-uplink-
packet-access), and EGPRS
(enhanced-general-packet-
radio-service) standards. And
Qualcomm (www.qualcomm.
com) will introduce a single-
chip UMTS (universal-mobile-
telecommunications-system)/
EGSM (extended-GSM) trans-
ceiver with integrated GPS re-

ception, drawing only 69 mA.
Both of these chips eliminate
the need for SAW fi lters at key
points, and both support re-
ceiver diversity.

As multiband transceivers
shrink into single chips, appli-
cation-level SOCs are prepar-
ing to handle the HD content at
handset-compatible power lev-
els. Taiwan’s MediaTek (www.
mediatek.com) will describe a
Blu-ray-player SOC that the
company designed from the
algorithms up to be cost-effec-
tive in low-priced players. The
90-nm, smaller-than-8�8-mm

die can perform an H.264 de-
coding, 60-frame/sec image
generation, and HDMI (high-
definition-multimedia-inter-
face) 1.3 output to a display
module with 1.6W power.

Whereas the MediaTek part
appears to target handheld
players, an application pro-
cessor from Renesas (www.
renesas.com) squarely targets
handsets. The chip decodes
H.264 into 1080p, 30-frame/
sec video and consumes only
342 mW. The 65-nm die mea-
sures 6.4�6.5 mm.

Interestingly enough, none
of these chips push the state
of the market in process tech-
nology or clock frequency. As
we prepare mobile devices for
more and more challenging
operating scenarios, the focus
has shifted from the latest pro-
cess technology and the great-
est speed to the lowest operat-
ing voltage and the most useful
work per joule of energy. Espe-
cially indicative of this trend is
MediaTek’s decision to exam-
ine its algorithms in light of the
fi nal cost-effectiveness of the
SOC, rather than selecting an
algorithm and then attempting
to shoehorn the implementa-
tion into the fi nal system re-
quirements.—by Ron Wilson
�ISSCC, www.isscc.org.
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high-definition handsets

The focus
has shifted

from the latest
process tech-
nology and the
greatest speed
to the lowest
operating volt-
age and the
most useful
work per joule
of energy.

$39 USB TOOL EASES REAL-TIME DEVELOPMENT
01

.2
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09
A new Piccolo family of microcontrollers
from Texas Instruments offers real-time-
embedded-system designers a higher
level of integration by combining the
CPU and memory with a series of built-in
peripheral modules, including a 12-bit
ADC, ePWMs (enhanced pulse-width
modulators), on-chip oscillators, analog
comparators, communication interfaces,
and general-purpose I/O.

To simplify development of Piccolo-
based projects, TI recently announced
the $39 controlStick evaluation tool in a

USB-stick form factor. The device comes
with a 32-kbyte limited Code Composer
Studio IDE (integrated development
environment) plus sample projects that
walk through Piccolo microcontrollers’
functions, from simply blinking an LED
to configuring the ePWM peripherals.
For more advanced applications, TI also
offers a $79 experimenter’s kit, which al-
lows designers to develop and prototype
complete Piccolo microcontroller-based
projects.—by Warren Webb
�Texas Instruments, www.ti.com.

“Most engineers
need to know
not just what,
but also why.”
—Engineer and EDN reader
Shane Kennedy, in EDN’s
Feedback Loop, at www.edn.
com/article/CA6615600. Add
your comments.

FEEDBACK LOOP
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You are one of a shrinking
number of companies of-
fering only 8-bit processor
products. Your high-end, 8-
bit offerings include heavy
integration with high-perfor-
mance analog peripherals.
What do you see as the fu-
ture for your 8-bit process-
ing products, and do you see
your product line expanding
to include 16- or 32-bit pro-
cessors?

We’re seeing good suc-
cess with our current

product offerings. We look for-
ward to continuing to innovate
and expanding into more mar-
ket segments with the type
of products that we have. We
have a long list of projects that
we could do or could work on.
In general, we select projects
based on return on investment.

Silicon Labs looks at mar-
kets less with regard to how
many bits we have and more
with regard to what problems
our customers are having and
how can we best solve those
problems. Today, we have been
pretty successful in solving our
customers’ problems using the
8-bit core that we have, which

is a pipelined, high-perfor-
mance core that is very cost-
effective. The price of any giv-
en product varies widely based
upon a large number of fac-
tors, including the peripherals
on the chip, the pin count, the
memory size, and any custom-
ized software that we need to
write for our customers. We
look at the things we can bring
together to solve our custom-
ers’ problems.

How much of a role is soft-
ware taking in infl uencing
your next choice in features
to add to your system offer-
ings?

Software can defi nitely
be a differentiating as-

pect of a product. We take the
approach of building a fl exible
hardware platform and then
exercising the fl exibility in the
hardware through the use of
software. That [approach] en-
ables us sometimes to more
quickly solve a customer’s
problems. In general, we have
built our systems and ensured
that our tools are easy to de-
velop with. I think this theme is
a common one among many of

the companies in this business.
Every company wants to have
its products be easy to use and
simple to design with so that
customers have a quick and
effi cient experience. I believe
we have achieved that goal.
We have some very nice devel-
opment tools, including USB-
tool sticks that make it easy
to explore products, fi gure out
how they work, write software
for them, and get your applica-
tions into production.

You can offer fl exibility in
several ways—number one,
with the variety of peripher-
als that you offer and, number
two, with the ranges that those
peripherals can support. If you
can build in fairly wide ranges
with regard to many of the pe-
ripherals, whether they be an-
alog blocks, temperature sen-
sors, ADCs, or capacitive-touch
sensors, … then, the custom-
ers are not necessarily limited
to a strict range. If they want
to vary the capacitance on a
capacitive-touch-sensor appli-
cation and your product is de-
signed from the get-go to han-
dle a wider range of options,
then you can exercise those
ranges through software and
select something that matches
the customers’ needs.

We often fi nd ourselves part-
nering with our customers in
helping to write either drivers
or application software running
on the microcontroller itself.
Our approach is: We want to
partner with the customer and
help solve the problem. Does

the customer need application
software, hardware support, or
testing support? Whatever it is,
we want to help that customer
with that problem so that the
customer can get into produc-
tion as fast as possible.

Are you seeing processors
becoming more generalized
or specialized?

We can solve custom-
er problems in multi-

ple ways, but several general
trends that we continue to see
are that customers want cost-
effective, easy-to-use solutions
in a time frame that meets their
needs. In general, specializa-
tion is one way to delve deep-
er into a customer’s problem,
better understand the factors
surrounding that problem, and
understand what it connects
to. If you can wrap up some
of those things into an overall
solution for the customer, that
[approach] can help them get
to market faster. In one sense,
specialization is a trend that we
see and pursue.

Is energy efficiency a
growth opportunity for small
processors?

In general, energy effi -
ciency and power sav-

ings are macro trends on a
worldwide basis. With the pop-
ulation expanding and the cost
of oil being quite volatile these
days, energy prices are fl uctu-
ating dramatically, and, in gen-
eral, everybody would agree
that saving energy or lowering
the amount of power that you
need is a good thing. We have
a new line of low-power micro-
controllers, which can operate
down to 0.9V and act as su-
pervisors for multiple proces-
sors for those types of appli-
cations that need to conserve
power.

—interview conducted and
edited by Robert Cravotta

VOICES

Mark Thompson is the vice president for the microcon-
troller division of Silicon Laboratories, which manufac-
tures high-performance, analog-intensive, mixed-sig-

nal ICs. The company’s products include 8-bit microcontrollers,
broadcast audio and video products, embedded modems,
ProSLICs (subscriber-line-interface circuits), silicon direct-ac-
cess arrangements, clocks, and oscillators. We recently asked
him a few questions about supporting embedded developers. A
portion of that interview follows. For an expanded version, go to
www.edn.com/090122p.

Silicon Laboratories’
Mark Thompson
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eliminate gain modules as well as the
contributed offset, drift, and noise
that you find in a 12- to 16-bit system.
The 24-bit converter leads to a sim-
pler approach. Additionally, you can
achieve better performance for about
the same or lower cost.

You might finish the design by us-
ing only a portion of the 24-bit ADC
range. That’s right: You might throw
away bits! And you will still achieve or
improve the resolution and accuracy of
the original 12- or 16-bit system. The
24-bit converter gives an immediate
system-gain advantage of 4096 over a
12-bit ADC, as well as an additional
PGA (programmable-gain-amplifier)

function. The internal PGA function
in the delta-sigma converter can in-
crease the gain by another—product-
specific—factor of 64 to 128.

As a first step in the design process,
you often look at the sensor that you
are going to use. You then look at the
sensor’s output range and match the
sensor’s output range to the ADC’s in-
put. In this process, you need an ana-
log gain cell to make the sensor/ADC
match-up work. Alternatively, you
may try to blindly find an ADC that
matches the output range of your sen-
sor. Be cautious of both strategies. Try
to worry more about the system noise
contribution, where the actual system

resolution and accuracy are the im-
portant specifications.

For instance, if you have a 5V range
with an analog gain of 250V/V with
a 12-bit system, the system LSB is
5V/250/212, or 4.88 mV (Figure 1a).

Now, put the sensor signal into a
24-bit converter with no gain (Fig-
ure 1b). You can use this strategy be-
cause the LSB size of the 24-bit sys-
tem is equivalent to having an analog
gain of 4096. When employing this
approach, subtract out the effects of
any analog level shifting by using the
differential inputs of the ADC. This
step allows you to apply a voltage to
your negative ADC input and to po-
sition your positive-ADC input with
the output of your sensor. Although
the total range of the 24-bit ADC is
operational, your sensor output might
cover only a portion of the ADC-out-
put codes. By selecting that portion of
the ADC range, you can focus on the
area of the signal response. Having a
24-bit ADC with an effective resolu-
tion of 23 bits is like placing 2048 12-
bit converters across the range of the
converter.

Future columns will look at imple-
menting these ideas in load-cell and
temperature-sensor applications. In
both cases, I will compare the sys-
tems’ performance and cost. By eval-
uating a few types of low-speed cir-
cuits, I’ll compare a 12-bit applica-
tion and a 24-bit implementation and
show the advantages of this new way
of designing.EDN

Bonnie Baker is a senior applications engi-
neer at Texas Instruments and author of
A Baker’s Dozen: Real Analog Solu-
tions for Digital Designers. You can
reach her at bonnie@ti.com.

BY BONNIE BAKER

Match sensor to converter
or converter to sensor

,,
B A K E R ’ S  B E S T

 T
he initial design approach you might take for an analog-
to-digital-converter system is to look at the resolution you
need and use an ADC that gives you a comparable resolu-
tion. To achieve the required accuracy or precision, add the
necessary gain modules to the system so that the analog
range of interest covers the dynamic range of the ADC.

There is an alternative, however: You can use a 24-bit converter to

Figure 1 A 12-bit SAR converter (a) shows a sensor that connects through an
amplifier to the converter. A 24-bit delta-sigma converter (b) shows a sensor that
connects directly to the converter.

Go to www.edn.com/090122bb
and click on Feedback Loop to post
a comment on this column.
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package for high channel density applications. 
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While raking some leaves recently, I uncovered a
fully charged Bluetooth headset. Someone’s loss
is someone else’s gain, I thought as I pried into

the interior of this popular consumer-electronics device.

Unlike some other
Motorola Bluetooth head-
sets, this unit does not
snap together. You pry off
the black switch cover to
get to two black screws;
the Motorola logo covers
up a third case screw.

Side buttons have a slot-
ted feature that keeps
them in the cover, easing
assembly. There are two
unique parts for the left
and right buttons.

The Motorola H500
Bluetooth headset

PRY FURTHER AT EDN.COM

Go to www.edn.com/pryingeyes
for past Prying Eyes write-ups.

BY PAUL RAKO • TECHNICAL EDITORP R Y I N G  E Y E S

A white-plastic microphone housing was
glued to the back cover, necessitating its
destruction. The housing captivates a rubber
plug that holds the microphone. Extensive
acoustic engineering accentuates your voice
and attenuates bumps and ambient noise.

+

The inductor’s height
required a hole in the
front cover. This neces-
sity may be due to the
lack of 330-mH parts in
low-profile packages.

The main chip is from CSR, a
company that dominates the
Bluetooth-IC business with
nearly 80% market share.
Copper foil is glued to the
top of the chip and grounded
to a decoupling capacitor.

Baluns provide gain
and matching for
the antenna. The
ground plane is cut
out from under the
antenna. The board
has a two-layer
construction. The
antenna is stitched
to an identical trace
on the bottom side.

A blue LED shines
through a plastic
washer to encircle
the Motorola logo
on the front cover.

A 5�3.2-mm
quartz crystal
by Siward
provides the
system clock.

All analog chips are in SOT-23-6 or SC70 pack-
ages. The backside of the board is nearly empty,
which allows Motorola to glue the lithium-ion bat-
tery to it. There is no thermistor in the pack or on
the board. The speaker and the battery add signif-
icantly to the thickness of the product. Selective
gold plating covers the test points and antenna.
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users are increasingly demanding high-
er data rates for some applications, in-
dustry associations have not yet agreed
on a strategy for the next generation of
board-to-board communications. In ad-
dition, users content with the current-
ly available data rates also face prob-
lems as the latest processor chip sets
omit support for the legacy PC/104-bus
architecture.

