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—> Get equipped with leading edge
EM technology. CST’s tools enable you
to characterize, design and optimize
electromagnetic devices all before going into
the lab or measurement chamber. This can
help save substantial costs especially for new
or cutting edge products, and also reduce
design risk and improve overall performance
and profitability.

Involved in mobile phone development? You
can read about how CST technology was
used to simulate this handset’s antenna
performance at www.cst.com/handset. If
you're more interested in filters, couplers,
planar and multi-layer structures, we’ve a wide
variety of worked application examples live on
our website at www.cst.com/apps.

The extensive range of tools integrated in
CST STUDIO SUITE enables numerous
applications to be analyzed without leaving
the familiar CST design environment. This
complete technology approach enables
unprecedented simulation reliability and
additional security through cross verification.

—> Grab the latest in simulation technology.

Choose the accuracy and speed offered by
CST STUDIO SUITE.
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30 GREEN GOLD

Algae cells contain oil—lots of oil. Here’s why they could make the
ideal renewable fuel. By Philip T. Pienkos, Eric Jarvis & Al Darzins
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A recently discovered form of carbon is poised to serve as the perfect
complement to silicon. By Alexander Sinitskii & James M. Tour
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Sehat Sutardja is an old-school analog guy, but he and his company
are at the center of a digital device revolution. By Tekla S. Perry

42 A SPIN TO REMEMBER

Computer memories based on the bizarre property of electron spin
promise to revolutionize data storage.
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48 BRIGHT LIGHTS, BIG CITY
A New York City shop celebrates the glory of the lightbulb in the
waning days of incandescence. By Ariel Bleicher & Randi Silberman Klett
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A new light source could outshine the
competition. By Sally Adee
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for surveillance and rescue operations.

OPINION
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it's usually a lousy bet for an investor.
By Philip E. Ross
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For catching a fibber in the act, a
technique called voice stress analysis
might be better than functional MRI.

17 REFLECTIONS

Life is a roller-coaster ride for sure, but
is the track shaped like a gentle bell
curve or a dangerous power law?

By Robert W. Lucky
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IEEE Spectrum intern Ariel Bleicher
learns why selling lightbulbs is about
more than just turning a profit.
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This year’s guide features four
electronics gifts that are so much

fun, your kids won't realize how much
they’re learning. For the grown-ups,
we offer the world’s sexiest computer
mouse and a pocketknife that gives
new meaning to the word switchblade.
And for audiophiles of all ages, there’s
a musical recording studio on the
cheap and a line of headphone amps
that reveal not only the colors of your
music but also your taste in color.

By Mark Anderson, Steven Cherry,
David Schneider & Harry Teasley
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You've probably thought all along that
throwing darts was a better way to
pick stocks than investing in technol-
ogy companies. Here’s the proof.

By Mark Anderson
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Fail Faster.
Succeed Sooner.

Prototype Your Ideas Faster with NI Graphical System Design.

Through the large number of prototypes he created to get the first working e

light bulb, Thomas Edison taught engineers and scientists that building a . i : NI LabVIEW
functional prototype is fundamental in bringing ideas to life. NI LabVIEW ) R ulll : NI CompactRIO
graphical programming tools and NI customizable off-the-shelf hardware 3 - 3
can transform an idea into a functional prototype in weeks, versus months,
and lower the risk of your next project.

PRODUCT PLATFORM

NI Single-Board RIO
NI C Series I/O Modules

>> Get to market faster with prototyping tools at ni.com/succeed 888 279 9833
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Introducing the Clean Tech 50

Check out the debut edition of the IEEE
Spectrum Clean Tech 50. Our partners at

1790 Analytics have rated the world’s patent

portfolios according to which companies

have the most valuable patents in batteries,
clean coal, fuel cells, and five other
categories. To see where your company
ranks, dive deep into our interactive charts,
created by the Dutch firm Information
Design Studio, and discuss the rankings in
our new commenting system.

TUBULAR ACTION!

WATCH ANANOTUBE UNZIP in the
animation accompanying this month’s story
on graphene, the recently discovered flat,
atom-thick form of an element that scientists
thought they fully understood: carbon.

3 Konarka
Technologles Inc.
(us)
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TECH INSIDER WEBINARS

Check out all webinars, including these below,
at http://spectrum.ieee.org/webinar

ONLINE WEBINARS
& RESOURCES

= 11 NOVEMBER:
Multiphysics Simulation
on Clusters
http://spectrum.ieee.

org/webinar/1705619

= 18 NOVEMBER:

Build a Better Prototype
for Your Next

Medical Project
http://spectrum.ieee.

org/webinar/1711715

m Smarter Electronics
Industry Virtual Briefing
Center From IBM
http://spectrum.ieee.

org/webinar/1703379

m Electricity Demand
and Price Forecasting
with MATLAB

http://spectrum.ieee.
org/webinar/1705522

m Engage Students Using
Interactive Modeling

and Simulation Tools
Sponsored by MathWorks
http://spectrum.ieee.
org/webinar/1686148

m Sponsored white paper:
Requirements Engineering
for the Automotive Industry
Sponsored by IBM
http://spectrum.ieee.
org/whitepapers

m Check out the design
resource library by

Texas Instruments:
http://spectrum.ieee.org/
static/ti-resource-library
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MEMBER PROFILE:
ASTRONAUT

RICK MASTRACCHIO
IEEE Member and NASA
astronaut Rick Mastracchio
recently flew into space on
board the space shuttle
Discovery, in one of NASA’s
last scheduled shuttle
missions. Read about the
work he did for the mission
to the International Space

Station, his career, and his
future space travel plans.

FROM BOOTSTRAPS
TO BILLIONS

A recent five-part webinar
series shows entrepreneurs
how to use alternate
financing sources to grow
their companies. Topics
include how to find the
right financial resources
and how to make better
financial decisions.

CHANGING ELECTRICAL
SAFETY CULTURE
The Electrical Safety

Workshop, sponsored by the

|IEEE Industry Applications
Society, will explore ways to
prevent workplace injuries
and reduce risks from
electrical hazards. Learn
about some of the topics to
be covered at the workshop,

taking place 25 to 28 January

2011 in Toronto.
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back story

For the Love of Lightbulbs

NE OF the great delights of
living in New York City is
that if you are looking to buy
avery particular or obscure thing—
a pair of ox-bone chopsticks, say, or
a button for a World War IT bomber
jacket—you can almost always find a
shop that specializes in that kind of
thing. Italian sporting rifles, vintage
bathroom fixtures, animal skeletons,
Asian textiles, French spectacles—
Manhattan seems to have a shop for
every conceivable consumer craving.
Many of these shops have
proprietors who are as singular
as their wares. So last year, when
IEEE Spectrum intern Ariel Bleicher
[above] was asked to produce
aradio profile for a graduate
journalism course, she thought
of David Brooks. She had read
about Brooks in a newspaper
article covering a speech he’d
given to a New York state energy
panel. The panel was drafting
new policies to rid office buildings
of incandescent lightbulbs, and
Brooks had come to defend some
of the more indispensable varieties.
“Wonderful bulbs that enhance your
mood, make it easier to see, improve
your decor,” he rhapsodized. His

deep affection for those simple
glowing globes touched Bleicher
and piqued her curiosity. “He had
me at ‘I love lightbulbs,” ” she says.
Brooks owns a tiny shop on
East 60th Street called Just Bulbs,
which has been in his family for
three generations. It’s crammed to
the ceiling with exotic bulbs, funky
holiday lights, rare collector’s lamps,
and plain old 60-watt frosted whites.
Bleicher spent an afternoon with
Brooks, recording his interactions
with customers and listening to fond
descriptions of his favorite bulbs.
Months later, she mentioned

Brooks at a staff meeting, when we
were casting about for creative ways
to cover the scheduled demise in
many developed countries of the
incandescent bulb, one of the most
successful technologies ever. So on
a bright morning this past August,
she paid another visit to Just Bulbs,
this time with Spectrum photo editor
Randi Silberman Klett. The two of
them collaborated on a photo feature,
“Bright Lights, Big City,” which
appears in this issue. “By the end

of the shoot, we just couldn’t help
ourselves—we’d both fallen in love
with the lightbulb,” Bleicher says. 0O

CITING ARTICLES IN I[EEE SPECTRUM

IEEE Spectrum publishes two editions. In the international edition, the abbreviation INT appears at the
foot of each page. The North American edition is identified with the letters NA. Both have the same
editorial content, but because of differences in advertising, page numbers may differ. In citations, you
should include the issue designation. For example, the first page of Update is in IEEE Spectrum, Vol. 47,
no. 11 (INT), November 2010, p. 11, or in IEEE Spectrum, Vol. 47, no. 11 (NA), November 2010, p. 13.
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contributors

SALAH M. BEDAIR, JOHN

M. ZAVADA, and NADIA
EL-MASRY are professors at
North Carolina State University, in
Raleigh. In “A Spin to Remember”
[p. 42], they explain how the

weird world of semiconductors
collides with the weirder worlds
of quantum mechanics and
ferromagnetism to forge the
weirdest world of all: spintronics,
which relies on electron spin for
data storage and manipulation.
Though Bedair found writing about
spintronics daunting—“I even had
a nightmare one night!”—he hopes
reading about it will be enjoyable.

E.J. CARR avoided
learning anything
about algal biofuels
before shooting the
photography for
“Green Gold” [p. 30] so that he
could approach the subject with
fresh eyes. Even more fascinating
than the energy-packed vats of
pond scum, he discovered, were
the scientists who cultivated it.
“They were the coolest geeks I've
ever met,” he says. Well known as
a fashion photographer, Carr is
now finishing a pet project to
photographically depict King
Arthur’s courtiers. He was
inspired, he says, by the mythic
roots of Ireland, where he lived for
three years before recently
moving to Denver.

ROBERT W.
LUCKY can find
stochastic wonder in
information theory, a
J computer’s LEDs, or
as in this month’s Reflections [p. 17],
the swans he periodically sees

from his backyard. Lucky, an IEEE
Fellow and holder of 11 patents,
worked for many years at Bell Labs
before becoming vice president for
applied research at Telcordia
Technologies, in Piscataway, N.J.
He retired in 2002, to better reflect
on life—and wildlife.
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RICHARD MIA, of
Toronto, translates
broad concepts into
visual metaphors.
Take, for instance, the
stimulus plan. Mia’s vision of a
bedridden world globe about to be
defibrillated became an illustration
for Business Week. His collages start
as scanned drawings, inspired by
traditional silk-screening and his
200-piece stamp collection. For
“Black Swan” [Reflections, p. 17], he
tackled the idea that “it’s unwise to
think certain things are improbable,
because they just might happen.”