Ampro Computers in 1987 developed

the original PC/104 concept to take ad-
vantage of low-cost desktop silicon and
software for embedded systems. The
company derived the name from the
PC and the number of interface pins on
the 16-bit ISA (industry-standard-ar-
chitecture) bus. The company in 1992
published the first formal specification
for PC/104, which the PC/104 Embed-
ded Consortium currently maintains.
PC/104 cards employ stack-through

connectors that eliminate the need for
a motherboard, a backplane, or a card
cage. These pin- and socket-bus con-
nectors provide a reliable signal path
even in harsh environments. PC/104
cards have four corner mounting holes
for board support to resist shock and vi-
bration. Each card measures 3.6�3.8
in., and stacked-card spacing is 0.6 in.

Although the ISA bus has vanished
from the desktop, it still has advantag-
es for embedded systems. Many embed-
ded-system designers are happy with
prior-generation processors and the
extinct ISA bus. Peripheral cards are
simple, low-cost, and easy to design, all
prime requirements of embedded prod-
ucts. The relatively low speed of the
ISA bus also simplifies noise and EMI
(electromagnetic-interference)-protec-
tion schemes. However, the main rea-
son for its continued popularity is the
fact that a large number of off-the-shelf
products employ the architecture, giv-
ing designers a wide selection. Dozens
of manufacturers now produce hun-
dreds of unique, low-cost, off-the-shelf

STACKABLE
ARCHITECTURES
DIVERGE

ALTHOUGH STANDARDS
ORGANIZATIONS DIFFER
ON UPDATES TO REPLACE
THE OBSOLETE ISA-BUS
TECHNOLOGY, CLASSIC
PC/104 CONTINUES TO
ATTRACT EMBEDDED-
SYSTEM DESIGNERS.

BY WARREN WEBB • TECHNICAL EDITOR

 W
ith recent additions to the official
specification plus multiple custom-
ized variations to extract more per-
formance, PC/104-like architectures
continue to be prime candidates for
rugged and space-constrained embed-
ded designs. These architectures could
face troubled waters in the future,
however. PC/104 has been a flexible

and rugged favorite of the embedded-system industry since its in-
troduction, allowing designers to choose from hundreds of off-the-
shelf processor and expansion boards coupled with widely available
desktop software to simplify system integration. Unfortunately, as

Figure 1 Digital-Logic’s MSM200

series single-board computers

are compatible with the PC/104-

Express standard that the
PC/104 Embedded Consortium

recently approved.
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PC/104 products (see sidebar “A new
look at PC/104”).

CHANGE THE BUS?
Since PC/104’s introduction, design-

ers have incorporated several enhance-
ments to extend performance. The PCI
(peripheral-component-interconnect)
bus has effectively replaced ISA on the
desktop, and it was only natural for sys-
tem architects to add it to PC/104. The
PCI bus brings a much higher data rate
for high-performance peripherals and
application-specific hardware. The
PC/104 Embedded Consortium in 1997
released the specification for the PCI
extension, formally known as PC/104-
Plus. The specification gives board de-
signers the choice of incorporating the
ISA bus alone, the PCI and ISA buses
together, or the PCI bus alone. PC/104-
Plus requires a new connector, J3/P3, to
house the PCI-bus pins. Because loss of
board space is one of the disadvantages
of the PCI upgrade, the PC/104 Embed-
ded Consortium created the PCI-104
variation, which eliminates the ISA

bus. The original PC/104 version con-
tinues to outsell both the PC/104-Plus
and the PCI-104 updates.

To keep up with advances in technol-
ogy and remain in tune with evolving
desktop software, industry groups have
put forth no fewer than three standards
for the next generation of PC/104 de-
velopment. These updates take advan-
tage of the latest PCIe (PCI Express)
specification, which the PCI SIG (spe-
cial-interest group) defines, and USB
(Universal Serial Bus) 2.0 technolo-
gies for higher data rates and improved
board-to-board communications (see
sidebar “PCI Express: the ideal fabric
for stackable systems”). Although each
of the new standards delivers substantial
performance improvements in stackable
architectures, the resulting products
do not interoperate, and each provides
varying degrees of compatibility with
legacy PC/104 products.

The PC/104 Embedded Consortium
agreed on the PCI/104-Express specifi-
cation in early 2008 to define a standard
method for using the high-speed PCIe

A NEW LOOK AT PC/104

Design budgets address
more than cost. When they
consider development
time, enclosure space,
and performance factors,
PC/104 or PC/104-compat-
ible systems can be effec-
tive choices. Ideal for de-
signs that require little—if
any—hardware customiza-
tion, PC/104 and PC/104-
compatible systems are
stable platforms that
have evolved to deliver in-
creased performance with-
in small form factors.

A stable platform allows
designers to interchange
PC/104 products from ven-
dors, perhaps to capture
a performance jump they
couldn’t achieve with a
product they implemented
in years past. The fact that
manufacturers keep com-
ponents in the same place
on a board is probably one

of the most important ad-
vantages of working with
an industry-standard prod-
uct and one that makes
it simple for designs to
evolve from older PC/104
to newer PC/104 architec-
tures. Further, some manu-
facturers keep features
consistent from module to
module, which avoids com-
plicating the interior of the
enclosure due to the added
cabling that PC/104 de-
signs require. PC/104 sig-
nals use pin-through rather
than plug-in connectors;
cabling then brings the sig-
nal through to the outside.
Alternatively, the design-
er incorporates a carrier
board with its own plug-in
connectors.

 A PC/104 stack typi-
cally has a maximum of
six boards. So, a design-
er places the CPU board

atop the baseboard with
all the connectors. If the
CPU board lacks a feature,
a common issue in some
vendors’ boards, the de-
signer must use another
block of boards on top. The
next block could include
graphics, another could in-
clude sound, and another
could employ Ethernet or
Firewire.  More advanced
boards can reduce the size
of the stack. Some have
built-in I/O capabilities
so designers don’t need
a separate PC/104 board
with graphics, Ethernet, or
sound, for example. Using
more functional and prop-
erly selected boards can
quickly reduce your stack
from six small-form-factor
single-board computers to
just two.

 PC/104 has other advan-
tages in, for example, de-

signs that require moderate
performance with a small
budget. And, if a design
uses a PC/104 board, the
designer’s tendency would
be to stay within the same
technology area. Tight bud-
gets and small enclosures
could mean some trade-
offs to stay with the same
platform, but advances in
PC/104 have improved the
potential in this area. Not
all PC/104 boards are cre-
ated equal, and some are
just more advanced than
others.

AUTHOR’S BIOGRAPHY
Christine Van de Graaf
is a product-marketing
manager at the embed-
ded-modules division
of Kontron America.
You can reach her at
christine.vandegraaf@
us.kontron.com.

By Christine Van de Graaf, Kontron

AT A  G LAN CE
The size, rugged configuration,

low power, low cost, and availability
of PC/104 modules make them
effective embedded-system-devel-
opment platforms.

Even though developers based
the 20-year-old PC/104 architecture
on the fading ISA (industry-stan-
dard-architecture) bus, it continues
to outsell higher-speed extensions,
including PC/104-Plus and PCI-
104.

Recent specification proposals
for PC/104 updates have included
PCIe (Peripheral Component Inter-
connect Express) or USB (Universal
Serial Bus) communications to main-
tain compatibility with PCI-based
software.

New PC/104-form-factor
updates sacrifice direct legacy com-
patibility to boost computing and
communications performance and
retain board real estate.

�

�

�

�
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bus in embedded-system applications.
The basic PCIe link consists of two sig-
nal paths that use LVDS (low-voltage-
differential-signaling) swings and con-
stant-current line drivers to communi-
cate at a rate of 5G transfers/sec in each
direction. You can increase the band-
width of an individual PCIe link by add-
ing signal pairs, or lanes, until you reach
the desired performance level. Although
the PCIe specification defines one-, two-,
four-, eight-, 16-, and 32-lane widths, the
PCI/104-Express specification supports
only four one-lane links and one 16-lane
link.

Digital-Logic offers several PCI/104-
Express cards, including the MicroSpace
MSM200 series single-board computers
(Figure 1). The modules come with the
Intel Atom processor operating as fast as
1.6 GHz plus several options for onboard
RAM. The modules target applications
in battery-powered mobile computers,

information terminals with video dis-
plays, game systems with music output,
measuring instruments, and telecommu-
nication devices. Besides the fast CPU,
the MSM200 provides all standard PC
interfaces for such demanding applica-
tions, including Ethernet, an audio con-
troller, four RS-232 interfaces, and two
serial- and one parallel-disk interface.
Prices for the MSM200 start at 364 euros
(approximately $520) per unit (100).

EXPRESS104
Taking a different approach, a re-

cently formed industry trade group, the
SFF SIG (Small Form Factor special-in-
terest group) in early 2008 defined the
Express104 PC/104 extension. These
boards incorporate one or two newly de-
veloped 52-pin SUMIT (stackable-uni-
fied-module-interconnect-technology)
connectors. One of the connectors pro-
vides two one-lane links and one four-

lane link, plus three USB 2.0 interfaces,
a low-pin-count bus, dual SPI (serial-pe-
ripheral-interface) channels, an SMBus
(system-management bus), and a set of
ExpressCard interface signals. The op-
tional second connector provides an-
other set of one- and four-lane links.
Express104 also supports an optional
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PCI EXPRESS: THE IDEAL FABRIC FOR STACKABLE SYSTEMS

Many types of SFF (small-
form-factor) embedded-
system applications use
stackable architectures
to enable system and I/O
expansion without the
need for backplanes or
card cages. The intercon-
nect element for stackable
systems has over the past
16 years migrated from ISA
(industry-standard archi-
tecture) to PCI (peripheral-
component interconnect).
Now that the PCI/104-
Express standard is avail-
able, embedded-system
designers can take advan-
tage of PCIe (PCI Express)
technology to deliver lower
cost and power consump-
tion, smaller boards, less
cabling, fewer connectors,
higher data throughput,
lower latency, and legacy-
PCI-software compatibility
that greatly simplify the
transition to PCI/104-
Express.

 Thanks to broad silicon
availability resulting from

PCs, servers, and work-
stations adopting PCIe,
the sheer volume of PCIe
devices has surged, dra-
matically reducing their
costs. The reduced power
consumption comes from
the fact that a 250-Mbyte/
sec PCIe link uses only
four wires—one transmitter
pair and one receiver pair.
Contrast this number with
the cost and link require-
ments of the 32-bit PCI
bus, which requires more
than 100 I/Os and which
delivers a maximum of 125
Mbytes/sec. This substan-
tially lower I/O count also
accounts for the reduced
pin count on the PCIe
chips, meaning reduced
board space, smaller con-
nectors, and improved
PCIe cabling.

Designers are already
using widely available
PCIe Generation 1, which
operates at 2.5G trans-
fers/sec, and Generation
2, which operates at 5G

transfers/sec, switches
from vendors such as
PLX Technology to build
higher-performance inter-
connect fabrics within
PCI/104-Express-based
stackable/SFF systems.
PCI/104-Express calls
for four one-lane PCIe
Generation 1 links, each
capable of 250-Mbyte/sec
transfers—twice the band-
width of 32-bit, 33-MHz
PCI that PCI/104 uses. You
can also use Generation
2 switches because they
automatically downlink to
Generation 1. This speed
gives stackable/SFF
systems a signifi cant I/O
bandwidth boost, yield-
ing a much faster fabric.
Additionally, it provides as
many as four high-speed
I/O channels that need not
share bandwidth across
a single bus, as with
PCI/104. PCI/104-Express
also specifi es a 16-lane
PCIe link, providing a
throughput boost of more

than 32 times that of the
PCI 32/33 standard.

Designers have applied
other I/O interconnects,
such as USB and GbE
(gigabit Ethernet), but
neither approaches the
throughput capabilities
and low latency of PCIe.
A high-speed USB 2.0
connection, for example,
can support only 40
Mbytes/sec, compared
with the slowest, one-lane
Generation 1 PCIe link,
which delivers 250 Mbytes/
sec. GbE supports only 125
Mbytes/sec with a high-
latency overhead, whereas
the fastest, 16-lane Gen era-
tion 2 PCIe link provides
throughput as fast as 10
Gbytes/sec.

AUTHOR’S BIOGRAPHY
Steve Moore is a senior
product-marketing man-
ager at PLX Technology
(Sunnyvale, CA). You can
reach him at smoore@
plxtech.com.

By Steve Moore, PLX Technology

For more on the appeal of PC/104,
go to www.edn.com/article/CA47270.

For another article on how shrink-
ing standards are squeezing embedded
designs, go to www.edn.com/article/
CA6570999.
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configuration that includes a PCI-to-
ISA-bridge chip to retain compatibility
with legacy PC/104 boards. Although
several manufacturers have shown inter-
est, none had publicly announced Ex-
press104 modules as of late 2008.