PHILIP T. PIENKOS, ERIC
JARVIS, and AL DARZINS, all
veterans of biotechnology start-ups,
are now molecular biologists at

the National Renewable Energy
Laboratory, in Golden, Colo. In
“Green Gold” [p. 30], they assess the
potential of algae-based biofuels.
The authors would like “to see algae
biorefining follow the meat packers’
principle, where everything is used
except for the oink.” Every molecule
in an algal cell could be made into
useful products, including nutri-
tional supplements, animal feed, and
fertilizers. Says Darzins, “The final
chapter hasn’t been written for algae.”

ALEXANDER SINITSKIl and
JAMES M. TOUR, who wrote
“Graphene Electronics, Unzipped”
[p. 24], specialize in the science
of the exceedingly small at Rice
University, in Houston. Their
main interests are the microstruc-
tures—nanotubes, sheets, and
cages—that carbon atoms tend to
form. Tour trained as a synthetic
organic chemist, but his work in
electronics has led to an extraordi-
nary range of appointments: He’s
a professor of chemistry, computer
science, mechanical engineering,
and materials science, as well as
the founder of several companies.
Sinitskii, a postdoctoral researcher,
earned his doctorate in materials
science at Moscow State University.
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The Winners Write the History Books

OME OF THE WORLD’S greatest
S fortunes were built on the back of
technology. Legions of millionaires,
and the occasional billionaire, owe their
all to Oracle, Apple, Intel, Google, or
Microsoft. Yet you should no more judge
success in tech investing by Microsoft
than you’d use Mick Jagger as the gauge
of a successful career as a rock musician.
Microsoft is a survivor—
indeed a major winner of the
technology wars—as are Apple,
Intel, Oracle, Google, and so it
seems, Facebook. To fairly judge
technology as a whole you'd
have to give equal consideration
to Kaypro, Wang Laboratories,
Fairchild Semiconductor, Digital
Equipment Corp., AltaVista, and
all the other mighty fallen.

Or you could delve into
the statistics, as we do in this
month’s The Data. It turns out
that US $100 spread among the
118 tech stocks listed by Standard
& Poor’s in 2002 would now be worth
$138, a return that barely edges out inflation.
If that money had gone instead into
S&P’s first 118 nontech stocks as listed in
alphabetical order, you'd have a 25 percent
better return. And remember, this eight-
year period comes after the bursting of
the dot-com bubble, so it measures the
tech sector not from a prior high but from
a prior low. It therefore ought to show
technology to its best advantage.

Why do tech stocks stink? Technology
is, after all, one of the things that
separates developed countries from
less developed ones. And technology
cultures and establishments that are
robust, creative, and highly advanced are
what distinguish the highly productive
economies—those of the United States,
Japan, Germany, and China. In a world
of uncertainty and disappointment,
semiconductor performance, with its
regular doubling, is the one thing that
can be counted on to improve without fail.

SPECTRUM.IEEE.ORG

However, as any economist will tell
you with gimlet-eyed glee, the market
value of a thing reflects not its intrinsic
worth but relative scarcity. Just because
you’re in a business that provides
goods that double in performance every
18 months doesn’t mean that their price
will rise, that your profit margin will
hold steady, and that your job won’t

and I reported on every search engine
we could find. Although it was clear
that most of them would go to the wall,
it seemed equally clear that at least
one—I favored AltaVista—would rule
the Web. Wrong. Two months after the
article came out, Larry Page and Sergey
Brin began working on Google—and
that’s the company that ended up ruling
the Web. For now, anyway.
The moral is that the
winners write the history
books. Or, to be precise, we
humans are prone to an
error in thinking known

as survivorship bias—the

Y/ T VAV AR 5
7 A i R

SARA .
- % tendency to take the readily
available evidence of the past as

a fair mirror of that past.

disappear. Just because your invention
has sparked a revolution—the kind that
produces qualitative changes in the
way people live—doesn’t mean that it
will make you a nickel.

Did the world owe a living to the
inventor of the graphical user interface
(and I don’t mean Steve Wozniak)? To
the company that first commercialized
computers (and I don’t mean IBM)? How
about the inventor of the telephone (and I
don’t mean Alexander Graham Bell)? To
those of you keeping tally, the people and
organizations I am referring to are Xerox
PARC, the Eckert-Mauchly Computer
Corp., and for the possible inventors
of the telephone, well, there’s Johann
Philipp Reis, Antonio Meucci, Elisha
Gray—indeed, a very long list of names.

Fifteen years ago, in a previous life
as a business reporter, I cowrote a story
predicting that search engines would
be among the first to make big money
on the newborn Web. My coauthor

Survivorship bias lives
on, fooling generations of
investors. In a landmark study
years ago, economists found
that more than half of all
mutual funds had beaten the
market—a seemingly impossible feat,
given that such funds make up such a
huge share of the market. The reason is
that a fund generally can make it into
the record books only after it’s been
around for a while, and the only funds
that last long enough are those that do
well from the get-go—likely through
sheer luck. The losers’ results aren’t
fully counted. Other economists have
speculated that stocks are not quite so
good an investment over the long haul
as they’re cracked up to be, given that
all the really long-term data come from
the New York and London exchanges,
which were lucky enough to be based
in the two best-performing countries of
the past two centuries.

In a world seen through the
forgiving lens of survivorship bias,
most mutual funds and tech stocks may
be above average. But in the real world,
past performance is no guarantee of

future results. —PuILIP E. Ross
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TURBINE STATOR BLADE. A stator blade in the turbine stage of a jet
engine is heated by the combustion gases.To prevent the stator from
melting, air is passed through a cooling duct in the blade.The resulting
temperature gradients introduce significant stresses.
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Capture the Concept.

COMSOL Multiphysics gives you the power to capture
the concept—that is to analyze all physically relevant as-
pects of your design—and to do so quickly and efficiently.
Its unique combination of an easy-to-use interface and a
flexible simulation engine allows every level of engineer
to simulate just how their design will operate in reality.
This approach delivers tangible results that save precious

development time and spark innovation.
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Can brain scans show whether
people are telling the truth?

MARK HARRIS

SCANNING
FOR LIES
M ARK HARRIS’S
article on fMRI
scans and lying [“Liar!,”
August] was quite
interesting; however,
the technique seems
impractical for use as a
legal tool. Some years
ago, a government
agency approached a
local university to study
the feasibility of using
brain-photon analysis
to detect the mood
of airline passengers
during routine security
screenings. The theory
was that a person intent
on committing a crime
would be in an agitated
and categorically unique
state of mind compared
to that of innocent (yet
annoyed) passengers.
The idea was interesting,
but not practical. A more
appropriate technology
for the detection of lying
might be voice stress
analysis. According to
Wikipedia, although
voice stress analysis
was discovered in 1957,

NOVEMBER 2010

the technique remains
controversial, presum-
ably because it remains
relatively unexplored.

ROBERT SCHROEDER
IEEE Member
Ewing, N.J.

TALES FROM
THE BOX
ENJOYED the thoughts
about in-flight data
recorders [“Beyond the
Black Box,” August],
but the statement
that “all you need
to do is secure the
communications
between onboard and
ground-based systems
and to protect the
saved data from prying
eyes” strikes me as
naive. Encryption,
when properly used,
can improve security
and privacy, but it is
notoriously difficult
to get right in practice.
The article cites the
Health Insurance
Portability and
Accountability Act
as an exemplar for
protecting privacy,

but articles in
the Journal of the
American Medical
Association show
that HIPAA
paradoxically
hinders the
ability to both
gather data and
protect privacy.
Encryption is
not pixie dust.
It has system-
level complexity
as vexing as
that of safety
engineering.
KEvVIN FU
IEEE Member

Amberst, Mass.

THE SPEED
OF LIGHT
ONCERNING
“Traveling Light”
[The Big Picture,
September]: To give
the Solar Impulse
HB-SIA’s cruising
speed as 70 kilometers
per hour without
proper context is
rather misleading and
vague, for the speed
of a flying vehicle may
be measured relative
to a number of other
entities, such as the
ground or the velocity
of the surrounding air.
“Kilometers per hour”
gives the impression
that the plane can
reach this speed
relative to that of motor
vehicles on roads.

REUBEN KOUTAL
IEEE Senior Member
Tel Aviv

Assistant Editor

Willie D. Jones responds:
In describing the
HB-SIA’s performance
characteristics on the

Solar Impulse Web site,
the plane’s designers
indicate that its fakeoff’
speed is 35 km/h—
obviously in relation to
the ground. The number
they give for average
flying speed, 70 km/h,
also describes how fast
the plane moves in
relation to the ground.
They’re careful to list
this figure as an average,
because the strength and
direction of the wind
will determine how long
it takes to fly from point
A to point B.

ADVANCING
TECHNOLOGY
FOR HUMANITY
T HANK YOU for
your September
issue. With “Technical
Sweetness Isn’t Enough”
[Spectral Lines], “This
Is Your Brain on Robots”
[sidebar from “When
My Avatar Went to
Work”], and “After
Utopia,” IEEE Spectrum
is asking important,
hard questions about
how our technologies
are changing society,
as well as reporting on
advances in the state
of the art. We in IEEE
have demonstrated our
power to invent world-
changing technologies,
but we are quicker to
ask “can we?” than
“should we?” The latter
question is far more
important if we want
our technology to
really benefit humanity.
Thanks for raising the
questions that can start
this valuable dialogue.
W. BEN TOWNE

Graduate Student Member
Pittsburgh
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EUV’s Underdog Light
Source Will Have Its Day

A new plasma source may outshine contenders
for the next chip lithography technigue

XTREME ULTRAVIOLET
lithography, the key process

in making the finely featured

chips of the coming decade, has
had a long list of detractors, but
its time seems to be at hand. The
proof? ASML Holding, the Dutch
company that makes most of the
world’s chip lithography tools,
has sold six of its monstrous
EUVL machines to six separate
customers, including foundry

SPECTRUM.IEEE.ORG
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behemoth Taiwan Semiconductor
Manufacturing Co. These
chipmakers will use ASML’s
NXE3100 to print the tiniest
features of the most critical layers
on their future chips.

The biggest roadblock for
EUV over the past 10 years has
been the light source, which
has been nearly impossible
to make sufficiently intense.

Two competing technologies

have faced off for years to be

the preferred option for EUV
customers. One will be in the
first machines and is the current
favorite for commercialization.
But if some experts are

correct, the other technology
could win in the long run.

The two candidates—laser-
produced plasma (LPP) and
discharge-produced plasma
(DPP)—each emit the needed
light at a wavelength of
13.5 nanometers. LPP sources,
the leading technology at this
point, are being developed by
San Diego-based Cymer and
Japan-based Gigaphoton. DPP
is being advanced by Xtreme
Technologies, based in Aachen,
Germany, a former subsidiary

NOVEMBER 2010 -
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EUV ENDGAME:
ASML's NXE3100
weighs in at

50 metric tons,
contains more
than a million
parts, and will
set you back a
cool €60 million.
Itis setto

start printing
chips soon.

PHOTO: ASML HOLDING
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update

of Philips that is now owned by
Tokyo-based lighting giant Ushio.
ASML says that most of the NXE3100
units will contain Cymer’s source.

LPP sources blast falling tin drops
with a high-power laser. When the
laser-excited tin electrons return to
their normal orbit, they emit EUV
photons, which are harvested and
funneled into a stream that eventually
ends up casting the chip pattern
onto a wafer. Xtreme’s DPP light
source is different. Instead of falling
tin droplets, it blasts a lightning
bolt’s worth of current through a tin
vapor to form the 13.5-nm photons.

By numbers alone, LPP appears
to vastly outperform DPP. The
eventual power goal for EUV volume
production is 250 watts. (The brighter
the light, the less time the wafer
needs to be exposed to it.) In April,
Gigaphoton reported that its LPP
prototype met a major benchmark,
producing 104 W. Contrast that
with Xtreme’s DPP technology,
which produces only 34 W.

Soit’s a bit surprising that ASML
has also expressed faith in that
seemingly inferior technology. “There
is a chance that one of the 3100s will
be fitted with a DPP source,” an ASML
spokesperson told IEEE Spectrum.
And ASML’s Noreen Harned says
future EUV machines will be “source
agnostic.” These NXE3300 machines,
due to ship in 2012, will allow
customers to plug in either LPP or DPP.

The two LPP firms and Xtreme

“all have credible plans,” says Harned,
who is ASML’s vice president of
technology marketing. Though she
acknowledges that Xtreme’s source
is not yet ready for ASML’s scanner,
she still insists that her company
expects that it will be. ASML knows
what Xtreme is doing to boost its
machine’s output, Harned says.

“We think it’s going to catch up.”

Chaohai Zhang, a professor of
electrical engineering at Harbin
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DISCHARGE-PRODUCED PLASMA

Tworotating
disc-shaped electrodes,
about 20 centimeters
in diameter, dip lightly
into a molten tin bath so
that only their edges are
lacquered with the metal.

Electrode

Apulsed low-power

laser shoots at the
wheel edge, vaporizing
the tinand forming a con-
ductive tin cloud between
the two electrodes.

Capacitors " A few nanoseconds
charged Capacitor bank of pinching heats
to 5000 volts I I the cloud to 200 000 °C,
discharge causing it to emit photons

20 000 amperes

of current into the tin cloud over the course of a few

of 13.5-nanometer
wavelength.

nanoseconds. The massive current induces magnetic forces that
cause the tin cloud to collapse, or pinch, in oniitself, boosting the
cloud's resistance. It’s all in the timing. “The trick is having that
resistivity at the very moment that the maximum current flows

through,” says Xtreme president Marc Corthout.

Institute of Technology, in China,
who studies DPP sources, thinks
it will more than catch up. He says
DPP may surpass LPP in the long
run for four reasons: It uses power
more efficiently, is smaller, keeps the
lithography optics cleaner, and should
last longer. LPP requires wall-plug
power an order of magnitude higher
than DPP to produce the same number
of photons, says Marc Corthout,
president of Xtreme. The DPP
architecture also takes up less space,
which is at a premium inside the EUV
tool. Finally, Xtreme mitigates EUV’s
well-known contamination problems
with a trap that prevents tin droplets
from spattering the collector mirror
and thereby dimming the EUV light.
Corthout says less contamination
contributes to DPP’s greater longevity.
And there’s one more thing,

according to Corthout: The reported
source power numbers that make
DPP look so unappealing may be
misleading. Industry insiders
acknowledge that there is no standard
for reporting the power of these
systems. Gigaphoton’s 104 W, for
example, was delivered in very short
blasts. While Xtreme’s DPP power
may appear low, it is continuous.
Corthout maintains that a
lithography tool will be more effective
with a continuous beam of light. Cymer
disputes that claim, but there are no
concrete data yet to prove it either way.
Before the end of 2010, one of ASML’s
six customers will have created wafers
with the NXE3100, Harned says. Xtreme
won’t be the one providing the light
source, but if Corthout and Zhang
are right, eventually DPP will prevail.
—SALLY ADEE
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85 PERCEN

Population of South Korea covered by what the country
considers the world’s first nationwide WiM

The Era of Error-Tolerant Computing

Errors will abound in future processors...and that’s okay

HE COMPUTER’S
perfectionist streak
is coming to an

end. Experts say power
consumption concerns are
driving computing toward
a design philosophy in

which errors are either
allowed to happen and
ignored, or corrected
only where necessary.

Probabilistic outcomes will
replace the deterministic
form of data processing that
has prevailed for the last
half century.

Naresh Shanbhag, a
professor in the department
of electrical and computer
engineering at the University of
Illinois at Urbana-Champaign,
refers to error-resilient computing
(also called probabilistic
computing) by the more formal name
of stochastic processing. Whatever the
name, the approach, Shanbhag says,
is not to automatically circle back and
correct errors once they are identified,
because that consumes power.

“If the application is such that small
errors can be tolerated, we let them
happen,” he says. “Depending on the
application, we keep error rates under a
threshold, using algorithmic or circuit
techniques.” For many applications
such as graphics processing or drawing
inferences from huge amounts of
data, errors in reasonable numbers
do not materially impact the quality
of the results. After all, your eye
wouldn’t even notice the presence of
a single bad pixel in most images.

The newfound attitude toward
errors is, in a way, simply a pragmatic
nod to a new reality. As transistor
dimensions shrink, the minute
variations in circuit patterns and in the
composition of the silicon itself have
a more noticeable effect. In particular,
the number of dopant molecules in a

HD018 3943
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transistor—key to its ability to conduct
current—is now so small that a few
more or a few less make a measurable
difference. And the natural roughness
of transistor structures is now big
enough, compared to the size of the
transistors, to impede their function.
According to Kevin Nowka, faculty
research program manager of the
IBM Austin Center for Advanced
Studies, designers of future chips will
even have to contend with variations
in such seemingly uncontrollable
characteristics as the size of metal
grains in the transistors’ gates.

The result of all this variability is
that the threshold voltage—the voltage
at which the transistor switches
from on to off—varies from device to
device. And at the low voltages and
high clock frequencies needed in
today’s low-power processors, that
kind of variability means mistakes.

Several demonstration processors
are in the works. Shanbhag’s team
is applying stochastic processing to

NOVEMBER 2010 -

a wireless receiver. They’ve
created an algorithm and
stochastic circuitry to
implement a filter that
consumes far less power than
conventional filters and does
so at similar error levels.

A team at Urbana-
Champaign led by assistant
professor Rakesh Kumar and
a group at Stanford headed by
assistant professor Subhasish
Mitra are developing
error-resilient processor
architectures. Kumar
says his project, called the
Variation-Aware Stochastic
Computing Organization
(VASCO), manages errors
through architectural and
design techniques. In VASCO,
the processor consists of
one highly reliable core, in
which errors are corrected.
And that core supervises a number
of lower-power and more error-
prone cores, which do the bulk of the
computation. Overall, the scheme
reduces power consumption by
allowing “relaxed correctness,” he says.

Jan Rabaey, a researcher at the
multiuniversity Gigascale Systems
Research Center, based at the University
of California, Berkeley, says error-
resilient computers are perhaps 6 to
10 years away from being commonplace.
But as variability worsens and power
consumption continues to dominate the
industry’s concerns, Rabaey predicts
that error-resilient systems will make
steady inroads, ranging from exascale
supercomputers down to smartphones.

Probabilistic computing is
“unavoidable,” Rabaey says. “We have
to take a holistic look at how to handle
errors, particularly as we scale chip
dimensions down to levels where
variability takes over.” It is the only way
he knows of to keep Moore’s Law going,

he says. —DAVID LAMMERS
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Ford Executes Perfect Turns

Automaker’s technology keeps cars from crashing on curves

UTOMOTIVE engineers
have saved countless
lives by making up

for drivers’ slow reflexes and
wandering minds with such
systems as antilock braking,
electronic stability control,
and adaptive cruise control.
This December, when the 2011
Ford Explorer gets pride of
place in dealer showrooms,
engineers will go even further.
This sport utility
vehicle boasts new
technology aimed at yet
another common driver
failing: taking curves too
quickly. The revamped
Explorer will feature Ford’s
proprietary Curve Control
technology, which senses
when a vehicle is going
too fast to turn safely and
temporarily takes control of
the throttle and the brakes.
According to the U.S.

14 INT - IEEE SPECTRUM -

National Highway Traffic
Safety Administration,
there are roughly 50 000
accidents in the United
States each year that are

the direct result of drivers
losing control on curves. In
2009, such crashes killed
more than 17 000 people.

The new technology

combined with Ford’s
existing stability controls
“provides a significant
advantage over existing
stability systems,” says
Saied Taheri, an expert in
intelligent transportation
at Virginia Tech, in
Blacksburg, who did not
work on the technology’s
development. Such systems
are changing the nature of
driving, says Taheri. “We’re
headed toward autonomous
driving, and each of these
systems—Curve Control,

NOVEMBER 2010

adaptive cruise control—
is a step toward that.”
Curve Control is a new
wrinkle applied to Ford’s
existing AdvanceTrac
System with Roll Stability
Control, which the
automaker developed a
decade ago in response to
a series of rollovers that
occurred with Explorers
outfitted with incompatible
tires. AdvanceTrac uses
accelerometers and
gyroscopes to keep careful
track of the vehicle’s
response to changes in
momentum that would
cause it to roll onto its side.
These sensors—plus those
that monitor the steering
wheel angle, the speed of
each wheel, and the engine
torque—offer updates
100 times per second on the
vehicle’s performance to a
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SLOW DOWN: Ford’s answer
to dangerous driving is to

take control of the brakes.
PHOTO: CLAUDIA DEWALD/ISTOCKPHOTO

system that brakes or spins
each wheel independently
to keep the car from
skidding or rolling.
According to Dan Eisele,
head of the Ford engineering
team that developed Curve
Control, the new system
uses AdvanceTrac’s sensors
to determine whether the
rate at which the vehicle is
moving laterally is in sync
with the driver’s intent.
Eisele explains that the rate
of movement around the
vertical axis, or yaw rate, for
a vehicle entering a highway
exit ramp with a 30-meter
turning radius should be
somewhere between 27 and
30 degrees per second. But
a driver, having decelerated
from over 110 kilometers per
hour and feeling confident
that he can guide the
vehicle through the curve
at, say, 70 km/h, can turn
the steering wheel as far as
it will go and still fail to get
the yaw rate beyond about
20 degrees. The result: The
vehicle ends up as many as
three lane widths away from
the driver’s intended course.
Curve Control closes the
gap between the driver’s
intent and the car’s motion
by cutting power to the
engine and, as a last resort,
applying the brakes to
decelerate the vehicle by
as much as 4.4 meters per
second (16 km/h) per second.
Ford says it plans to make
Curve Control a standard
feature on nearly all of its
SUVs, light trucks, and vans

by 2015. —WILLIE D. JONES
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Amount of carbon dioxide that will be emitted
by data centers in the United States in 2020.
According to researchers at Rice University, in Houston, data-center CO; emissions will triple from today’s level.
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tech in sight
Space
Sailing

If the seven seas

don’t satisfy, aim a
little higher

OHN F. KENNEDY called

space “this new ocean.”