Offering yet another approach to en-
hancing the communications protocol,
Micro/sys Embedded Systems created a
new stackable architecture that it based
on the PC/104 form factor. Stackable-
USB employs USB and retains the size
and stacking advantages of PC/104.
StackableUSB supports as many as 16
peripheral boards, takes advantage of
USB plug-and-play features, and elimi-
nates the need for a cable with a built-
in stack-through connector. Micro/sys
recently introduced the SBC1626 net-
work-ready controller, which it based
on the 104 form factor with seven USB
ports, including five host ports through
the StackableUSB connector and two
client USB ports (Figure 2). In addition
to its networking functions, the ARM-
based SBC1626 also features 24 digital
I/O lines, eight readable DIP switches,
eight LEDs for application use, and four
RS-232 ports; 64 Mbytes of onboard lin-
ear flash and 128 Mbytes SDRAM ac-
commodate high-level operating systems,
such as Linux or Windows CE. Prices for
the basic SBC1626 start at $450 (one).

For standard performance, embedded-
system designers will continue to speci-

fy and integrate classic PC/104 as long
as legacy products are available. In ad-
dition, manufacturers will continue to
produce these products as long as their
board designers can find ways to link
newer silicon to the obsolete ISA bus.
For higher-performance applications, an
update is necessary. Unless the industry
chooses a successor to PC/104, the ar-
chitecture will most likely enter a frag-
mentation phase, with manufacturers
producing incompatible products. In the
meantime, classic PC/104 lives on.EDN
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Figure 2 The SBC1626 single-board computer from Micro/sys combines a fast Intel
XScale processor, memory, and StackableUSB I/O on a PC/104-form-factor board.
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ANALOG- AND RF-SIMULATION TOOLS OFFER
CHOICES OF SIMULATION SPEEDS AND SUPPORT

HIERARCHICAL DESIGN STRATEGIES.

BY RICK NELSON • EDITOR-IN-CHIEF

But Spice remains only part of the simulation picture as de-
signers add RF/wireless-communications capability to an in-
creasing array of products. And even products that offer no RF/
wireless features are exhibiting RF performance as process ge-
ometries shrink, digital speeds increase, and high-speed serial-
I/O ports proliferate. Furthermore, in many cases, as frequen-
cies rise and designers squeeze more functions into smaller and
smaller spaces, chip and board design cannot occur in isolation;
co-design and simulation of chip, chip package, and board must
take place.

How-Siang Yap, a member of the EDA-product-market-
ing group at Agilent Technologies’ EEsof division, outlines the
cross-domain-simulation technologies that can contribute to an
effective co-simulation approach. First, he says, you need nu-

 S
peed, accuracy, and ease of use
are key demands of designers
employing simulation to get
their analog-, RF-, and mixed-
signal devices to market. Fla-
vors of the venerable Spice
simulator remain the tools of
choice for analog simulation,
and EDA vendors are enhanc-

ing the speed and accuracy of their tools through
innovative techniques, such as adapting them to
run on multicore processors or multi-CPU sys-
tems. Other companies are rewriting core Spice al-
gorithms to speed simulations. Still others are fo-
cusing on top-down designs.

SIMULATION
GETS SPEED,
CAPACITY
BOOST
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meric-domain tools, such as The Math-
Works’ Matlab or Agilent’s Ptolomy, as
well as C��, System-C, and standard
HDLs (hardware-description languages).
You also need frequency-domain ac-sim-
ulation tools that can work with S pa-
rameters and implement harmonic-bal-
ance techniques. For the time domain,
Yap adds, you need Spice tools. Before
committing your design to hardware, he
advises, you should employ EM (electro-
magnetic)-domain tools that can apply
method-of-moment and finite-element-
analysis techniques to troubleshoot
proximity and transition effects.

SPEEDING UP SPICE
As for Spice itself, efforts center on

improving speed without compromising
accuracy. Addressing this issue, Cadence
Design Systems last month announced
the availability of the Cadence Virtuo-
so APS (Accelerated Parallel Simula-
tor), its next-generation circuit simula-
tor, which constitutes a part of the Ca-

dence MMSIM (multimode-simulation)
7.1 release. John Pierce, senior architect
at Cadence, says that the new simulator
reduces mixed-signal-simulation turn-
around time from days or weeks to a few
hours. According to Nebabie Kebebew,
a senior product manager at Cadence,
the new simulator provides significant
single-thread and scalable-multithread
performance boosts and maintains accu-
racy equivalent to that of the Cadence
Virtuoso Spectre circuit simulator. Ke-
bebew says that more than 20 beta cus-
tomers have tested the new simulator
on more than 200 designs for devices
including PLLs (phase-locked loops),
DACs, ADCs, memory, power-manage-
ment circuits, and high-speed I/O cir-
cuits. One customer, she says, experi-
enced a 60-fold performance speedup for
the simulation of a 65-nm PLL design
running on an eight-core system. An-
other, she adds, experienced 58-times-
better performance for the postlayout
simulation of a dc/dc converter, reduc-
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EM SIMULATION: FROM PCBs TO HELICOPTERS
As products become more complex
and operate at higher frequencies,
it’s increasingly important to inves-
tigate signal- and power-integrity
issues to simulate EMC (electromag-
netic-compatibility) and EMI (elec-
tromagnetic-interference) effects.
Tools that can help include CST’s
(Computer Simulation Technology’s)
PCB (printed-circuit-board) Studio,
which supports 2- and 3-D simu-
lations and can determine skin
effect in the time and the frequency
domains. It can import IBIS (I/O-buf-
fer-information-specifi cation) mod-
els and interfaces Spice-equivalent
tools. With the CST Cable Studio, it
supports co-simulation of PCBs and
attached cables.

The company integrates PCB
Studio and Cable Studio within
Studio Suite 2009 EM-simulation
software, which enhances design
throughput by automating optimiza-
tion and by applying the most appro-
priate solver technology to a given
problem (Figure A). Studio Suite
2009 supports transient-EM and
circuit co-simulation, and it offers
a 64-bit front end plus MPI (mes-

sage-passing-interface)-based paral-
lelization to speed the simulations
of large and complex structures. It
includes a transient thermal solver

to simulate heating processes and
employs a bioheat equation for real-
istic modeling of physiological cool-
ing effects.

Figure A CST Studio Suite 2009 generated this simulation of the EM fields on the
surface of an Apache helicopter to 10 GHz.

AT A  G LAN CE
Before committing your design

to hardware, employ EM (elec-
tromagnetic)-domain tools that
can apply method-of-moment and
fine-element-analysis techniques to
troubleshoot proximity and transition
effects.

Fast-Spice tools tend to trade
accuracy for speed, but manufactur-
ers often market these tools with a
“Spice-accurate” label.

Traditional Spice simulators run
out of steam after a few hundred
thousand elements, and even with
parallel processing, capacity cannot
improve.

As manufacturers of consumer
products strive to provide higher
functional density at lower cost,
they are squeezing together digital,
analog, and RF functions into small
volumes, creating a need for chip,
package, and board co-design and
simulation.
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ing runtime from 20 hours and 16
minutes to 21 minutes.

Mentor Graphics has also been
working to speed simulation. The
company in October introduced a
new version of the Eldo and Eldo
RF transistor-level analog simulator,
which improves raw-speed perfor-
mance without compromising accu-
racy. The new version employs a re-
vised matrix-solving strategy as well
as a scalable multithreading tech-
nology that allows users to take ad-
vantage of inexpensive multi-CPU
hardware.

According to Tony Liao, Mentor’s
deep-submicron-business-develop-
ment manager, the multithreaded
Eldo can run from three to 10 times
or more faster than the single-core
version, depending on the number
of active devices and parasitic ele-
ments in a circuit. For faster simulation,
he says, customers can employ the AD-
iT fast-Spice simulator, although at the
cost of some accuracy. An ADiT-to-Eldo
interface permits a circuit to run with
both simulators; portions that require
high accuracy run on Eldo, and the oth-
er portions run on ADiT. Liao notes
that the simulators support co-verifi-
cation through their links to Mentor’s
ModelSim digital simulator. The simu-
lators’ links to Mentor’s ICAnalyst help
support design verification. In addition,
the simulators work together within
Mentor’s ADMS (Advance mixed-sig-
nal) simulator environment (Figure 1).

Synopsys, too, has worked on speed-
ing Spice and has announced improve-
ments to its HSpice core-engine tech-
nology as well as new multithreading
capabilities in the March 2008 release
of its HSpice simulator. According to
Geoffrey Ying, director of marketing
for mixed-signal-simulation products at
Synopsys, the company is adapting all
its tools to take advantage of multicore
processors, with HSpice being the first

to migrate. He says that, with the mul-
tithreaded version, circuit designers can
now run HSpice postlayout simulations
as much as three times faster on single-
core processors and as much as six times
faster on four-core processors. The sin-
gle-core speedup stems from improve-
ments in the symbolic-dc-operating-
point-convergence algorithm, transient
time-step control, netlist parsing, and
model performance. For multicore pro-
cessors, the release enables simulation
of  postlayout designs containing more
than a million resistive and capacitive
parasitic effects.

Synopsys has worked with TSMC
(Taiwan Semiconductor Manufacturing
Co) on the TMI (TSMC Modeling In-
terface) methodology, which consists of
a protocol for integrating custom device
models into Synopsys’ HSpice, HSim,
and NanoSim circuit simulators. The
TMI methodology delivers an innova-
tive and efficient device-modeling ap-
proach for TSMC’s process technologies
at 40-nm and smaller geometries. Ying
says that the TMI method, on average,

improves simulation time and re-
duces memory usage by a factor of
five and takes into account both
mechanical-stress effects in silicon
and layout dependencies that al-
ter the characteristics of device in-
stances based on their proximity to
other devices.

Magma Design Automation uses
multiple CPUs instead of multi-
ple cores and multithreading. The
company’s FineSim Spice lever-
ages Magma’s NPT (native parallel
technology) to enhance speed and
capacity and maintain accuracy by
distributing computing load over
multiple computers, according to
KT Moore, Magma’s senior direc-
tor of business development for the
custom-design-business unit. The
approach “enables customers to sim-
ulate hundreds of thousands of de-

vices on practical numbers of comput-
ers—eight, not 100,” he says.

Despite the performance increases of
multithreaded and multicomputer im-
plementations of Spice, a need for fast-
Spice implementations will continue.
“In different phases of a design process,
the requirement for accuracy changes,”
Moore says. “Early on, you are more fo-
cused on functionality. As you narrow
down your design to focus on the actu-
al operating points and characteristics,
then you want to tighten up the accu-
racy. A lot of large designs have millions
of transistors; you could simulate [those
transistors] using our Spice engine run-
ning on multiple CPUs, and that [ap-
proach] might be great for a sign-off
simulation.” He claims, however, that
for regression or functional simulation,
NPT is the tool you would probably
want to use.

Traditional EDA companies are get-
ting competition in the Spice arena
from relative newcomers that at times
blur the line between true Spice and fast
Spice. For example, fast-Spice tools tend
to trade accuracy for speed, says Paul Es-
trada, chief operating officer at Berkeley
Design Automation. However, manu-
facturers often market these fast-Spice
tools with a “Spice-accurate” label.
Berkeley Design Automation’s Analog
Fast Spice, he claims, truly does provide
fast-Spice capacity and performance
with true Spice accuracy. The tool does
no approximations, Estrada says. In-

Figure 1 The ADMS (Advance mixed-signal) simula-
tor from Mentor Graphics supports multiple model-
ing languages. The CommLib/BMC (behavioral-
model-calibration) library contains parameterized
analog- and mixed-signal models for communica-
tions applications.

ADVANCE MS

VHDL

VERILOG
DIGITAL

VHDL-AMS

VERILOG-AMS

A/MS
BEHAVIOR

FAST SPICE

SPICE

RF SIMULATION

TRANSISTOR
LEVEL

COMMLIB/
BMC

TABLE 1 RELATIVE PLL SIMULATION TIMES WITH
SPICE AND VERILOG-A MODELS
Phase detector Charge pump VCO Divide by N Relative CPU time

Spice Spice Spice Spice 100x

Verilog-A Spice Spice Verilog-A 64x

Verilog-A Spice Verilog-A Verilog-A 13x

Verilog-A Verilog-A Verilog-A Verilog-A 1x
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stead, it runs original device equations
and solves the original full-circuit ma-
trix, providing waveforms that are as
good as or better than those of any other
Spice engine.

Analog Fast Spice provides its per-
formance improvements running on a
single-core processor. Estrada attributes
its performance levels to the fact that
its developers need not attempt to opti-
mize legacy code. “Look under the hood
at any of today’s Spice engines,” he says,
“and you’ll see that they are basically
structured like a rat’s nest. Everything is
interwoven with everything else, and, if
you try to improve one area of the sim-
ulator, you invariably make another ar-
ea worse.” Analog Fast Spice employs a
modular architecture in which you can
optimize each module without disturb-
ing other modules. Looking to the fu-
ture, the company is seeing good results
with multithreading but hasn’t yet re-
leased a multithreaded version.