This year, we’re finally
starting to sail on it. In
May, Japan’s space agency
launched a craft that steals
momentum from energetic
photons blowing off the sun
for a free ride through the
solar system. The concept
isn’t exactly new. Back in
1974, NASA’s Mariner 10
spacecraft used the light
hitting its solar arrays to
adjust its angle on the way
to Mercury.

Given Japan’s success,
sailing prospects seem
better than ever. NASA
plans to launch a sail
this year, and in 2011, the
Planetary Society expects its
own craft will be ready to fly.
By the 2030s, the European
company Thales Alenia
Space hopes to launch “data
clippers”—essentially sailing
hard drives that could
shuttle data between probes
exploring Saturn’s and
Jupiter’s moons and Earth.

Les Johnson, now
NASA’s deputy manager
for the Advanced Concepts
Office, helped develop solar
sails for the agency in the
early 2000s. Besides their
rather practical applications,
as probes monitoring
Earth’s poles or as part

SPECTRUM.IEEE.ORG

of a solar storm warning
system, Johnson says a craft
could sail to the nearest
neighboring star system in
less than 1000 years—a feat
he estimates would take
75 000 years using chemical
propulsion. Of course, for
that you’d need a sail the
size of Alabama deployed
from a probe that’s closer
to the sun than Mercury.
—JOoSEPH CALAMIA

>

VNananvi"l )

NANOSAIL-D
(United States)

NASA hopes to deploy NanoSail-D this
year some 600 kilometers above Earth’s
surface. While that’s not high enough for

the photons’ boost to overcome the drag
of Earth’s atmosphere, the flight will
allow the agency to test the unfolding—
injust 5 seconds—of almost 10 square
meters of polymer no thicker than
single-ply tissue paper. As it falls out of
orbit, the sail will also provide a useful
demonstration of how such materials
could drag space junk to a fiery demise.

IKAROS

(Japan)

Already cruising, IKAROS (Interplanetary
Kite-craft Accelerated by Radiation

Of the Sun) is technically a solar-
powered sail. The craft’s almost
200-square-meter polyimide reflector,
only 0.0075 millimeter thick, has solar
panel patches to exploit light for both
propulsion and power and LCD panels
that steer the craft by changing the
reflectivity of certain segments.

ELECTRIC SAIL
(Europe)

Solar wind, made up of sun-spewed
charged particles, might also prove
auseful means to sail. Pekka Janhunen,
aresearch fellow at the Finnish
Meteorological Institute, has plans for
what’s called an electric sail. The craft
would charge 50 to 100 tethers, each

NOVEMBER 2010 -

Electric sail

20 to 30 kilometers long. The resulting
electric field would reflect protons in

the solar wind to propel the proposed
100-kilogram craft. Five European

Union countries are discussing a 3-year
project to build laboratory prototypes of
craft components.

IKAROS

LIGHTSAIL-1
(The Planetary Society)

The launch malfunction that doomed
its first solar sail, Cosmos-1,in 2005

has not discouraged the Planetary
Society. The space advocacy group,
based in Pasadena, Calif., expects that
its LightSail-1 will be ready for launch

in 2011. Three cube-shaped satellites, or

“cubesats,” each 10 centimeters to a side,

will hold the 32-square-meter Mylar sail
and the craft’s electronics and controls.
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Talking to
Trapped
Miners

Rescue workers
are only now
getting the tools to
communicate with
coal miners

N 5 August, the
collapse at a
Chilean gold and

copper mine left 33 miners
trapped in a chamber

nearly 700 meters below

the surface. When this

issue went to press in mid-
October, they were finally
nearing freedom. As bad as
that situation was, it could
have been much worse: They
could have been mining coal.

The Chilean miners
were able to talk to their
families by phone, and
video images of the men
have been broadcast around
the world. But if they’d
been in a coal mine, their
television debut would
likely have been impossible.
The slightest spark from
electronic equipment
can ignite methane gas
and coal dust, touching
off a deadly explosion.

In the aftermath of a
lightning-induced explosion
at a West Virginia coal mine
in January 2006, everything
went wrong for the 13 miners
trapped inside. With no
way to communicate, it
took rescuers nearly two
days to find them. By then,
all but one had died.

16 INT - IEEE SPECTRUM -

By June 2006, the Mine
Improvement and New
Emergency Response
(MINER) Act became law in
the United States. Under the
act, the National Institute
for Occupational Safety
and Health (NIOSH) was
given just three years to
commercialize wireless
two-way communication
and electronic tracking
systems for coal miners.

According to David
P. Snyder, senior mine
electrical engineer at NIOSH,
the agency focused its efforts
on getting the systems to be,
in mining industry parlance,

“permissible.” A component
is permissible when the
Labor Department certifies
that its circuits are incapable
of releasing enough energy—
during normal operation
or if they’re damaged in
an accident—to trigger
an explosion by igniting
methane gas or coal dust. It
doesn’t take much to spark
an explosion. “A methane-air
mixture requires less than
a half millijoule of energy
to ignite,” says Snyder.

Nevertheless, systems
will be available soon
that meet the need. Pillar
Innovations of Grantsville,
Md., for one, has developed a
rugged leaky-feeder system.
It consists of a coaxial
cable with openings in the
shielding along its length,
which allow it to give off
and pick up signals. The
cable loops down into the
mine and back to the surface.
And unlike standard leaky
feeders, it is powered from
both ends, and the signals
it transmits run in both

NOVEMBER 2010
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DEEP DOWN: Sometimes coal miners can’t call for help.

PHOTO: TYLER STABLEFORD/GETTY IMAGES

directions. So even if the
cable is severed in a collapse,
signals from miners’ radios
can still reach the surface.

L-3 Communications, in
Chantilly, Va., and Innovative
Wireless Technologies, in
Forest, Va., have together
commercialized a wireless
mesh communication
network they call Accolade.
The system operates at
900 megahertz, which
is within a range of
frequencies that offer the
best propagation down
the twists and turns of
a coal mine tunnel.

But at best, conventional
radio signals only propagate
perhaps 300 to 600 meters
down a coal mine tunnel,
says Snyder. If all the
infrastructure within a
thousand meters or so is
destroyed by a catastrophic
event, “you would be out
of business.” So NIOSH
also contracted for some
unconventional alternatives:
transmitting through the
earth and a technology
called parasitic coupling.

Research has shown that
it is possible to transmit
signals through solid
rock at frequencies below
10 kilohertz, but those
studies were conducted
with high-powered military
transmitters. “We’re now

Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

talking about doing the
same thing on a watt or two
of power,” Snyder says.

NIOSH has contracts
for earth transmission
technology with five firms,
among them Lockheed
Martin. The company has a
product called MagneLink
that is up for approval.

The other alternative,
parasitic coupling, takes
advantage of the fact that
radio signals in the frequency
band between 300 kHz and
3 MHz propagate through
any metallic objects in a
mine, such as rails or pipes,
creating non-line-of-sight
communications links that
can stretch for kilometers.
One such system, developed
by Kutta Technologies, in
Phoenix, recently received
permissibility approval.

Considering the MINER
Act’s tight time frame, Snyder
is pleased with the results.

“We had to look at technology
that was available or on the
cusp of availability to have
any shot of meeting the
deadline,” he says. “Maybe
if we had 10 years, we would
have approached things
differently.” —WiLLIE D. JoNES

A more detailed version of
this story appeared online as
“Technology to Talk to Trapped
Miners” in September.

SPECTRUM.IEEE.ORG
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Black Swans

What if Gaussian engineering
is clear, simple, and wrong?

Y HOUSE is on a river, and I often see swans drifting
M by my backyard in their swanlike serenity. Over
the years every swan to come by has been white.
I have thus reached an inescapable statistical conclusion:
All swans are white.

I have watched that river through many storms, and
though it has washed high up my back lawn,
it has never reached my house. Given all
my observed data on water levels, I have
reached another conclusion: My house will
never be flooded.

A popular book by Nassim Nicholas
Taleb, The Black Swan: The Impact of the
Highly Improbable (Random House, 2007),
has me reassessing these conclusions, as
well as rethinking much of my experience
and education. Taleb assures me that black
swans do indeed exist; it’s just that T haven’t
seen them. How much data do I actually
have, and what is the probability of an event
that I have not yet seen?

Taleb calls an event a “black swan”
when it is rare, unexpected, and impactful.
He claims that life is dominated by such
events—the chance meeting one day of your
future spouse, the random acquaintance EES
that forges your career, the serendipitous , :
observation that leads to the next penicillin. {

Throughout his book Taleb rails against ,
the traditional way of teaching statistics f
and probability theory. You would be better
off, he says, taking a course on postcolonial
African dance. The problem, he says, is that statistics as
taught and practiced leads to an unwarranted belief in
mathematical certainty, in predictable behavior, and in a
world dominated by bell-shaped “normal” Gaussian curves.

It isn’t so, he says. Most of the world isn’t Gaussian. Instead
it’s mostly ruled by the dreaded power law, with its heavy tail
that presages regular occurrences of far-outlying events that are
almost impossible in a Gaussian regime. Much of the Internet
has this character: the popularity of Web sites, the frequency
with which a book is sold online, the traffic rates of individual
users. Such a distribution curve looks like a downhill ski run:
It starts with a precipice of heavy users, swooping sharply
downward into a long tail of rare instances that can’t be ignored.

It seems to me there is a great deal of truth and wisdom in
what Taleb says. We engineers do indeed relish the certainty of

SPECTRUM.IEEE.ORG

mathematics. We dote on our models; over time we forget the
assumptions that went into them. We cling to the central limit
theorem and its promise of normality. Flip a random coin a few
more times and the percentage of tails gets even closer to 50.
Many of our designs depend on this kind of near certainty.

Most of communication theory, for example, is based on
the “fiction” of additive white Gaussian noise. Look at received
signals over a long enough interval and the multidimensional
vector lies ever closer to the surface of a multidimensional
sphere. If the spheres around other possible signal vectors
don’t intersect, then the probability of error can be made
arbitrarily small. The math is beautiful and seductive.

Taleb, however, says that elegant mathematics appeals to
mechanistic minds that don’t want to deal with ambiguity,

and that to make it fit the real world you have to cheat
somewhere in your assumptions. Like maybe the world isn’t
filled with additive white Gaussian noise after all.