Gemini is also employing multi-
threading to improve performance. The
company targets 95% of the Spice-accu-
rate-tool and fast-MOS-Spice market,
says Kent Jaeger, vice president of sales
and marketing. The Gemini holistic
multithreaded Spice, he says, provides
two- to 10-times better performance
without compromising accuracy. “We
forbade [our designers] to use any tech-
nique that would potentially sacrifice
Spice accuracy.” The Gemini simulator
outperforms fast-MOS-Spice simulators
in 90% of benchmark tests and runs on
low-cost Intel multicore processors run-
ning the 64-bit Linux operating system.

Infinisim borrows some techniques
from fast-Spice yet preserves Spice ac-
curacy, according to the company’s chief
technology officer, Zakir Syed. The com-
pany’s RASer (real-time-adaptive-simu-
lation) simulator works at all stages of
design verification—from single-block
to full-chip and from prelayout to post-
layout. According to Anand Iyer, senior
director of marketing, RASer targets the
critical need for doing total system sim-
ulation to avoid the need for silicon re-
spins. “Traditional Spice simulators run
out of steam after a few hundred thou-
sand elements, and even with parallel
processing, capacity cannot improve,”
he says.

Fast-Spice-like approaches come in
handy at this point. “We break up [a cir-

cuit], just as fast Spice would, into small-
er partitions, and then we apply differ-
ent solvers to different partitions,” says
Syed. “In fast Spice, you lose accuracy,
but … we use the exact device models
that Spice uses.”

Although Infinisim supports mul-
tithreading, the company focuses on
speeding up individual threads. “Com-
panies are developing multicore algo-
rithms on Spice,” Syed says, “and …
these companies have given up on im-
proving Spice.” He says that, in some
cases, such as Monte Carlo simulation,
multithreading and distributed comput-
ing apply. In those cases, any simulation
is independent of the other simulations.

“In analog designs, [we see] iterations
in which you typically run five corner
models and temperature sweeps,” says
Nicolas Williams, director of product
management at Tanner EDA. “If you
want to do Monte Carlo analysis, you

[must] run thousands of simulations on
your one circuit. It’s easy to farm out
those simulation runs from a single com-
mand deck.” It’s the simulation job lev-
el, not the circuit level, in which par-
allelization can offer the most benefits,
he adds.

Tanner’s T-Spice simulator aims at the
design of big-analog, small-digital chips.
The company has integrated Verilog-
A to support both simulations with be-
havioral models and device-level Spice
models. Verilog-A supports top-down
design and offers significant advantages
over the bottom-up approach that ana-
log designers traditionally employ. Wil-
liams says that top-down design can
eliminate costly and time-consuming
design iterations that can be necessary
when a bottom-up approach results in
system-integration problems that occur
late in the design cycle.

He notes that analog designers em-
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Figure 2 The SIwave tool can help identify and solve signal-integrity issues on PCBs
(courtesy Ansoft).

Figure 3 The efforts of consumer-product manufacturers to provide higher functional
density at lower cost are resulting in the squeezing together of digital, analog, and RF
functions into small volumes. That squeezing results in the need for chip, package, and
board co-design using tools such as the Agilent EEsof ADS.
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ploy behavioral-modeling techniques
when, for example, they use dependent
sources, and they may use The Math-
Works’ Matlab to calculate coefficients,
but, until now, they have lacked a be-
havioral language within a Spice-pro-
gramming environment. The combi-
nation of Spice and behavioral models
allows designers to focus on block de-
sign and perform simulations without
lengthy runtimes. Table 1 shows the
relative CPU times for simulating a PLL
with its components represented in vari-
ous combinations of Spice and Verilog-
A models.

BEYOND SPICE
Even a thoroughly simulated and ver-

ified chip design has no guarantee that
a device will work properly when real
silicon meets the real world. Silicon per-
formance succumbs to the EM effects of
the chip package, the board the package
is mounted on, or the large-scale struc-
ture containing the board (see sidebar
“EM simulation: from PCBs to helicop-
ters”). Larry Williams, director of busi-
ness development at Ansoft, recounts
the story of a semiconductor manufac-
turer whose device worked on an evalu-
ation board with nicely separated traces
and lots of power and ground planes to
isolate signals. However, the device ex-
hibited abnormal behavior when the
manufacturer’s customer crammed it in-
to a tiny consumer product in which the
traces were much closer together, caus-
ing more coupling. All of a sudden, the
chip’s radio began to misbehave, gener-
ating unacceptable out-of-band spurious
responses. “We worked to show how to
solve the problem by using a complete
system-level simulation of the chip,
the chip package, and board,” says Wil-
liams. Ansoft used the manufacturer’s
Spice-level model for the IC and per-
formed 3-D extractions to create models
of the IC’s BGA package and the PCB
(printed-circuit board). “We coupled all
three together in our environment, and,
lo and behold, we could predict those
spurs,” he says.

Ansoft’s offerings include HFSS (high-
frequency simulator system), which per-
forms 3-D electromagnetic-field simula-
tion of high-frequency and high-speed
components, and SIwave (signal-in-
tegrity wave), which allows engineers
to extract frequency-dependent circuit

models of power-distribution and signal
nets directly from device layout—that
is, physical CAD (computer-aided-de-
sign)—databases to help identify sig-
nal-integrity and power-distribution
problems (Figure 2). “The problems
we solve are showstoppers,” Williams
says, adding that addressing SI is criti-
cal: “Companies are setting up SI de-
partments to ensure reliable electronic

performance. Look at any modern hand-
held electronic device; it may have sev-
eral radios with a lot of digital content
to provide a rich user experience. It will
operate at low voltage to conserve pow-
er, and digital signals will consequently
be sensitive to coupling. We allow an
engineering design team to read in a
PCB model, couple that with IC-pack-
age-model extractions, and cascade all
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those things together to perform an en-
tire system-level simulation.”

EEsof’s tools, including the ADS (Ad-
vanced Design System), had their origin
with a group at Hewlett-Packard that de-
veloped RF and microwave instruments.
ADS 1.0, which debuted in 2000, enabled
designers to simulate RF circuitry along
with digital circuits, including DSPs.
The tool originally found extensive use

in WLAN (wireless-local-area-network)
designs and has continued to evolve.
As manufacturers of consumer products
strive to provide higher functional den-

sity at lower cost, they are squeezing to-
gether digital, analog, and RF functions
into small volumes, creating a need for
chip, package, and board co-design and
simulation using ADS. EEsof’s Yap cites
two aspects of the co-design process:
front end, which involves optimizing
system partitioning for performance and
cost, and back end, which deals with fac-
tors such as ball-pattern planning and
routing plus I/O optimization.

A recent advance, he says, is support
for nonlinear X parameters. Last month,
Agilent announced that designers can
generate X parameters either from simu-
lation with ADS or from Agilent’s test-
and-measurement instruments to speed
communications-product development.
X parameters, says Yap, save significant
amounts of time. With X parameters,
a designer can acquire a model to use
within a simulation. The alternative in-
volves months of characterization and
generates reams of plots that can be dif-
ficult to interpret.

As for the future, Yap sees continuing
efforts to integrate electromagnetic sim-
ulation into the design flow to simulate
everything from circuits to antennas.
More products are going wireless, and,
in compact products, the antenna is of-
ten on the PCB. The ability to identify
potential problems before committing to
hardware is critical, he says.EDN
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 T
he USB (Universal Serial Bus) has been one of
the most successful interfaces in the history of
PCs. A USB not only transfers data between a
portable device and a host PC, it also allows for
power transmission over the USB cable. As a re-
sult, portable devices can charge lithium-ion bat-

teries while connected to host PCs through a USB cable. You
can power most of today’s portable products from an ac adapter,
a USB port, or a lithium-ion battery.

The USB 2.0 specification defines three modes of operation
that allow peripherals to draw current from a USB. The sus-
pend mode allows the peripheral to draw as much as 500 �A.
The low-power mode defines the current consumption as high
as 100 mA, and the high-power mode limits the current to
500 mA.

Traditional approaches use a low-cost linear-mode charger
for USB charging. You usually disable the charger to meet
the low-quiescent-current requirements of the suspend mode.
The charger also has a current-selection func-
tion to set a charge current of either 100 or
500 mA. The charge current is equal to the
input current from the USB output for a lin-
ear charger. So, the charge current is limited
to 100 or 500 mA to meet the USB low- or
high-power-mode specification. However, the
charge-current regulation tolerance for most
low-cost linear chargers is usually approxi-
mately �10%. As a result, the actual typical
charge current is set at approximately 90 or
450 mA to prevent it from exceeding the lim-
it of the USB specification. This limit further
curtails the charge current available to charge
a battery from a USB port.

Most portable devices, such as smart-
phones, feature e-mail, personal organizers,
touchscreens, built-in cameras, and naviga-
tion hardware and software. One common re-
quirement is that they all demand more pow-
er for performing these advanced functions.
Furthermore, the capacity of the lithium-ion
batteries used in portable devices is consis-
tently increasing, implying that USB charg-
ing time becomes longer due to the charge-

current limit for a linear-mode battery charger.
A synchronous-switching converter efficiently uses the

available power from the USB to charge a lithium-ion bat-
tery, shortens the charging time, and minimizes power dissi-
pation to improve the thermal factors. This device has higher
power-conversion efficiency and higher output-charge current
for a given input current than does a linear-regulator charger.
It steps down the voltage but provides a higher output current
than input current.

Considering the power balance between the input and
the output, the following equation yields the effective bat-
tery-charge current for a switching charger: ICHG�(VIN/
VBAT)�IIN��, where ICHG, VIN, VBAT, IIN, and � are the bat-
tery-charge current, input voltage, battery voltage, input cur-
rent, and power-conversion efficiency, respectively. This equa-
tion shows that a synchronous-switching converter provides a
higher charge current at a lower battery voltage and a lower
charging current at a higher battery voltage but always higher

BY JINRONG QIAN, PhD  •  TEXAS INSTRUMENTS

Lithium-ion battery charger
provides USB OTG capability
WITH USERS DEMANDING COMMUNICATION AMONG THEIR
MOBILE DEVICES, SUPPORTING THE POWER NEEDS OF USB
OTG (ON-THE-GO) BECOMES A REQUIREMENT. OPTIMIZE YOUR
BATTERY CHARGERS FOR A CURRENT-LIMITED SOURCE, SUCH
AS USB, AND FOR SUPPORTING USB OTG SPECIFICATIONS.

Figure 1 The switching charger can provide 40% higher average charging current
than a linear-mode charger.
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than the input-current limit when the in-
put voltage is higher than the battery volt-
age. For USB charging applications, the
input voltage is constant at 5V, and the in-
put current is limited to either 100 or 500
mA. Thus, the charge current is inverse-
ly proportional to the battery voltage and
proportional to power-conversion efficien-
cy. A practical step-down, synchronous-
switching buck converter can achieve
about 90% efficiency.

Figure 1 shows the battery-charge cur-
rent for a switch-mode, step-down charger
and a linear-mode charger with a 5V USB input and 500-mA
input-current limit. The switching charger can provide 40%
higher average charging current than a linear-mode charger.
Figure 2 shows one example of a 3-MHz synchronous-switch-
ing, step-down charger, which integrates N-channel MOS-
FETs Q2 and Q3 that switch on and off at a 3-MHz switching
frequency. Operating at this speed means that the circuit can
use significantly smaller passive components—the output in-
ductor and the capacitor. Thus, you can use the chip in size-
constrained portable devices. N-channel MOSFET Q1 blocks
any leakage current from the battery to the input when the
adapter is unconnected. You use a charge-pump circuit com-
prising bootstrap capacitor C4 with an integrated diode to
drive N-channel MOSFETs Q1 and Q2 and to charge capaci-
tor C4 when MOSFET Q3 conducts. The integrated Type III
loop compensator for battery-charge voltage and current loop
further minimizes the need for external components and im-
proves reliability.

You use the typical constant-current/constant-voltage-charg-
ing profile to charge a lithium-ion battery. A constant current
of less than 1C charge rate—the current to completely dis-

charge the battery in one hour—charges
the battery when the battery voltage is be-
low 4.2V for a battery with a lithium-co-
balt-dioxide cathode and graphite-anode
materials. It operates in constant-voltage
mode to improve safety when the battery
voltage reaches 4.2V while tapping down
the charge current. The charge current
and voltage are programmable through
the I2C (inter-integrated-circuit) com-
munication protocol.

USB applications have limited input
current. When the input current reach-

es the maximum current limit programmed by the I2C, the
input-current-regulation loop becomes active and reduces
the PWM (pulse-width-modulated) controller’s duty-cycle
output by sensing current through MOSFET Q1 so that it
will comply with USB specifications. Input-current-limit-
regulation accuracy also plays an important role in maximiz-
ing the power available from the USB port. With this meth-
od, you can achieve less than a 5% tolerance of MOSFET
current sensing. Figure 3 shows the experimental results
for charging a lithium-ion battery through a linear char-
ger and a switch-mode charger through a USB port. The
switch-mode charger can shorten the battery-charging time
by more than 10%.

 SAFETY CONCERNS
Safety is a critical factor for consumer products. Input-over-

voltage protection is necessary for most popular USB- or mini-
USB-cable connections between adapters and portable devic-
es. This feature improves safety by disabling the charger when
the input voltage is above a safe voltage threshold. Once you
remove the overvoltage, battery charging can resume. This
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Figure 2 This 3-MHz synchronous-switching, step-down charger integrates power MOSFETs.
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protection allows you to use adapters with-
out damaging the charging system. A dy-
namic host-controlled safety timer starts a
32-minute timer that the host can stop with
any write-action through the I2C interface
at the beginning of charging. Once the host
stops the 32-minute timer, it automatically
resets a 32-second timer by writing a one to
the reset bit of the timer reset in the control
register. This action causes the host to con-
tinuously start the 32-second timer to keep
normal charging until charging terminates.
If the 32-second timer expires because there
is no writing action to the reset bit of the
timer reset, the charging terminates, and the
charge parameters reset to the default val-
ues. The 32-minute timer then restarts, and
charging resumes.

During normal charging, a single-cell,
synchronous-switch-mode charger, such as
Texas Instruments’ BQ24150, is in 32-sec-
ond mode with host control and 32-minute
mode without host control (Reference 1).
The process repeats until the battery fully
charges. If the 32-minute timer expires without a write com-
mand, it turns off the charger and announces a fault on the
status register. This function prevents the battery from over-
charging. Such dynamic host-controlled battery charging en-
sures that the battery is charging safely.

Thermal safety is another important consideration for inte-
grated-power-MOSFET converters. One effective approach is
to monitor and regulate the silicon-junction temperature in
real time by introducing a thermal-regulation loop. You ac-
complish this task by reducing the charging current to control

power dissipation and improve the
thermal design so that the charger
can operate safely.

USB OTG SUPPORT
When you connect a portable de-

vice to a laptop computer through
a USB port, you are automatically
configuring the laptop as a host to
provide 5V USB voltage for da-
ta communication. However, this

configuration does not define the host for the communication
between two portable slave devices—for example, sending the
photos from a digital still camera to a cellular phone through a
USB cable. USB OTG determines which system will be a host
to provide 5V USB voltage from a lithium-ion battery. You
cannot use a linear charger as a boost converter for this task.

You can use a synchronous-switching step-down converter
as a bidirectional power converter, a synchronous boost con-
verter, and a method of boosting the battery voltage to the 5V
USB voltage to power another portable device in the USB
port. For typical USB OTG applications, maximum output
current of 200 mA is good enough for normal operation. High
light-load efficiency is critical for extending battery runtime,

which requires that the boost converter in USB OTG mode
operates in PFM (pulse-frequency-modulation) mode to mini-
mize switching losses. The typical application circuit in Fig-
ure 2 operates in boost mode when you enable the USB OTG
function. This feature enables support for the USB OTG spec-
ifications and facilitates communication between two slave
portable devices.

The fully integrated, 3-MHz, synchronous-switching, step-
down battery charger makes more efficient use of USB-port
power, provides speedier charging for lithium-ion batteries,
and provides 10% shorter USB charging time than does a lin-
ear-mode charger. The integrated loop compensator and 3-
MHz switching frequency allow use of a chip inductor for min-
imizing the need for a number of external components. It also
provides USB OTG support to allow communication between
two slave mobile devices.EDN
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Figure 3 An experimental test-battery charge profile shows that the switch-mode
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 T
he last two years have seen many important de-
velopments in CMOS image sensors using a va-
riety of architectures that employ different meth-
ods to achieve similar goals. The ADCs that the
image sensors employ are keys to these architec-
tures, with manufacturers employing one of two

major approaches: pipelined or column techniques. By study-
ing devices from Samsung (www.samsung.com), Micron (www.

micron.com), Sony (www.sony.com), Toshiba (www.toshiba.
com), and STMicroelectronics (www.st.com), you can weigh
the benefits of both types of ADC and decide which is best for
your image-sensor application. As image sensors become more
complex, they are using an increasing number of schematics
in the analog paths (Figure 1). Large, stand-alone, pipelined
ADCs are giving way to single-slope, integrating ADCs that
align with the pixel array and contain an ADC for each col-

BY RANDY TORRANCE •  CHIPWORKS INC

Modern ADCs improve
CMOS image sensors
IC DESIGNERS HAVE IMPROVED THE ADCs INSIDE CMOS SENSORS, WHICH
MUST CAPTURE FRAMES QUICKLY ENOUGH FOR HIGH-DEFINITION VIDEO.
WITH THIS CONSTRAINT IN MIND, DESIGNERS MUST WEIGH THE BENEFITS
OF ADC ARCHITECTURES AND MAKE TRADE-OFFS IN SPEED AND SIZE.

Figure 2 A SEM (scanning-electron-microscope) cross section
shows the pixel array in a cell-phone image sensor.

Figure 1 The number of schematics used to describe the analog
paths of image sensors more than doubled in the last two years.
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Figure 3 An image (a) and corresponding pixel schematic (b)
show the 1.75T (transistor) architecture in the Micron MT9T111
CMOS image sensor. Lines A, B, C, and D represent a cross
section for subsequent analysis.

38  EDN |  JANUARY 22, 2009

(a)

(b)

edn090102ms4305_id  38edn090102ms4305_id  38 1/7/2009  4:46:22 PM1/7/2009  4:46:22 PM



umn of the array. The benefit of this
approach is that it allows you to quickly
move data off the sensor. Additionally,
each ADC has a much longer time to
operate on a sample, thus allowing lon-
ger settling times, lower noise, and high-
er accuracy.

Using imaging, software-based cir-
cuitry extraction, and schematic orga-
nization, you can take apart the layers
of a CMOS sensor. The newest sensors
combine the pixel array, ADCs, and
digital-image processing on a die. They
help to move light into the pixel, often
in a noisy environment, and then move
that data off the array. The sensors em-
ploy microlenses to help focus the light
into the “light tube,” which the readout
circuitry’s metal layers partially block
(Figure 2). Because today’s leading 1.4-
micron pixel designs are bascially twice
the wavelength of visible light, this task
is difficult. To reduce circuitry, manufac-
turers often employ transistor-sharing
techniques (Figure 3).

Circuit designers try to get as many
dies onto a wafer as possible. In the
CMOS-image-sensor world, especially
for digital-single-lens-reflex cameras,
de signers must take into consideration
the massive die necessary for capturing a
35-mm image. In that case, designers
must concentrate on improving yield
rather than saving area.

PIPELINED ADCs
Developers of the first CMOS image

sensors modeled the devices on CCDs
(charge-coupled devices), which preced-
ed them. These early CMOS image sen-
sors had an architecture similar to that of
CCDs. In the next stage of CMOS-im-
age-sensor evolution, designers brought
pipelined ADCs on-chip. Pipelined ar-
chitecture delivered the high bandwidth
necessary for processing all the pixels of
the array. Although these ADCs have
long latencies, these delays are not prob-
lematic in this application. Early on-
chip ADCs used a single simple pipe-
lined design (Figure 4). These ADCs
gradually evolved to the current state-
of-the-art DDR (double-data-rate), fully
differential, multiple-pipelined ADCs.
The analog-signal path from the light-
collecting photodiode to the ADC is
now fairly standard across the industry.
The chip electronics must select a single

row of pixels, transfer the signals to col-
umn circuits, perform correlated double
sampling, and then sample and hold the
resultant signals.

Many manufacturers now use this
architecture to reduce the number of
transistors in the array. The Micron
MT9T111 1.75T, for example, employs
seven transistors and four photodiodes
(Figure 3). When system electron-
ics activate the row-select signal, the
chip connects the selected row of pix-
els to the column-out line. These sig-
nals travel to the edge of the array in

which the pitch-matched column-par-
allel-sampling circuits reside. The sig-
nal typically first reaches a multiplexer,
allowing multiple columns of pixels to
use the same analog-processing column.
This approach also allows the selection
of only a subset of pixels during high-
speed image capture for preview and
downscaling, or “binning.” Active loads
are also present at this point to bias and
clamp the signals.

The image signals then enter the cor-
related-double-sampling circuit (Figure
5). Metal layers shade some photodi-

STAGE 1 STAGE 2 STAGE M-1 STAGE M

�
�

�

8-BIT
DAC

8 BITS

8-BIT
ADC

VIN VOUT

SAMPLE-
AND-HOLD
CIRCUITRY

X28

Figure 4 A pipelined-ADC architecture consists of repeated stages.

Figure 5 The Micron MT9E001 uses a modern correlated-double-sampler design.
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odes, which the circuitry reads to es-
tablish the black levels along the row.
Next, the circuitry samples the actu-
al data signal and subtracts the black
level to give the output level. At this
point, the pipelined ADC architecture
multiplexes the signals from the pitch-
matched column circuits to the ADCs.
As speed and bandwidth requirements
have increased, IC designers have added
more ADCs. For example, the Micron
MT9E001 for digital cameras uses four
12-bit ADCs (Figure 6).

Both the MT9E001 and the
MT9T111 use a DDR, fully differ-
ential-pipelined scheme. The parts
can achieve a 96-Mbps data rate
at 400-mW power consumption.
One feature of the DDR scheme
is that dual-pipelined ADCs share
the operational amplifier, allow-
ing the chip to acquire two sam-
ples and perform two conversions
in one clock cycle. No dc-bias cur-
rent goes unused during the sam-
pling phase of the operation. A key

disadvantage of this architecture is lay-
out difficulty (Reference 1). However,
capacitor matching in this device is ad-
equate for achieving 12 bits of accuracy
without digital correction (Reference
2). The four DDR, 12-bit pipelined
ADCs on the chip make it possible for
the MT9E001 to exceed the speed of
CCDs.

COLUMN ADCs
Consumers found that early digi-

tal cameras had unacceptably long lag

Figure 6 The Micron MT9E001 uses four pipelined ADCs.

�
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RAMP

COUNTER

CLOCK

DIGITAL
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Figure 7 The single-slope integrating-column
ADC finds use in most CMOS image sensors.
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times, making it difficult to quickly
take a series of consecutive pictures.
To address that problem, manufactur-
ers developed column-parallel ADCs,
which allow the CMOS sensor to take
pictures at 60 frames/sec in the pitch-
matched column area. For example, the
2M-pixel Samsung S5K4BAFX CMOS
image sensor for cell-phone cameras
has 882 parallel ADCs. In this design,
the ADCs are small and the speed-per-
ADC requirement is low. Column-par-
allel ADCs use single-slope integrating-
ADC architectures (Figure 7). Only
the comparator and the counter need
to be in the column pitch. The devices
can generate the ramp-reference signals
and clocks outside the column, and all
the ADCs can share these signals and
clocks. As in the pipelined-ADC archi-
tecture, column ADCs multiplex the
signal and then apply active loads. The
usual correlated double sampling then
takes place.

At this point in the signal path, the
designs diverge. In the column-parallel-
ADC architecture, the pixel signal goes
to one input of a comparator, in which
the other input is a ramp voltage. The
output of this comparator acts as the en-
able signal to a counter. This counter
synchronizes with a master counter to
create the ramp signal. When the ramp
voltage exceeds the pixel voltage, the
comparator flips, and the counter be-
comes disabled. The counter then holds
the digital value corresponding to the

analog pixel voltage on 882 columns in
parallel.

This architecture allows for small
and simple ADCs in the column pitch
and moves the accuracy and speed con-
straints to the ramp generator. This
ramp generator must now accurately
and quickly convert a digital value that
a counter creates to an analog voltage
to act as the ramp. Because the S5K4-
BAFX has a 10-bit ADC, the ramp-
generator DAC must accomplish 1024
conversions for the 882 ADCs to con-
vert their value at a faster rate than one
ADC could operate. To accomplish this
task, the first 10-bit column-parallel
ADCs employed flash DACs using resis-
tor dividers as the ramp generator. The
Samsung S5K4BAFX has a subranging
resistor divider, a coarse voltage divider
of 16 resistors, a fine voltage divider of
16 resistors, and an LSB-resistor string
of four resistors, resulting in the required
1024 levels (Figure 8).

NEXT-GENERATION ADCs
Samsung was the first manufacturer to

introduce an advanced column ADC.
In 2007, the company released the
S5K4C1GX 3Mp CMOS image sen-
sor, employing a 12-bit ADC, for mo-
bile phones. Samsung manufactured the
device in a 90-nm process, and it uses
a similar single-slope integrating-col-
umn ADC as in the previous genera-
tion, including a comparator and a 13-
bit counter. The 13 bits allow for a full
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Figure 8 The Samsung S5K4BAFX resistor-divider ramp generator can generate 1024
levels.
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12-bit value plus overflow. The part’s
ramp generator uses a current-steering
DAC to replace the resistor-string DAC
of the previous generation (Figure 9).
This innovation is significant because
current-steering DACs are more com-
plex and occupy more area. For a 12-bit
ADC, the need for precision in the ref-
erence voltage is great enough to require
the complexity and additional space of
the current-steering DAC. Samsung
uses three current-steering arrays and
combines their outputs in a fourth ar-
ray. Each array is a stand-alone current-
steering DAC, including an array of uni-
ty-current sources and their respective
steering transistors. A fully decoded 13-
bit counter drives the array.