I suppose we're guilty as charged, but I'd like to offer a
mild defense. We do sort of know that the noise probably
won'’t fit our nice model, but nonetheless all that elegant
math does produce designs that are relatively robust against
disturbances. Outliers resulting in errors still do occur, of
course, but usually their effect is not catastrophic, as it can
be in the financial realm, which is Taleb’s béte noire. So I'm
thinking that all of those old courses with bell curves and
other Gaussian statistics weren’t so bad after all.

I’'m watching the river now, and here come the swans.
I'm still convinced I will never see a black swan, but I am
kind of worried about that flood thing. Qa
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the big
picture

BIRD’S-EYE
VIEW
Aresearcher from
India’s National
Aerospace
Laboratories, in
Bangalore, launches
amicro air vehicle
prototype. The
remotely operated
drone, which will soon
gointo commercial
production, is one of
several models, each
less than a meter
across, that will be
used for military
reconnaissance, as
well as search-and-
rescue support at
natural disaster
scenes. The plane,
which is designed to
avoid detection by
radar, can soar for
up to 40 minutes at
atime.

PHOTO: DIBYANGSHU
SARKAR/AFF/
GETTY IMAGES
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hands on
THE GIFT OF GADGETRY

These four DIY gifts are so much fun,
kids won't know they’re learning

HERE’S NO better
way to encourage
a kid’s inclination

toward electronics than
with a holiday gift. The

can safely and enjoyably
learn about the many things
electrons can do with a set

trick, of course, is finding just US $21 from Amazon,
something that’s fun as well cleverly avoids soldering;
as educational. its nicely mounted and

Catering to the younger
crowd—those who shouldn’t
yet wield a soldering iron,
for example—is perhaps
the most difficult. But they

labeled components can
be placed on a plastic
grid. Your budding EE
then hooks them together
by merely snappingin
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from Elenco Electronics. The
Snap Circuits Jr. 100-in-1 kit,

P ping o
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Arduino Inventor’s Kit
US $85; http://sparkfun.com

PHOTO: RANDI SILBERMAN KLETT

place wire jumpers or
rigid connector bars.

The Snap Circuits Jr. kit
is appropriate for children
in elementary school, but a
bright youngster will soon
exhaust its educational

potential. Fortunately, the
more advanced kits allow for
much more experimentation.
The Snap Circuits SC-500
Student Training Program,
for example, provides
three times the fun and
includes teacher and
student guides, along
with a sturdy carrying

Snap Circuits SC-500
List price: US $155; http:/
elenco.com/snapcircuits.html
PHOTO: RANDI SILBERMAN KLETT
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case. All this can be had for
about $140 from Amazon.

For a capable middle
or high school student, an
excellent gift would be
Matke: Electronics (Make,
2009), a remarkably
comprehensive handbook
for the novice electronic
hobbyist, available for
about $25. The author,
Charles Platt, shows a
good sense of humor and
stresses hands-on tinkering
over plodding book
learning as he painlessly
guides the reader.

The tutorial begins at a

DSO Nano

US $89; http://seeedstudio.com
PHOTO: RANDI SILBERMAN KLETT

operational amplifiers,
to name a few—it’s still

a great guide for teens
wanting to get their
hands dirty building real
electronic projects.

But I also have one larger
quibble. This guide includes
a very brief introduction to
a simple microcontroller,
the Picaxe. The author

low level—with acknowledges
alligator clips s that others, in
to attach wires Make: i & particular the
together—but Electronics =~ ever-popular
rapidly works — | Arduino, are far
its way up to more capable.
prototyping Yet, he chooses
circuits using not to cover the
breadboards and Arduino because
finally soldering it requires
components Make: Electronics “programming in
to perforated By Charles Platt: the C language.”
boards. I Make, 2009; 352 pp.; In truth, the
commend Platt list price: US $35; Arduino uses a
for the wealth ISBN: 978-0-5961-5374-8  yariant of C and
. PHOTO: RANDI SILBERMAN KLETT . .
of detail he is really quite

provides. Having
more description than
necessary in a reference like
this is far better than having
too little. He still manages to
cover quite a bit of territory,
including the basics of
most common electronic
components, both analog
and digital, along with DC,
stepper, and servo motors.
Although I have some
minor quibbles with the
book—it relegates wire
wrap to a sidebar, misses a
key trick when it describes
how to solder, and lacks
any discussion at all of

SPECTRUM.IEEE.ORG

user friendly.
To be sure, most of

the information needed
to program an Arduino
is available online. But
if you want to make the
process really painless for
a budding engineer, buy
him or her an Arduino
Inventor’s Kit, available
for $85 from Sparkfun
Electronics. It includes
an Arduino Duemilanove
board, along with a
prototyping breadboard
and the components
needed to work through
the dozen or so simple

exercises described in
the accompanying guide.

The guide is online at

the kit’s manufacturer’s
site, Oomlout, which also
provides video tutorials.

With all that support, it’s
hard to imagine a youngster

running into roadblocks.
For the next step in

your young engineer’s

education, you might
consider the DSO Nano, a
pocket oscilloscope from
Seeed Technology. This
featherweight digital ’scope

is cleverly built into a case
that was surely designed
for an MP3 player. At $89
and with just one input
channel, don’t expect it

to replace your trusty
Tektronix. But the Nano is
capable enough for simple
tasks—examining a serial
communication line or the
pulse-width modulated
signal sent to a servo motor,
for example. Years from
now, your engineer scion
will probably remember
the Nano as the most
unusual stocking stuffer
of his or her childhood.

—DAVID SCHNEIDER

Prices are those paid at press
time. Current prices may vary.

MOtormOUSE US $50; http://motormouse.us.com

As a die-hard track-pad user, | don’t own a mouse. But if |
did, it would be the Motormouse, from Avant Garde Gifts, in
Marco Island, Fla. It's easily the best-looking accessory ever
to grace my desk—a lipstick-red Porsche replica. And it's

the easiest to set up—pop two AAA batteries into the trunk,
plug a tiny receiver into your computer’s USB slot, and you're
good to go. As befits a Porsche, the cursor initially flew
across my 20-inch screen at Le Mans speeds, but a quick pit
stop at system preferences fixed that.

—Steven Cherry
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ULTIMATE
POCKETKNIFE
Quirky’s shape-
shifting Switch is the
world’s first modular
pocketknife

HE 2008 MOVIE
Get Smart featured
a Swiss Army

knife with a crossbow, a
flamethrower, and a dental
floss detonator, but the true
test of a pocketknife is its
versatility—the best knife is
one you can change from day
to day and from task to task.
That’s the idea behind
the Switch, from the crowd-
sourcing design house Quirky.
In February, a user suggested
that Quirky design a “mod-
ular pocketknife.” The self-

selling idea quickly jumped to
the top of the queue. Within
three weeks, Quirky’s New
York City-based design team
had a preliminary CAD mock-
up as well as a name and logo.

Unscrew the Switch
with a coin and install
whichever blades, tools, or
doodads you like. It comes
with three interior axles:
small (2 to 6 tools), medium

(4 to10), and large (up to 13).

The pen, scissors, Phillips-
head screwdriver, LED
flashlight, and 1-gigabyte

Switch
US $79 (includes carrying case)
http://quirky.com

PHOTOS: QUIRKY

USB memory stick make a
good combo for the office. But
a camping weekend might
call for the more traditional
knife, saw, pliers, and...come
on, that LED flashlight’s
going to get used sometime.
—MARK ANDERSON

software

A Music Studio
in the Cloud

When your studio is the
Internet, you're your own
recording engineer, but
Mantis offers a lot of help

For the music maker on your holiday
gift list—whether it's your mezzo-
soprano sister-in-law or that nephew
in a pop band—is there a better
gift than a few hours at a recording
studio? Yes, there is—unlimited time
at a recording studio. For US $50.
Indaba Music, a musical social
network company based in New
York City, has launched a Web-based
recording and mixing app called
Mantis; $50 buys a year’s access to a
growing library of loops, samples, and
effects—created by professional studio

musicians—and 5 gigabytes of storage

space (Platinum subscribers get 50 GB).
Every other week, on average,

a professional recording artist or

musical project presents a new

challenge to the community, says

Indaba Music CEO Dan Zaccagnino.

Mantis
US $50 Pro ($250 Platinum) per year;
http://indabamusic.com/mantis; Ages: 13+

IMAGE: INDABA MUSIC

Last year, world-renowned cellist
Yo-Yo Ma posted his track of the
traditional melody “Dona Nobis
Pacem” to Indaba’s boards, and
350 Indaba subscribers recorded

their own virtual duets. Ma selected
his two favorite collaborations, earning
the artists—a Colorado Springs
handbell choir and a Canadian heavy-
metal guitarist—studio time with Ma
himself to record a live duet. This

year rapper Snoop Dogg posted vocal
tracks for his single “That Tree,” which
occasioned remixes in wildly different
styles, including electronica, country
and western, and sea chantey.

The social networking of music
doesn’t stop there. Record a guitar
track on Mantis, add a dab of reverb
or distortion from its library of effects,
and a few clicks later you can post the
track to Indaba’s member boards for
its 500 000 subscribers around the
world who might want to mix in their
own instrumental or vocal tracks.

The nascent session then becomes
a kind of help-wanted ad for like-
minded session players. Maybe it's the
nugget of a power-pop gem that draws
another member’s Fountains of Wayne—
influenced rhythm section, or a toe-
tapping bluegrass number that'’s calling
out for an Alison Krauss—style fiddler to
bring it on home. —Mark Anderson
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AHEAD OF ITS
TIME: LENOVO

IDEAPAD Y560D

This laptop delivers

a 3-D portable game
experience, though not
much else

T’S ONLY been about five

years since HDTV was the

up-and-coming thing. Now
we’re being told that HD
isn’t quite enough; 3-D HD
is actually what we want.
And not just for television—
for computers as well.

Acer, Asus, Lenovo, and
Toshiba have all released 3-D
laptops recently,
and I took the
opportunity
to try out the
Lenovo Y560d.
My demo unit

provided you’re properly
centered in front of the screen.
I put the Ys60d through
its paces with the classic
game World of Warcraft, and
it worked very well—for the
game’s 3-D elements. Particles
in the air appeared to float out
from the screen, and it seemed
as if I could reach into the
game and pick up my avatar.
However, the 3-D capability
made the game’s 2-D elements
look significantly worse. For
one thing, the alternating of
scan lines made small text
nearly illegible. I found myself
raising and lowering the glasses
so that I could read the chat
window or the text to a quest I
was being offered.
The problem
isexacerbated
by the 1366-by-
768 resolution,
unforgivably low

was equipped for a1s-inch
with a quad- screen. On
core Intel Lenovo IdeaPad Y560d an1r-inch
i7-720QM US $1599; http://www.lenovo.com nethook
CPU, 4 giga- PHOTO: LENOVO with the same
bytes of RAM, resolution, the

a500-GB hard drive, a1-GB
ATI Radeon 5730 graphics
card (which drives the 15.6-
inch 1366-by-768 display),
and a pair of 3-D glasses. A
utility application preinstalled
on the Lenovo will search
for games that can take
advantage of the 3-D, or you
can register a game by hand.
The computer achieves the
3-D effect by linear polarization
of every other scan line of the
screen, dividing the image
into halves, each of which
passes through only one of
the two lenses. The brain
combines the two halves into
a single stereoscopic image.
The effect is convincing,

SPECTRUM.IEEE.ORG
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pixels are small and tight. But
on a larger notebook it’s as if
you're looking through a screen
door. A modern 15-inch laptop
can come with a resolution as
high as 1680 by 1050, a much
more pleasant experience. If this
is the price that must be paid

to enable 3-D, it’s a heavy one,
because it affects everything
you do with the computer.