Sony in 2007 announced its first
CMOS image sensor employing a col-
umn ADC; the company’s previous sen-
sors employed pipelined ADCs. Today,
three Sony CMOS image sensors—one
for mobile phones, one for digital-single-
lens-reflex cameras, and one for cam-
corders—use column ADCs. Surpris-
ingly, the design is not specific to high-
frame-rate applications. Sony has taken
this architecture one step further in the
IMX017 camcorder CMOS-image sen-
sor. The device uses a digital, rather than

analog, correlated-double sam-
pling circuit. Rather than stor-
ing the black pixel voltages on
a capacitor for later subtrac-
tion from the signal, the de-
vice samples the black pixels
directly on the ADC compara-
tor. The device then compares
these black signals with the
ramp voltage, and the counter
counts down during this phase
until the ramp voltage crosses
the black signal and the coun-
ter stops. The unit then ap-
plies the pixel voltage to the
comparator, and the counter
starts counting up, effective-
ly subtracting the black sig-
nal from the pixel value. This

digital architecture eliminates the need
for large sampling capacitors and reduces
switching noise.

CMOS-image-sensor commercializa-
tion has been rapid. One or two players
do not dominate the market. The result
is a range of innovation, as the small but
important ADC demonstrates. Expect
market convergence within the next
three to five years. Meanwhile, tracking
the major designs will be interesting.EDN
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Sample-and-hold devices find
use in front of ADCs. The basic

sample-and-hold circuit comprises two
op amps, A1 and A2; a switch, S1; and
a capacitor, C1 (Figure 1). For many
low-power op amps, the values of the
input and output voltages can be only
�10 to �14V using a standard �15V
power supply. Enabling these devices

to handle greater voltage can signifi-
cantly improve the resolution of an
ADC.

You can increase the memorized
voltage that amplifiers A1 and A2 can
reach by using a variable power supply
(references 1 and 2). This approach
places additional voltage require-
ments on S1, however. To continue

using switches
with the same
range as the
original, you
must add two
switches and
independent
control-logic
blocks , CL 1
and CL2, for
switches S1, S2,
and S3 (Fig-
ure 2). The

two parts of the circuit may have in-
dependent power supplies. You apply
the same variable voltages to ampli-
fiers A1 and A2 as you do to control-
logic blocks CL1 and CL2, respective-
ly. When S1 and S3 are closed, S2 is
open, and vice versa.

The resulting circuit keeps the volt-
ages connected to the gate and sub-
strate for the MOS transistors of each
switch within the desired 30V range
(Figure 3). (You derive this value from
the sum of absolute-voltage values:
|V1|�|V2| and |V3|�|V4|.) Volt-
ages V1 and �V2 connect to amplifi er
A1, control-logic block CL1, and the
substrates of the transistors of switches
S1 and S2. Voltages V3 and �V4 con-
nect to amplifi er A2, control-logic
block CL2, and the substrates of the
transistors of switch S3.

You create the changing voltages
of V1 and V2 using resistor dividers
R5 and R6 and R7 and R8, which con-
nect to the 30 and the �30V power
supplies and the output of amplifier
follower A1 (Figure 3). Transistors
Q1 and Q2 create the change to the
power supply of amplifier A1. Volt-
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Increase the range of memorized
voltage for a sample-and-hold device

Figure 1 A basic sample-and-hold circuit comprises two op
amps, a switch, and a capacitor.
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Figure 2 To continue using switches with the same voltage range as that
of Figure 1, you must add two switches and two independent control-logic
blocks.

�

�

�

�
S1

S2

S3

C1

VOUT

A1

A2

VIN

V1

V2

V1

V2

CONTROL
LOGIC

CL1

V3

V3

V4

V4

CONTROL
LOGIC

CL2

VCONTROL

EDN090102DI_ID  47EDN090102DI_ID  47 1/8/2009  10:46:21 AM1/8/2009  10:46:21 AM



48  EDN |  JANUARY 22, 2009

Most readers are familiar with
the current-limiting circuit in

Figure 1, in which the load current,
IL, is limited to a value of IL�VBE/RS,
where VBE is the base-to-emitter volt-
age and RS is the sense resistance. Un-
der normal conditions, in which the
base-to-emitter voltage is too small to
bias Q1 on, P-channel MOSFET Q2’s
gate resistor, RG, biases Q2 fully on, and

only the load resistance, RL, and the
load voltage, VL, determine the load
current. However, if the load current
increases to a point at which the base-
to-emitter voltage is approximately
0.7V, Q1 starts to conduct and reduces
Q2’s gate-to-source voltage, VGS, to a
level that holds the load current rough-
ly constant at a value you derive from
ILMAXIMUM�0.7V/RS.

This linear current limiter is effec-
tive for applications in which the max-
imum load current, the supply voltage,
or both are relatively small. However,
the power that the circuit’s pass tran-
sistor, Q2, dissipates limits the circuit’s
applicability. For example, if the maxi-
mum load current is 200 mA and the
supply voltage, VS, is 24V, a short cir-
cuit across the load would dissipate al-
most 5W into Q2. Q2 must handle this
power with adequate margin, and ad-
ditional heat-sinking may be neces-
sary to keep its junction temperature
at a safe level. Using larger values of

designideas

ages V1 and V2 also supply power to
control-logic block CL1 and the sub-
strates of the transistors of switches S1
and S2. CL1 comprises transistors Q11,
Q12, Q15, and Q16. It creates a control
signal for gates Q5 and Q6 of switch S1
and the inverse signal for gates Q8 and
Q9 of S2.

Resistor dividers R9 and R10 and R11
and R12 connect to the 30 and the
�30V power supplies, and the output
of amplifier follower A2 creates the

changing voltages V3 and V4. Tran-
sistors Q3 and Q4 create the change
to the power supply of amplifier A2.
Voltages V3 and V4 also supply pow-
er to control-logic block CL2 and the
substrates of the transistors of switch
S3. CL2 is made up of transistors Q13,
Q14, Q17, and Q18. It creates a control
signal for gates Q7 and Q10 of switch
S3. Transistors Q5 through Q10 and
Q11 through Q18 of CL1 and CL2, re-
spectively, are complementary pairs of

MOS logic transistors.EDN

R E FE R E N CE S
Velikson, Yakov, “Controlled power

supply increases op amp’s output-
voltage range,” EDN, March 15,
2007, pg 72, www.edn.com/article/
CA6421438.

Velikson, Yakov, and Igor Ribkin,
“Analog switch, 1385288,” Bulletin of
Izobreteny (Copyrights and Patents),
No. 12, 1988.

Inexpensive self-resetting circuit
breaker requires few parts
Anthony H Smith, Scitech, Bedfordshire, England
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Figure 3 You can create the changing voltages of V1 and V2 using resistor dividers R5 and R6 and R7 and R8.
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Monolithic Synchronous Step-Down Regulator Delivers up to 
12A from a Wide Input Voltage Range – Design Note 457

Charlie Zhao and Henry Zhang

01/09/457
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Figure 1. 4.5V to 20V Input to 2.5V/8A High Density Step-Down Converter

Typical Application Example
Figure 1 shows a typical application schematic of the 
LTC3608. This 7mm × 8mm regulator supplies 2.5V 
at 8A maximum load current from a 4.5V to 20V input 
source. This application switches at a nominal 650kHz, 
which allows the use of low profi le inductor and capaci-
tors while maintaining high effi ciency. The switching 
frequency can be easily adjusted by a resistor (RON in 
Figure 1, connected to the ION pin). Figure 2 shows the 
operating effi ciency. 

The FCB pin is connected to ground to force continuous 
mode operation at light load for both low noise and small 
output ripple. The FCB pin can also be tied to INTVCC 
to enable discontinuous mode for higher effi ciency at 
light load. Soft-start is programmable with a capacitor 
from the RUN/SS pin to ground. Forcing the RUN/SS 
pin below 0.8V shuts down the device.

The LTC36XX family are valley current mode regu-
lators so they inherently limit the cycle-by-cycle 

Table 1. Comparison of LTC36XX Family Members
LTC3608 LTC3609 LTC3610 LTC3611

INPUT VOLTAGE 
RANGE (V)

4 to 20 4.5 to 32 4 to 24 4.5 to 32

MAX LOAD 
CURRENT (A)

8 6 12 10

QFN PACKAGE 
SIZE (mm)

7 × 8 × 
0.9

7 × 8 × 
0.9

9 × 9 × 
0.9

9 × 9 × 
0.9 L, LT, LTC and LTM are registered trademarks of Linear Technology Corporation. 

All other trademarks are the property of their respective owners. 

Introduction
The LTC®3610 is a high power monolithic synchronous 
step-down DC/DC regulator that can deliver up to 12A 
of continuous output current from a 4V to 24V (28V 
maximum) input supply. It is a member of a high current 
monolithic regulator family (see Table 1) that features 
integrated low RDS(ON) N-channel top and bottom 
MOSFETs. This results in a high effi ciency and high 
power density solution with few external components. 
This regulator family uses a constant on-time valley 
current mode architecture that is capable of operating 
at very low duty cycles at high frequency and with very 
fast transient response. All are available in low profi le 
(0.9mm max) QFN packages. 
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inductor current. The inductor current is sensed using 
the RDS(ON) of the bottom MOSFET —no additional 
current sense resistor is required. The current limit 
is also adjustable with the voltage at the VRNG pin. 
When the VRNG pin is tied to ground, in the Figure 1 
example, the current limit is set to about 16A.

An open-drain logic power good output voltage moni-
tor (PGOOD) is pulled low when the output voltage is 
outside ±10% of the regulation point. In the case of 
overvoltage, the internal top MOSFET is turned off and 
the bottom MOSFET is turned on until the overvoltage 
condition clears. The LTC36XX also includes a foldback 
current limiting feature to further limit current in the 
event of a short circuit. If the output drops more than 
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Figure 2. Effi ciency vs Load Current of Figure 1
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Figure 3. Two LTC3610s in Parallel Can Provide 24A Output Current

25%, the maximum sense voltage is lowered to about 
one sixth of its original value.  

Paralleling Regulators for >12A 
These parts can be easily paralleled for high output 
current applications. Figure 3 shows a 1.2V/24A 
application using two parallel LTC3610s. Because of the 
valley current mode control architecture, the paralleled 
regulators can operate at very low duty cycles with fast 
transient response and excellent load balance. 

The current sharing is simple. Connect the ITH pins 
together, since the ITH pin voltage determines the 
cycle-by-cycle valley inductor current. The feedback 
pins of paralleled LTC3610s share a single voltage 
divider. The RUN/SS pins are connected so that the 
LTC3610s start up with same slew rate. The paralleled 
LTC3610s have excellent thermal balance due to good 
current sharing.  

Conclusion
With broad input and output ranges, high current 
capability and high effi ciency, these monolithic regula-
tors provide small size, low external component count 
power solutions for many applications from com-
munications infrastructure to industrial distributed 
power systems.

For applications help,
call (408) 432-1900, Ext. 3258
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maximum load current, supply
voltage, or both exacerbates this
problem. In many applications,
the cost, size, and weight of the
components necessary to handle
the short-circuit power dissipa-
tion may be prohibitive.

However, by adding a few
inexpensive components, you
can adapt the circuit to pro-
vide effective current limiting
with none of the power-dis-
sipation headaches. The re-
sulting circuit functions as a
self-resetting circuit breaker
(Figure 2a). Again, Q1 and RS pro-
vide a current-monitoring function
in which the sense voltage VSENSE�
IL�RS. In this circuit, however, Q2 is
either fully on or fully off and never
biases into its linear region. Because
Q1’s base current is normally small, the
voltage drop across base resistor RB is
also small, such that the base-to-emit-
ter voltage is approximately equal to
the sense voltage.

To understand how the circuit works,

assume that the load current is initial-
ly low and the base-to-emitter voltage
is less than 0.7V. Under these condi-
tions, Q1 is off and timing capacitor C1
remains uncharged such that VIN, the
voltage at the input of Schmitt inverter
IC1, is 0V. Thus, IC1’s output is approxi-
mately 5V, biasing Q3 on, which in turn
provides gate bias for Q2 through R4, al-
lowing current to flow from the supply
voltage into the load through the sense
resistor and Q2’s on-resistance.

If a fault now causes the load
current to increase to a level at
which the base-to-emitter voltage
is approximately 0.7V, Q1 turns
on and its collector current rap-
idly charges C1. The input volt-
age now quickly rises toward the
Schmitt inverter’s upper thresh-
old voltage, VTU, at which point
IC1’s output goes low, turning off
Q3 and Q2. The load current now
falls to 0A and the base-to-emit-
ter voltage falls to 0V, thereby
causing Q1 to turn off. C1 now
begins to discharge through R1

and R2, and the input voltage slow-
ly falls toward the Schmitt inverter’s
lower threshold voltage, VTL. At this
point, IC1’s output again goes high, Q3
and Q2 turn on, the circuit breaker re-
sets itself, and the process repeats un-
til you remove the fault.

The circuit’s waveforms show the
relationship between the input volt-
age and the load voltage (Figure 2b).
Because load current flows into Q2
only during the on-time, the average
power it dissipates is directly propor-
tional to the duty cycle: PAVG∝tON/
(tON�tOFF), where PAVG is the aver-
age power in watts, tON is the on-time,
and tOFF is the off-time. Provided that
C1, R1, and R2 set a large enough time
constant, the off-time will normally
be much greater than the on-time,
and the resulting power that Q2 dis-
sipates will be low. Like the linear-
current limiter, the sense resistor sets
the circuit breaker’s current limit:
ILMAXIMUM�0.7V/RS (A).

R1 and R2 form a potential divider
that ensures that the input voltage
can never exceed IC1’s maximum in-
put voltage. Select values such that
the input voltage is 5V or less when
Q1 is fully on, where the voltage of
C1 is roughly equal to the supply volt-
age. Also, choose values that are large
enough to provide a large time con-
stant without requiring an excessively
large value of C1. The selection of tran-
sistor Q1 isn’t critical, but you should
select a device with good current gain
and make sure that its maximum col-
lector-to-emitter voltage is greater
than the supply voltage. When choos-
ing a P-channel MOSFET for Q2, re-
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Figure 1 A conventional two-transistor current
limiter prevents excessive current from reaching
the load.
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Second-generation current con-
veyors feature wide signal band-

width, linearity, wide dynamic range,
simple circuitry, and low power con-
sumption. Hence, designers employ
several implementations of current
mode in these devices for realizing var-
ious functions. A previous Design Idea
introduced a second-generation dual-
output current-controlled conveyor to
create oscillators (Reference 1). Un-
fortunately, these circuits aren’t avail-
able as ICs, but you build them from
discrete components. Figure 1 illus-
trates an active building block of such a
circuit, which the following equations
characterize: IY�0, VX�VY�IXRX,

IZ�
�IX, and IZ�

��IX. You can express
the parasitic resistance at terminal X
as RX�VT/2IB, where VT is the thermal
voltage and IB is the bias current of the
conveyor that is tunable over several
decades. Figure 2 shows the bipolar
implementation of the circuit.

The circuit provides an extra degree
of freedom in the sense that the con-
trol over the frequency of oscillation
can be through both current and volt-
age. The circuit in the previous De-
sign Idea provides various advantages,
it this new circuit not only retains all
those essential advantages, it also pro-
vides an extra feature of voltage con-
trollability of frequency of oscillation.

Additionally, you can control the con-
dition of oscillation using the convey-
ors’ bias currents.

Figure 3 shows the proposed si-
nusoid-oscillator circuit. You can
obtain the characteristic equation
for the circuits as follows: S2C1C2
RX1RX2�SC2RX2�SC2RX1�K�0,

designideas

member that it must withstand the full
supply voltage when you bias it off, so
make sure that the maximum drain-to-
source voltage is greater than the sup-
ply voltage. When choosing a value for
the sense resistor, ensure that the base-
to-emitter voltage is less than 0.5V at
the maximum normal value of the load
current.

Loads such as filament bulbs, ca-

pacitive loads, and motors that ex-
hibit a large inrush current can cause
the circuit breaker to trip on power-
up. You can avoid these problems by
adding capacitor CX, diode DX, and
resistor RX. On power-up, CX is ini-
tially uncharged and pulls the input
voltage toward 0V through DX. This
action prevents the circuit breaker
from tripping until the inrush current

subsides. CX and RX determine a delay,
after which the voltage on CX even-
tually rises to the supply voltage, DX
becomes reverse biased, and the cir-
cuit breaker is then free to respond
to overcurrent faults. Be prepared to
experiment with the values of CX and
RX to get the right delay time. Values
of 10 �F and 1 M�, respectively, are
good starting points.EDN

Sinusoid generator uses dual-output
current-controlled conveyors
Abhirup Lahiri, Netaji Subhas Institute of Technology, New Delhi, India
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Figure 1 Second-generation cur-
rent conveyors feature wide signal
bandwidth, linearity, wide dynamic
range, simple circuitry, and low
power consumption.
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Figure 2 A current-controlled circuit uses no internal resistors or capacitors.

EDN090102DI_ID  54EDN090102DI_ID  54 1/8/2009  10:46:24 AM1/8/2009  10:46:24 AM



Provides better than 2 parts per billion tuning resolution
The DS4026 is an extremely accurate TCXO for wireless applications, SONET/SDH systems, instrumentation, 

and test systems. It is guaranteed accurate and stable to better than ±1ppm over the -40°C to +85°C 

industrial temperature range and better than ±4.6ppm under all conditions. With an integrated 16-bit 

control DAC, frequency trimming is accomplished by I2C control with resolutions better than 2ppb and 

ranges greater than ±8ppm. The device operates from a 3.3V ±5% supply voltage and is packaged in a 

standard 300-mil, 16-pin SO.

Highly accurate TCXO integrates 
tuning and control DAC

< ±1ppm accuracy 
Overall stability of < ±4.6ppm 
under all conditions
Integrated 16-bit DAC for tuning
Integrated temperature sensor 
with ±3°C accuracy

I2C control interface
Phase noise: < -140dBc at 
1kHz frequency offset
12.8MHz to 51.84MHz 
frequency range 
Custom frequencies available

The Maxim logo is a registered trademark of Maxim Integrated Products, Inc.  © 2009 Maxim Integrated Products, Inc. All rights reserved.

 www.maxim-ic.com/DS4026tcxowww.avnet.com

™DIRECT
www.maxim-ic.com/shop

For free samples or technical support, visit our website or call 1-800-998-8800.

I2C
CONTROL

CONTROL
LOGIC

PIERCE
XTAL OSC

TEMP
SENSOR

16-BIT
DAC

16-SO

11mm x 11mm

PH
AS

E 
NO

IS
E 

(d
Bc

/H
z)

PHASE NOISE vs. FREQUENCY OFFSET
-80

-90

-100

-110

-120

-130

-140

-150

-160
10 100 1k 1M100k10k

COMPETITOR A

COMPETITOR B

COMPETITOR C

DS4026

DS4026

FREQUENCY OFFSET (Hz)

EDN090102_ADS.indd  55EDN090102_ADS.indd  55 1/7/2009  12:37:51 PM1/7/2009  12:37:51 PM



56  EDN |  JANUARY 22, 2009

Microcontrollers now
find use in every walk

of life. Their peripherals vary
from the general-purpose I/Os
to the USB interface, mak-
ing them versatile for a range
of products. Timing is one key
part of a typical microcon-
troller application. Low-cost
microcontrollers have one or
two built-in timers and often
also have a watchdog timer.

Sometimes, the design requires more
timers without a significant cost in-
crease. Software timers are not suitable
for time-critical application because
the controller is fully occupied. The

circuit in this Design Idea uses
the I/O “interrupt-on-change”
feature that is common in most
microcontrollers to implement
a medium-precision, long-pe-
riod timer with low additional
cost.

The circuit in Figure 1 uses
I/O1, a typical I/O pin, to drive
an RC filter. The circuit feeds
the output of the RC filter to a
Schmitt-trigger inverter whose

designideas

where K is the voltage multiplier. Satis-
fying Barkhausen’s criteria—that the
loop gain is unity or greater and that
the feedback signal arriving back at
the input is phase-shifted 360�—the
required condition for oscillation is
RX1�RX2, and the frequency of oscilla-
tion is f�1/2��k/(C1C2RX1RX2).

Clearly, you can use the gain buffer
to vary the frequency of oscillation,
which is the area in which this circuit
differs from the earlier Design Idea. You
can use both current and voltage to
control the voltage multiplier. The cir-
cuit lets you vary the voltage multiplier
by adjusting bias currents IB3 or IB4 (Fig-
ure 4). For voltage control over K, you
can use another circuit simply by using
a noninverting op amp and replacing
the resistors with MOSFETs working in
that triode region. That approach sim-
ulates voltage-controlled resistors.

The circuit in Figure 2 underwent
testing with a PR100N PNP transistor
and an NPN NP100N transistor of the
bipolar arrays ALA400 and a dc supply
of �3V (Reference 2).

The circuit requires only two cur-
rent-controlled conveyors, two ground-
ed capacitors, and a voltage multiplier;
it requires no floating capacitors and
no external resistors, which makes
the circuit’s power consumption lower
than that of RC oscillators. For a con-
ventional bipolar-transconductance
operational amplifier, the transcon-
ductance, gm, is IB/2VT. Comparing

this figure with the equivalent value
of IB, the transconductance of the bi-
polar-transconductance op amp is four
times less than that of a dual-output
current-controlled conveyor. Thus,
the power consumption of the cur-
rent-controlled-conveyor-based cir-
cuit is about four times less per active
device than that of the op-amp-based
circuit. The sensitivity study shows
that SωC

K;RX1;RX2;C1;C2��½; ωc sensitiv-
ities are hence less than unity, which is
an attractive feature of this circuit. Re-
member that creating an accurate os-
cillator model requires modeling equa-
tions to be nonlinear, and meeting
the Barkhausen criteria is a necessary

condition for oscillation. Oscillator
circuits may latch up and never oscil-
late even if you satisfy the Barkhausen
criteria.EDN
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Perform timing for microcontrollers
without using timers
Ganeshkumar Krishnamoorthy, NTERA Ltd, Dublin, Ireland
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Figure 3 This configuration creates
an oscillator from two current-con-
trolled conveyor circuits.
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Figure 4 This circuit lets you vary the volt-
age multiplier by adjusting bias currents IB3

or IB4.

MICROCONTROLLER

I/O2 INTERRUPT ON CHANGE

GND
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1M

IC1A
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10 	F
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+

Figure 1 The RC filter along with I/O2’s interrupt-on-
change feature provides a simple and cost-effective
approach for a variety of time-scale measurements
from microseconds to minutes.

1
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output goes back to I/O2,
which has the interrupt-
on-change feature. After
power-up, I/O1 is low and
the output of the Schmitt-
trigger inverter is high.
After initialization, I/O1
goes high. Capacitor C1
charges up with the time
constant R1C1. Once it
reaches logic-high voltage,
the output of the Schmitt-
trigger inverter goes low
and triggers an interrupt
on I/O2. In the ISR (in-
terrupt-service routine), a
counter increments, driv-
ing I/O1 low. Now, C1 dis-
charges through R1. The
voltage reaches logic low,
again triggering an interrupt. As the
cycle repeats, the value in the counter
indicates time�counter�R1C1. The
Schmitt-trigger inverter serves as a
debouncer.

Listing 1, which is available in the
Web version of this Design Idea at

www.edn.com/090122dia, includes the
software routine for the ATMEGA64
microcontroller from Atmel (www.
atmel.com). In the listing, Port D,
Pin 5 plays the role of I/O1 and Pin
3, whose alternate function is INT3,
plays the role of I/O2 in Figure 1. The

trigger-edge interrupt in this
case changes from falling-ris-
ing-falling edge in a cycle.
Most microcontrollers don’t
require this feature because
any logic change will trigger
an interrupt. Figure 2 shows
the timing waveform of the
circuit with the ATMEGA64
and the 74HC14.