With its full-time screen
resolution so low and the
imperfect 3-D experience,

I have a mixed recommendation
of the Ys60d. The average user
will likely be disappointed, but
gamers who want both 3-D and
the portability of a laptop may

not mind. —HARRY TEASLEY

Banzai Jelly V7
CMOY Amp

ussn
http://electricsumo.com
PHOTO: MICHAEL N. DAUGHERTY

Color My Audio World

If T-shirts can come in 11 colors,
why can’'t headphone amplifiers?

A great design is, ultimately, a perfect marriage

of function and form. Sadly, engineers sometimes
focus on the one at the expense of the other. And
when it comes to, say, an amplifier, who can blame
them? If it sounds great, the dials work, and there
are no rough edges, it's done, right? Not quite. The
Banzai Jelly V7 CMQOY amp comes in eight vibrant
colors, plus silver, white, and black. It remains only
for someone to build an amp and encase it in
paisley. (Should you, dear reader, be so inspired,
please send a photo.) —Steven Cherry
INT 23
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Graphene Electronics,

UNZIPPED

By unrolling tiny carbon tubes, you
can produce superthin sheets with truly
extraordinary electronic properties

By ALEXANDER SINITSKII & JAMES M. TOUR

NOVEMBER 2010 - IEEE SPECTRUM - INT 25
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AN ANY ELECTRONICS MATERIAL rival silicon—tunable,

current-carrying, self-insulating, easy to fabricate, as
common as sand on the beach? Even if another rival
came forward, could it ever overcome silicon’s 50O-year,
trillion-dollar head start in development?

Yet we do need an adjunct to sili-
con, because so much of the poten-
tial market for electronics has yet to be
opened. Electronics in paper, on walls,
and in clothing are today mere novel-
ties, simply because silicon can’t eas-
ily be painted on a surface, draped on a
flexible platform, or used to cover large
areas. What’s needed is something that
can do all that and still be churned out
cheaply and in bulk, processed easily,
and slipped deftly into the guts of the
next generations of electronics.

Allow us to suggest a candidate:
graphene, an atom-thick sheet of car-
bon linked in a hexagonal network,
like chicken wire. The material isn’t so
much a replacement for silicon as a com-
plement to it, serving many purposes
where silicon is inadequate and mixing
with silicon in the fabrication of cer-

TO UNZIP A NANOTUBE,

chemists apply a mixture of sulfuric
acid and potassium permanganate.
This reagent pries open some of
the carbon-carbon bonds, opening
a breach in the hexagonal cells.
Continued chemical reactions
proceed down the tube, opening

a pathway along the chicken-wire
structure, causing it to unfurl all
the way down its length, producing
a conductive ribbon that is
extraordinarily long and thin.

..;.I-;,‘-.-.L
: £ N
-
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tain devices. Graphene was discovered
in the 1970s but first properly appreci-
ated only in 2004, when Andre Geim
and Konstantin Novoselov, Russian-
born researchers at the University of
Manchester, in England, managed to
transfer it to a substrate and study its
unique attributes. That work has won
them the 2010 Nobel Prize in Physics.

OF COURSE, ANY NEW FORM OF PURE
carbon would be big news, but gra-
phene’s properties are remarkable.
As thin in one of its dimensions as
a material can get, it is nevertheless
impermeable to gas and is the strongest
two-dimensional material ever tested,
with a tensile strength 200 times as
great as that of steel. What’s more, it
conducts heat better than any metal.
Best of all—to readers of this magazine—

[“Zoomout™| Front Cover | Search'lssue | Next Page

are graphene’s unusual electrical char-
acteristics, especially its ability to carry
charge carriers at speeds dwarfing
those possible in silicon. That ability
could allow for superfast switching in
data processing.

Silicon has seen many a contender in
the past—for instance, germanium, the
material used for the very first transistor,
and gallium arsenide, which for all its
usefulness remains a mere niche material.
So why do we nurse such high hopes for
this rarefied form of carbon?

First, recall that carbon stands just
above silicon in the periodic table, and
hence shares many of silicon’s inher-
ent properties. Second, consider that
researchers around the world are rapidly
accumulating new knowledge of graph-
ene’s fantastic properties and getting
better by the month at manufacturing it

THIS SPREAD AND PREVIOUS: BRYAN CHRISTIE DESIGN
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in bulk. Finally, keep in mind that the
semiconductor manufacturing industry
is under increasing stress to keep pace
with Moore’s Law, and therefore more
likely to consider new materials.

So the question really isn’t “Why
graphene now?” but rather: “Why
didn’t the electronics industry start with
graphene in the first place?”

TO APPRECIATE THIS WONDERFUL
stuff, you have to put it in its context as
one of the handful of forms that pure
carbon can assume. There’s diamond,
a three-dimensional crystal. There are
the hollow cage molecules of fuller-
ene, which are nearly dimensionless
dots, and the related carbon nanotubes,
whose length is so much greater than
their width that they’re essentially one
dimensional. And then there’s boring
old graphite, made up of stacks of two-
dimensional graphene sheets, mined
or produced synthetically in the hun-
dreds of thousands of tons and used
in electrodes, lubricants, carbon-fiber-
reinforced plastics, and pencil lead. The
distinction between graphite and gra-
phene is somewhat arbitrary; current
thinking holds that more than 10 stacked
sheets of graphene qualifies as graphite,
and anything less is graphene.

Interestingly, graphite behaves dif-
ferently in one direction than it does in
another. The atoms in a given layer grip
one another with strong carbon-carbon
bonds, the same kind that give diamond
its hardness. These links are only about
0.14 nanometer long. However, the layers
are about 2.5 times farther apart, so the
attractive forces in those directions are
weaker. The layers can therefore easily
slide across one another; the friction of
a pencil passing across a sheet of paper
is enough to shear off graphene sheets.
We’ve been writing with graphene for
centuries without appreciating it.

A GRAPHENE FET,

or field-effect transistor, consists
of a single ribbon of graphene with
one side laid down on a positive

electrode, the other laid down on a
negative one. A third electrode, or
gate, can then modulate the flow
of electrons through the ribbon,
turning the device into a switch.

For decades, researchers thought
(with some theoretical basis) that gra-
phene could not exist in a freestanding
form but only as a component—stacked
into graphite, rolled into nanotubes, or
balled into fullerenes. As often hap-
pens, the theorists were proven wrong
by experimentalists.

Before that great discovery in 2004,
some researchers had actually cre-
ated graphene by laying hydrocarbons
down on metal surfaces through chemi-
cal vapor deposition (CVD). But nobody
paid much attention to these results,
because the researchers had never both-
ered to transfer the graphene films onto
insulating substrates, where the films
might have been probed electronically.

Astonishingly, in the 21st century,
when groundbreaking scientific discov-
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THE CARBON FAMILY

has a new member: graphene. It
comes on top of plain old graphite,

now understood as a layer cake of
graphene sheets; diamond, a cubic
crystal; nanotubes, which consist
of hexagonal cells shaped like a
straw; and fullerenes, in which five
cells are pentagons and the rest
are hexagons, an arrangement that
causes the structure to close up
into a soccer-ball shape.

eries are supposed to require sophisti-
cated research tools, these first graphene
flakes were “fabricated” simply by peel-
ing them from a graphite crystal using
adhesive tape. These first graphene sam-
ples were then subjected to tests of their
strength, thermal conductivity, and elec-
trical behaviors. Even after six years of
intense research, graphene continues to
reveal new and stellar properties.

THE MOST STRIKING PROPERTY OF
graphene is the speed with which it can
convey charged particles, the medium
for information in all electronic systems.
Even at room temperature, electrons
and holes—positively charged entities
that each represent the absence of an
electron—can zip through graphene
ballistically, traveling for micrometers
at a stretch without bouncing off a car-
bon atom or a structure defect. They thus
can move up to 2000 times as fast as in
silicon, enabling the device or transis-
tor to switch faster. That capacity would
make graphene a wonderful comple-
ment to silicon in the building of high-
performance field-effect transistors
(FETSs), provided this great switching
speed was coupled with a field effect.

Just how fast might charges propa-
gate through such a hybrid FET, made of
graphene and silicon? They could move
at about 20 000 square centimeters per
volt-second if placed on a substrate, about
14 times as fast as silicon alone allows.
Better still, the speeds remain high even
when the charge carriers reach densities
of up to 10 trillion per cubic centimeter.
In a conventional semiconductor, such
mobilities drop as you boost the concen-
tration of dopants, the impurities that
add surplus charge to the mix.

Another great advantage to graphene
is that it works even in tight spaces. In
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today’s FETs, the speed with which
charged particles can move falls dra-
matically as you pare down the transis-
tor’s channel, its thinnest part. No such
problem plagues graphene. And not
only does it conduct current, it conducts
heat as well, which moves horizontally
through the sheet. That quality makes
it perfect for dissipating the waste heat
thrown off by today’s ever more densely
packed electronic components. Further,
and in contrast to other materials pro-
posed for future electronics, such as
semiconductor nanowires and carbon
nanotubes, graphene is intrinsically flat.
It doesn’t have to be grown on a surface;
it can be sprayed on. That makes it com-
patible with today’s lithography, etching,
and patterning techniques.

Just as important is graphene’s
mechanical and chemical stability, even
at feature sizes under 10 nm wide. Such
stability means that graphene retains the
character designers intended as it passes
through the often brutal steps involved
in manufacturing a device. Yet for all
its stability, graphene can be fine-tuned
with relative ease. For instance, to make it
into a chemical sensor material—the sort
that might detect a particular proteinin a
biological sample or a simple compound
such as carbon monoxide—you merely
expose the graphene to the molecule to
be detected. Through a process called
adsorption, the protein or the carbon
monoxide gently binds to the surface by
electrostatic interactions, thereby chang-
ing the electronic properties of the graph-

Nanotube M ;

Graphite
Fullerene

ene, a change that can then be sensed by
the associated electronics.

Too bad we can’t fashion graphene
into a full replacement for silicon, but
only a complement. Unlike silicon,
graphene is ambipolar, which means
it lets current go through regardless of
whether a positive or negative gate volt-
age is applied. Doped silicon, by con-
trast, is unidirectional—that is, it allows
current flow only when the gate voltage
is at a certain polarity (say, positive or
negative). Ambipolarity may seem like
a bug rather than a feature, but with a
little thought, electrical engineers can
design around this problem and even
create devices that take advantage of it.
Researchers at MIT have demonstrated
an elegant example of this by using ambi-
polar graphene FETs as frequency multi-
pliers, which double the frequency of an
electromagnetic signal in radio commu-
nications and other applications. (This
device employs pure graphene FETs,
enabling it to perform a function that
carbon can handle but silicon cannot.)

Sadly, though, graphene appears at
the moment to be unsuited for use in
logic chips. Logic applications require
a transistor to have distinct “on” and

“off” states, in which the gate is conduc-
tive and nonconductive, respectively.
But a graphene gate remains slightly
conductive even when no voltage is
being applied. That’s because in its pure
state, graphene is a zero-band-gap semi-
conductor, having small conductivity at
zero gate voltage.
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There may nonetheless be a way to
engineer significant semiconductor band
gaps in graphene. One of the most prom-
ising approaches is to carve the graphene
into ribbons less than 10 nm across; this
confines the active zone to one dimen-
sion. Theory predicts and experiment
confirms that the band gap in graphene
ribbons is inversely proportional to their
width. As a result, such ribbons have
on/off ratios as high as 10 million to 1.

Although creating graphene sheets
using adhesive tape may be a fine labo-
ratory technique, it’s hardly practical for
mass production.

Here’s a better way: Start not with
graphite but with a carbon nanotube—
essentially a rolled-up sheet of graphene—
and unzip it along its length. We do this
with a chemical reagent combination
known since the 1800s, sulfuric acid
and potassium permanganate. Dmitry
Kosynkin, a postdoctoral researcher and
one of our associates at Rice University,
in Houston, discovered the process
while trying to oxidize the nanotubes.
We found it so remarkable that we spent
months accumulating enough evidence
to convince ourselves that it worked. The
beauty of it is that the chemical reac-
tion can easily be turned into a large-
scale process, with a yield approaching
100 percent.

Because carbon nanotubes come in
single-walled and many-walled vari-
eties, with diameters from 1 to 100 nm,
this process can produce graphene nano-
ribbons from 3 to 300 nm in width. By
selecting the ribbons of the proper size,
we can get the building blocks of the par-
ticular devices we wish to construct.

We have taken some of these tube-
born ribbons, deposited them on a sili-
con substrate topped with silicon dioxide,
and fabricated them into FETSs, which
turned out to have electrical proper-
ties similar to those of devices that use
graphene produced by other techniques.
We also demonstrated gating—the inher-
ent property of a FET wherein the trans-
port of carriers is modulated by the third,
or gate, electrode—as well as adsorption
properties that would make the devices
promising for use as sensors and non-
volatile memory.

ALTHOUGH THE UNZIPPING PROCESS
appears promising, there are several
problems to solve. First, the graphene
nanoribbons are partially damaged by
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the harsh oxidative environment in the
chemical bath, so we are now devel-
oping gentler ways to unzip the nano-
tubes. Second, we need to be able to
put the ribbons exactly where we want
them, in a way that can be reliably repro-
duced thousands of times a day in a fac-
tory. We’ll also need techniques that can
stand the ribbons vertically—like blades
of grass—so as to pack more of them
into a given area on a chip. Meanwhile,
for applications where discrete place-
ment is not required, as in photovoltaic
arrays, the graphene ribbons might sim-
ply be painted on.

Other techniques to unzip carbon
nanotubes are also possible. A group at
Stanford has used plasma jets to blow
the tops off multiwalled carbon nano-
tubes while protecting the sides of the
tubes under a polymer film. The result-
ing nanoribbons seem to resist oxida-
tive damage better than the chemically

GRAPHENE GOODNESS

might include a flexible
video display incorporated
into a shower curtain,
camouflage clothing, and
a virtual-reality theater in
the round.
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unzipped ribbons do, but it seems there
is no way to scale up the fabrication
technique. Other researchers have pro-
duced graphene using CVD techniques,
wafting methane or some other volatile
carbon compound onto nickel or copper
surfaces, which then catalyze the conver-
sion of those compounds into graphene.
It’s also possible to grow graphene epi-
taxially, by annealing silicon carbide at
high temperatures to assemble graphene
directly on the SiC wafer, using the car-
bon atoms that are already there.

This past summer, for instance,
researchers at Samsung, together with
colleagues from Korea’s Sungkyunkwan
University, the National University
of Singapore, and Japan’s National
Institute of Advanced Industrial Science
and Technology, reported using CVD
to produce stupendous growth areas,
approaching a square meter, on a cop-
per substrate. When the researchers dis-
solved away the copper, they were able
to keep that vast, one-atom-thick sheet
of carbon from wrinkling! They also
chopped it into transistors, showing the
way to mass production. This year IBM
achieved another milestone by demon-
strating 100-gigahertz graphene-based
transistors, and recently a group at the
University of California, Los Angeles, set
anew record at 300 GHz.

Of course, these transistors are
much larger than the silicon variety, but
smaller isn’t always better—sometimes
faster or more flexible is what you're
looking for. Engineers have already
shown that it’s no problem to transfer
graphene sheets from a copper growth
substrate to a flexible one made of poly-
ethylene terephthalate, the same kind of
plastic used in soda bottles. Such devices
would be good for transparent, touch-
screen displays that roll up when you’re
finished using them.

TO BE SURE, SILICON WILL REIGN
supreme in many of the applications in
which it is now found. But carbon, sili-
con’s little brother, has new realms to
conquer. And if graphene keeps pro-
gressing as fast as it has in the past two
years, it will surely attract the immense
weight of investment in research and
development that has so far gone almost
exclusively to silicon. If that happens,
then little brother will at first supple-
ment silicon and at last supplant it, as
little brothers often do. a
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Algae could make
the perfect renewable fuel
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Most people consider
algae a nuisance.

But it turns out that one man’s pond scum
is another man’s gold, to draw on an old
expression. An algal species with the right
properties could be immensely valuable.
That’s why we and others at the National
Renewable Energy Laboratory, in Golden,
Colo., have been busy “bioprospecting”
for promising scoops of slime.

Recently, we dispatched a graduate
student to pan for algae in a nearby creek,
in Utah’s Great Salt Lake, and in other
spots where we hoped to find organisms
thriving in extremes of temperature, pH,
and sun exposure. We’re hunting for novel
strains that can grow quickly and efficiently
enough to provide a renewable source for
diesel, gasoline, and jet fuel, which would
help reduce the world’s dependence on
fossil fuels while slowing the buildup
of carbon dioxide in the atmosphere.

What kind of algae could do all that?
Right now, that’s an unanswered question.
Algae are microscopic organisms, which,
like plants, use photosynthesis to convert
light into chemical energy while at the
same time absorbing carbon dioxide from
the atmosphere. Algae turn the carbon
they take in first into sugars and then into
oil, which can be made into fuel. But some
strains produce much more oil than others.
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Our recent bioprospecting ventures have unearthed hun-
dreds of different algae types. There are also about 30 000
known species to consider. We want to figure out which of
them could thrive on polluted or salty water, reproduce rap-
idly, and of course, make copious amounts of oil. Luckily, we
can go through them pretty quickly, using a microscope, a few
other specialized instruments, and a dye that fluoresces when
it contacts oil. Several strains we examined recently exploded
in glowing green halos when we tested them in this way.

The simple elegance of these microscopic oil factories has
motivated a hundred or so start-ups to try to tackle algal bio-
fuel production. Major oil companies, including Chevron,
ConocoPhillips, ExxonMobil, and Royal Dutch Shell, are
studying this idea. Several airlines have even performed test
flights using fuel blends consisting of a petroleum-based fuel,
algal oil, and oils from more traditional biofuel crops, such as
Jatropha, a genus of succulent plant that produces oil-rich seeds.

If you can make biofuel with jatropha or other vegetable crops,
why consider algae? In short, because they grow much faster and
produce more oil than terrestrial plants. A glance at the mossy
film on the surface of virtually any pond will confirm that the
needs of these organisms are truly humble. Like houseplants,
algae require water, sunlight, a few nutrients, and carbon diox-
ide from the air. They grow prolifically and accumulate large
amounts of oil when they experience environmental stress.

That algae produce oil isn’t a great surprise. The fossil
fuels that run our cars likely came from ancient algal cells that
dropped to the bottom of former oceans and were covered by
sediment. Algae use their oil the same way animals use body
fat, as a source of energy when times are lean. For animals, lean
times come between feedings; for algae, this happens every
night, when there isn’t any light to power photosynthesis.

Oil production also helps algae overcome the stress of grow-
ing in full sunlight, which can be hard on these cells, partic-
ularly when they are starved of one or more nutrients. Such
deprived algae tend to generate highly reactive chemicals
called free radicals, which can cause molecular havoc within.
The conversion of CO, to oil prevents the buildup of free rad-
icals, helping the cells avoid internal damage. This oil is very
similar to the vegetable oil you might buy at the grocery store.

But unlike corn or olives or soybeans, which can be har-
vested only once a season, algae
grow rapidly enough to be reaped |
continuously. They also have a
higher oil content—some as high
as 50 percent. A hectare of soy-
beans, for example, typically pro-
duces only about 500 liters of oil
each year, whereas a hectare of
algae growing in a shallow pond
can easily generate 9000 L of oil—
and perhaps as much as 47 000 L—
annually. That makes algae many
times as productive as oil palms,
the most oil-rich source of biodiesel

POND POWER: Some
of the algal cultures
grown at the National
Renewable Energy
Laboratory, in Colorado,
[top] were collected
from nearby Golden
Creek by graduate
student Lee Elliot
[middle]; authors (from
left) Al Darzins and
Philip Pienkos [bottom]
consider a sample.
PHOTOS: E.J. CARR
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now in use. (The expanding cultivation of
oil palms is problematic, however, as they
are responsible for much of the deforesta-
tion across Southeast Asia.)

For making the most oil in the least
amount of space, algae win hands down.
But there are other reasons to believe
they provide the most promising source
for biofuel. To understand why, you need
to take a closer look at the competition.

| HE LEADING alternative fuel

today—no surprise here—is eth-

anol, which can be used either as
an octane-enhancing additive, cutting
down on carbon monoxide and other
smog-causing emissions, or (in suitably
equipped vehicles) in much higher con-
centrations. “Flex-fuel” vehicles in the
United States, for example, canburn E85,a
blend of 85 percent ethanol and 15 percent
gasoline. Ethanol now accounts for about
6 percent of the global consumption of
what’s normally just labeled “gasoline.”