The circuit’s advantages
are its low cost, a microcon-
troller-clock-independent
time period, and the ability
to achieve time periods of
minutes to hours by tuning
resistance and capacitance.
For example, with a resis-
tance of 10 M�, a capaci-
tance of 10 �F, and a 16-bit

register as a counter, you can achieve
a maximum count of 75.85 days.EDN
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Figure 2 Channel 1 shows I/O1’s waveform, and Channel 2
shows the capacitor’s charging/discharging waveform. The
time period of the waveform is 10.4 sec.

a leap ahead
 in power management

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

High performance analog ICs 
for your Power Management

DC-DC Converters
Outstanding effi ciency

LDOs
Ultra low dropout, ultra low noise

Supervisors
World’s lowest power consumption

PMUs
Highly integrated, fl exible solutions

LMUs
Smart and simple-to-use lighting solutions

AS1343 Boost Converter

5.5 to 42V output voltage

0.9 to 3.6V input voltage

30mA @ 12VOUT from 1.5VIN

Longest battery life

High effi ciency

 Free samples online at ICdirect
www.austriamicrosystems.com/ICdirect
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Autocalibration design kit
interfaces with optoelec-
tronic-sensor components

Allowing compensation for de-
vice-to-device variation in opto-

electronics, the OCV100 automatic-
calibration design kit calibrates reflec-
tive or interruptive devices. This fea-
ture allows designers to compensate for
variations from manufacturing differ-
ences, temperature changes, power fluc-

Controller IC combines resonant controller
with high-voltage drivers, PFC controller

The HiperPLC high-powered, PFC (power-factor-corrected), LLC (resonant
converter), power-supply-controller IC integrates a CCM (continuous-con-

duction-mode) PFC controller, an LLC resonant converter, and 800V half-bridge
high-side/low-side driver circuitry in an IC package. The continuous-mode PFC
reduces the cost of PFC magnetics by limiting ac flux, eliminating the need for Litz
wire in the input choke and reducing ripple current delivered to the PFC bulk ca-
pacitor. Suiting use in flat-panel televisions and high-brightness-LED streetlights,
the IC features a high-efficiency ZVS (zero-voltage-switching) LLC and off-time
PFC control, eliminating ac-input-sensing components. The HiperPLC costs $2
(10,000).
Power Integrations, www.powerint.com

OPTOELECTRONICS/DISPLAYS

�

productroundup

• 0.4 Watts to 150 Watts
Power Transformers

• 115V/26V-400/800 Hz Primary

• Secondary Voltages 
2.5V to 300V

• Manufactured to MIL-PRF 27
Grade 5, Class S, (Class V, 
1550C available)

• Surface Mount or Plug-In

• Smallest possible size

See Pico’s full Catalog immediately

www.picoelectronics.com

Surface Mount
and Plug-In

Now... 
up to 
150

Watts

Electronics, Inc
143 Sparks Ave., Pelham, NY 10803

Call Toll Free: 800-431-1064
E Mail: info@picoelectronics.com

FAX: 914-738-8225

Delivery - Stock to one week

INDUSTRIAL • COTS • MILITARY

PICO

400 / 800 Hz
Transformers

�

tuation, and device aging commonly
present in optoelectronic systems. Re-
quiring only an external power supply
and the optical device for testing, the
kit allows engineers to adapt and cali-
brate any of the vendor’s sensors to any
unique application. Four onboard lights
indicate device calibration, inability
to calibrate the device, and when the
analog output reaches the logical trip
point higher than the calibration point
or lower than the calibration point.
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Tools

Cx51

www.keil.com

www.keil.com/c166

www.keil.com/arm

www.keil.com/c51

Call 1-800-348-8051 for a free demo CD.

CPU

Timers

PWM

UART

2
I C/SPI RTC

RAM

Debug
Channel

Flash
ROM

Interrupts

DMA

SD CAN

A/D I/O Ports Run-
Control

ULINK 2 Adapter

for target debugging 

and Flash programming.

®
C/C++ Development Kit including
best-in-class compilers, genuine Keil

®
μVision , and royalty-free RTX RTOS.

Keil RTOS and Middleware components are specifically 

optimized for embedded systems and include TCP/IP, Flash File 

system, USB and CAN support.

Out-of-the box support

for more than 1,400 

Microcontroller devices.

The Leader in Microcontroller Development Solutions

USBEthernet

C166

ARM

The kit allows you to set the internal
photo transistor-load resistance at 2.5,
9.6, or 24 k�. Prices for the OCV100
automatic-calibration design kit range
from $31.94 to $42.59.
Optek Technology,
www.optekinc.com

High-brightness
LED driver claims
92% efficiency

Aiming at boost, buck-boost,
SEPIC (single-ended-primary-

inductance-converter), and high-side
buck topologies, the MAX16834 cur-
rent-mode high-brightness-LED driv-
er integrates a high-side current-sense
amplifier, a PWM-dimming MOSFET
driver, and robust protection circuit-
ry. The device has 92% input-power-
factor correction, requiring no addi-
tional PFC controller. This feature,
along with thermal-foldback protec-
tion, suits the device for MR16 spot-
lights and similar applications receiv-
ing power from ac-voltage sources.
Available in a thermally enhanced

�

3W LED provides
a full-color output

The AstraLED RGB suits use
in a variety of kitchen appli-

ances, communications equipment,
medical devices, and automotive and
sign applications requiring bright, in-

tense light with
low power con-
sumption. The
LED provides
an ultrabright,
full-color out-
put in a ROHS-
compliant, 3W,

high-power RGB package. Features
include 8-, 25-, and 20-lumen light
intensities at currents of 300 (red),
350 (green), and 350 mA (blue), re-
spectively, and a �30 to �85�C op-
erating-temperature range. Measuring
10�16�3.3 mm, the AstraLED RGB
costs $4.
Lumex, www.lumex.com

650-nm fiber-optic
transceiver provides
termination for bare POF

The Ethernet Optolock trans-
ceiver combines a pair of fast-

Ethernet fiber-optic components in a
miniature housing to provide instant
termination for bare POF (plastic op-
tical fiber). Integrating a CMOS LED
driver IC, the POF port improves the
connection in communications and
infotainment networks. The resonant-
cavity LED-based 650-nm fiber-optic
device has a small emission aperture
and provides a fast-Ethernet commu-
nication link over POF. Compatible
with both LVDS (low-voltage-differ-
ential-signaling) and CML (current-
mode-logic) technologies, the device

�

4�4-mm TQFN-20 package with an
exposed paddle, the MAX16834 costs
$1.24.
Maxim Integrated Products,
www.maxim-ic.com

�

enables designers to perform on-site
cutting and termination of the fiber
to the required length. Suiting 1.5- or
2.2-mm POFs, the Ethernet Optolock
transceiver costs $5 (high volumes).
Firecomms, www.firecomms.com

COMPUTERS AND
PERIPHERALS
Graphics card targets
business applications

Using DisplayPort connectors,
the Quadro NVS 450 graphics

card supports as many as four digital

�
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displays at 2560�1600-pixel resolutions each on LCD, DLP,
and plasma displays. Targeting business-graphics applications,
the graphics card uses CUDA parallel-computing processors
and a unified design for dynamic GPU-resource allocation.
PCIe (PCI Express) 2.0 compliance provides a 5-GTbps-per-
lane bidirectional transfer rate for an 8-Gbps aggregate band-
width in each direction. The Quadro NVS 450 graphics card
costs $499.
Nvidia, www.nvidia.com

productroundup

135dB DNR, -120dB THD 

Patented 32-bit Hyperstream™ DAC
Patented Time Domain Jitter Eliminator
I2S/DSD/SPDIF input
Programmable fi lter characteristics
Mono, stereo or 8-channel modes
100mW power consumption

WORLD’S BEST AUDIO DAC

Simply Stunning
www.esstech.com

ES9018 Reference 32-bit Audio DAC
Stereo ES9012 (8-channel ES9018)

Patented Jitter Eliminator Performance

Unified serial HBA family supports
128 SATA or SAS storage devices

The Series 1 unified serial HBA (host-bus-adapter) fam-
ily features the 1405 and 1045 low-profile cards, sup-

porting as many as 128 SATA or SAS storage devices. The
1405 integrates four internal ports, and the 1045 provides four
external ports. The devices suit systems requiring connectivity
to hard disks, tape drives, removable media, solid-state drives,
RBODs (RAID bunch of disks), expanders, and JBODs (just a
bunch of disks). The 1405 kit, the 1405 single, and the 1045
single cost $190, $160, and $190, respectively.
Adaptec, www.adaptec.com
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Washers
NINETY YEARS OF
Experience

23,000 flat washer sizes
with no tooling charges

Over 2,000 material
choices

Most orders shipped in
2 weeks or less!

FREE 2009 CATALOG

www.frontpanelexpress.com 
(206) 768 - 0602

• Cost-effective prototypes and 
 production runs
• Wide range of materials or customi-
 zation of provided material
• Automatic price calculation
• Fabrication in 1, 3 or 7 days

FRONT PANELS 
& ENCLOSURES

Customized front panels can be
easily designed with our free

software Front Panel Designer

Sample price:
$ 43.78 plus S&H
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clude a color gamut achieving 96%
coverage of AdobeRGB, a 16-msec re-
sponse time, a 1000-to-1 typical con-
trast ratio, and a 300-cd/m2 typical
brightness. The device receives ana-
log- and digital-input signals. The 22-
in. MultiSync P Series P221W LCD
monitor costs $636.90.
NEC Display, www.necdisplay.com
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LCD monitor has 96%
coverage of AdobeRGB

Providing 1680�1050-pixel na-
tive resolution, the 22-in. Mul-

tiSync P series P221W LCD moni-
tor features AmbiBright automatic
brightness adjustment and internal,
10-bit, programmable look-up tables.
Using XtraView�, the monitor pro-
vides a 178� (88�/88�/88�/88�) viewing
angle on a four-way ergonomic stand
allowing tilt, swivel, pivot, and height
adjustments. Additional features in-

8-Gbit Pico-C USB drive
comes in 18-carat gold

The STC8GBPCKG 18-carat
solid-gold USB drive supports

data-transfer speeds as great as 30
Mbytes/sec. The water-resistant, 8-
Gbit Pico-C drive includes FIPS-cer-
tified AES-256 encryption software.
The gold STC8GBPCKG Pico-C
drive costs $599.
Super Talent Technology,
www.supertalent.com

Memory modules target
Intel’s Core i7 processor

Aiming at the Intel Core i7 pro-
cessor’s triple-channel memo-

ry controller enables the Triple Pack
Memory modules to support 1333-,
1600-, and 1866-MHz DDR3 memo-
ry speeds. The kits feature three 1- or
2-Gbyte modules, providing 3- or 6-
Gbyte kits. The 1600- and 1866-MHz
kits feature the vendor’s Dominator
memory modules, and the 1866-MHz
kits include an airflow fan. Based on
memory speed, prices for the six Tri-
ple Pack Memory modules range from
$120 to $475.
Corsair, www.corsair.com

�

�

�
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needed a reliable radio for race-strategy
communications.

The team was made up of world-
class mechanical geniuses, but they
were afraid of “wires.” In the good old
days, the only cabling on an Indy car
was a single 12-gauge wire running
from the magneto to the kill switch
on the dashboard. Our more modern
contender had miles of daunting wiring
for the engine-control unit, the data-
acquisition harness, telemetry, and the
voice-communication system.

One of my first assignments was help-
ing to identify and eliminate the radio
interference. The mechanics could de-

scribe whatever it was as simply “noise.”
My supervisor felt that we should and
could be a bit more specific.

Research at the shop had suggested
a number of possibilities. A 50-kV igni-
tion system is always a suspect. I tried
to apply my experience with high-end
stereos and remembered the way that
metal body panels of luxury cars con-
nect to each other with stout ground
straps and that the front wheels have
copper electrical-contact springs under
the wheel-bearing caps to prevent in-
terference. A passage in our ham-radio
bible intrigued us; it spoke briefly of
putting “tire powder” inside automo-

bile tires to stop tire-generated static.
We put on our own headsets and

listened to the driver and the engi-
neer. I recognized minor amounts of
electrical static, FM interference, and
wind noise, but the major problem
sounded to me like plain old acoustic
noise from the engine’s exhaust. The
driver’s helmet had a good noise-can-
celing military pilot’s microphone, and
he kept the mike as close as possible to
his lips, but the noise level remained
unacceptable.

After some brainstorming, we dis-
connected the driver’s microphone
and instructed him to press the push-
to-talk button on his steering wheel
while he was out doing laps. The noise
remained. The radio was soft-mounted
in the chassis like the rest of the elec-
tronics to prevent damage from the
tremendous vibration caused by the
hard-mounted engine, so we made sure
the foam hadn’t fallen out. We double-
checked that the normally handheld
radio’s original microphone was still
unplugged internally. Somehow, magi-
cally, the deaf radio was determined to
listen to the engine’s 850-horsepower
holler as much as the driver’s one-man-
power mouth. Beating a spare radio
with a hammer on our table produced
similar results. Disassembling the radio
and hammering the circuit board sug-
gested a problem with the PLL (phase-
locked-loop) circuitry.

More research revealed that most
PLL radios are inherently microphon-
ic—normally, to a negligible extent.
It looked as though we shouldn’t have
placed our major-brand radio 21⁄2 feet
away from an unmuffled, 12,000-rpm,
turbocharged V8 engine at full song!
We had some older crystal radios still in
a cabinet, and we tried one at the next
test expedition before modifying a PLL
unit. Voilà! My supervisor felt we had
ourselves a “speed secret” and instruct-
ed us not to tell any other team. But
we're still wondering what the story is
on the mysterious tire powder.EDN

Roy Gardner has tamed electrons for
several major electronics firms and
Indy car teams.
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BY ROY GARDNER • SUPERIOR TECHNICALT A L E S  F R O M  T H E  C U B E

 Y
ears ago, I was on a team working for All American
Racers in Santa Ana, CA. During a test session,
the sound of our team’s newly designed Indy car
screaming by at 180 mph made it difficult for us
to identify the bothersome interference problems
in our 460-MHz FM car-to-pit radio-communica-

tion system. We moved our equipment to a picnic table in the
infield where there was less ambient noise and settled down to
figure out why it was so hard for the driver and the race engi-
neer to communicate. The racing season was coming up, and we
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