Today the fuel is made almost entirely
from corn kernels or sugarcane, but sci-
entists are also pursuing ethanol made
from lignocellulose, the fibrous mate-
rial that makes up the bulk of most plant
matter. Plentiful sources of such biomass
include the by-products from agricul-
ture, forestry, and the food-processing

S

GROWING OIL

Algae need not be growninopen
ponds. Photobioreactors are
another option for large-scale
cultivation. These containers
comein many shapes and

sizes, including arrays of clear
tubes, flat panels sandwiching
athinlayer of growth medium,
or plastic bags, which canbe
arrayed vertically [above],

laid out horizontally along the
ground, or suspended in cooling
water. Photobioreactors can
solve some of the problems of
open ponds, including reducing
the loss of water to evaporation
and the growth of competitors
(algal “weeds”), predators, or
pathogens that can kill the crop.
But using closed bioreactors
adds greatly to the cost of
producing algae.

Algae canalso growinlarge
tanks called fermentors, similar
to the stainless steel tanks used
to produce ethanol. But for
algae you need to add sugars,
because the steel walls of the
tanks block light, preventing
photosynthesis. As aresult,
algae grownin fermentors
do not produce theirown
sugars and do not capture CO,,
giving such biofuels the same
disadvantages as corn ethanol.

industry. Switchgrass and Miscanthus grasses grown specifically for
ethanol production on nonagricultural lands are also expected to add

significant amounts of biomass for ethanol production in coming years.
Although these emerging sources are not yet producing much, the U.S.

Energy Independence and Security Act of 2007 calls for the production
of 136 billion L of renewable biofuels by 2022. Another regulation caps
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the amount of corn-based ethanol at 57 billion L and
requires that at least 61 billion L of the remaining bio-
fuel allotment come from lignocellulose.

Whether this can be done in an economic and
environmentally responsible manner is open to
debate. We’ll almost certainly continue to use etha-
nol as a transportation fuel, but it has its disadvan-
tages. For one thing, it makes for hard starting in
cold weather. Also, its energy density is consider-
ably lower than that of gasoline or diesel. The energy
content of biodiesel, on the other hand, is nearly
equivalent to that of petroleum diesel.

Biodiesel is usually made by combining metha-
nol and lye with vegetable oil, animal fat, or recy-
cled cooking grease. It can be blended with ordinary
diesel to reduce vehicle emissions or used in its
pure form. And it can even be transformed into
a kerosene-like jet fuel. Unfortunately, the world
doesn’t currently have enough vegetable oil or old
grease to make sizable quantities of biodiesel. Even
if the United States were to devote its entire annual
crop of soybeans to producing biodiesel, it would
barely make a dent. But no nation would ever do
that, because food production is still the No. 1 use
for soybean oil. Algae, on the other hand, need not
present such a conflict. Here’s how we’d like to see
them put to work.

OU CAN cultivate algae in three ways, the eas-
Yiest of which employs shallow ponds with

paddle wheels that constantly mix the water.
Large tracts of desert might be the ideal place to grow
algae as long as enough water and the proper nutri-
ents can be secured. Such cultivation is practiced in
several areas of the world, including the United States,
Australia, New Zealand, Israel, China, and parts of
Europe, mostly using otherwise undesirable land and
saline water or brackish groundwater.
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But algae have another neat attribute. As we
mentioned, these organisms take up carbon diox-
ide, and they can do that much more readily when
it’s highly concentrated, such as in the flue gases
from a power plant. Using emissions to grow algae
can thus cut down on the release of this worrisome
greenhouse gas while producing the oils that are so
sorely needed for biodiesel. After the oils have been
extracted, the remaining residue can be burned to
generate heat and power, or it can be turned into
animal feed or nutritional supplements, such as
omega-3 fatty acids and antioxidants. Not bad for
simple pond scum.

Given this rosy picture, you'd be right to wonder
why algal biofuels haven’t already taken off. It’s not
as though people haven’t been working on the idea
for a long time. One early research project, begun in
1978, was the U.S. Department of Energy’s Aquatic
Species Program at the Solar Energy Research
Institute, which later became the National Renewable
Energy Laboratory. During this 18-year effort, the
Department of Energy spent about US $25 million
exploring virtually all aspects of algal biofuels.
Researchers screened more than 3000 strains of
algae for robustness and the ability to produce oil.
These investigators eventually culled their collection
to the 300 most promising species. Unfortunately,
only a fraction of those cultures survived, necessi-
tating our recent trips back into the field.

During the later years of the Aquatic Species
Program, molecular biologists isolated key enzymes
in algae and attempted to genetically modify some of
them to produce more oil. Other researchers worked
on cultivation techniques, constructing what they
dubbed the Outdoor Test Facility, in Roswell, N.M.,
which had two shallow ponds, each 1000 square
meters in size. There, the growth rate of the algae was
sufficient to produce more than 9000 L of oil per hect-
are—very heartening news. Less heartening, though,
was the observation that faster-growing wild strains
with lower oil concentrations often ended up out-
competing the species being cultivated.

It also quickly became clear that the process the
researchers were using to turn the algae into fuel
wouldn’t be cost effective. As expensive as gaso-
line and diesel seem at the pump, they cost less
than almost any liquid you can buy at the store. So
to compete with petroleum, every step in the con-
version of algae to fuel has to be done very cheaply.

Take the process of dewatering—that is, har-
vesting the algal cells from the suspension they’re
growing in. It may look like pea soup, but that sus-
pension consists mostly of water, with perhaps
only 1 gram of algae in each liter. The technology
of dewatering has improved, and the cost has come
down since the Aquatic Species Program ended, but
not nearly enough. Other steps in the conversion
remain pricey, too. Recent estimates of wholesale
costs of algae-derived biofuel fall between $10 and
$35 per gallon ($3 to $9 per liter)—much too expen-
sive to compete with petroleum-based fuels or even
today’s vegetable-based biofuels.

SPECTRUM.IEEE.ORG

rather gloomy economic picture. For example, we can now grow
thousands of cultures simultaneously at the microliter scale using
advanced liquid-handling devices and robotics. Instruments can isolate
single oil-filled cells from their cultures based on how the cells fluoresce.
With our improved understanding of flow dynamics, we can engineer
ponds and bioreactors that require the least amount of energy to mix. And
new polymers that are both stronger and cheaper can withstand months
of punishing sunlight, enabling more affordable photobioreactors. The
technical challenges should not be underestimated, but our projections
suggest that in the next 10 years or so algal biofuels will be able to com-
pete economically with crude oil costing between $75 and $100 per barrel.

What makes us most optimistic is the renewed financial support
for developing this technology. The U.S. Defense Advanced Research
Projects Agency was among the first to begin funding research groups to
work on the cost-effective conversion of algal oils to jet fuel. The Air Force
Office of Scientific Research also issued
a number of grants to academic and
national labs to carry out such research.
And the American Recovery and Rein-
vestment Act is providing $50 million
over three years to a consortium of
national, academic, and industrial labo-
ratories, called the National Alliance for

3 ECENT ADVANCES in technology, however, might soon change this

ALGAE’S
ENTREPRENEURS

A quick survey of algae start-ups
serves as a handy guide to the
biggest hurdles facing the industry.

To avoid issues such as light
limitation and culture stability,
Solazyme works on growing algal
strainsin the dark in large vats,
converting sugars fed to theminto
oil or hydrocarbons.

Algenol uses an engineered
strain of blue-green algae, better
known as cyanobacteria, which
uses photosynthesis to convert
CO, into sugars and then ferment
those sugars into ethanol, which
the cells then secrete. This
procedure eliminates the need to
harvest and dry the algae and then
extract the oils.

Both Aurora and Sapphire are
developing improved species of
algae for open-pond cultivation,
while Solix focuses on the engineer-
ing of closed photobioreactors.

Advanced Biofuels and Bioproducts, to
develop algae-based biofuels.

Private investment is substantial,
too. A few start-ups stand out in this
regard. In the past year, Algenol alone
has raised more than $900 million
from private investors. And in the
same period, Aurora Algae, Sapphire
Energy, Solazyme, and Solix Biofuels
have each raised in excess of $10 million.
Although their products are unlikely to
be able to compete with conventional
fuels anytime soon, the Defense Energy
Support Center recently announced
that it is prepared to buy more than
2.65 million L of algal biofuels at the
cost of production for use in ships and
jets. This guaranteed market should
provide near-term revenue for such
companies, allowing them to improve
their processes and reduce costs.

We are confident that we’ve reached
a sort of tipping point and that we’ll

see algal fuel produced in larger quantities in the next few years. But
before that happens, regulators will need to explore the environmental
impact of scaling up algae production. We and others will have to eval-
uate the carbon footprint of these operations, as well as their water and
nutrient demands. Another crucial question concerns what ecosystem
changes might result from modifications to the land, the evaporation of
huge amounts of water, and the disposal of leftover salty brines. Lastly,
the cultivation of nonnative algal species presents an unknown risk to
our aquatic environments. Government agencies will need to weigh
the potential benefits of factors such as adding jobs in rural areas and
energy security against any environmental consequences.

Clearly, many obstacles still stand in the way of widespread com-
mercialization, but so far none of these issues strikes us as insurmount-
able. To our eyes, anyway, the future of these little green cells looks
positively golden. a
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MVELL
NS

Open up today’s mobile electronic devices
and you'll likely see the imprint of Sehat Sutardija,
the beating heart of Marvell
By TEKLA S. PERRY

LOOK INSIDE an e-reader, game console, Blu-ray player, TV, or
smartphone and odds are you'll find a cluster of chips designed
by Marvell, a 15-year-old Silicon Valley firm. Marvell crafts the
CPU as well as the wireless transmitters and receivers, the dig-
ital signal processors, the video processors, and even the power
management system. Its chips will likely appear in the wave of
Android tablets expected to hit the market soon. And the One
Laptop per Child organization just announced that its next
generation of low-cost computers—the first to finally get below
US $100—will rely on Marvell electronics as well.

GABRIELA HASBUN
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“The reaSon Cor Marvell’s ubuiui)aj .7

Today’s consumer electronics, regardless of their functions or users, are designed
with one thing in common: high performance at low power. In that arena, Marvell is
unrivaled. And that’s translating to financial success. The Motley Fool gave a raving
buy recommendation for Marvell stock in late August, pointing out that Marvell is at
the “forefront of several powerful trends sweeping through the information technol-
ogy industry like wildfire” and is not only riding those trends but also “taking market

share from competitors.”

But Marvell and its quietly intense founder and CEO,
Sehat Sutardja, aren’t exactly household names. That doesn’t
particularly bother Sutardja. If he’s looking for affirmation
of his enormous success, he need only consider the compa-
ny’s explosive growth, its lineup of innovative, in-demand
products, its more than 5000 employees, its R&D and design
centers in Canada, China, France, Germany, India, Israel,
Italy, Japan, the Netherlands, Silicon Valley, South Korea,
Singapore, Spain, Switzerland, and Taiwan, and its $3 billion
in annual revenues. If Sutardja doesn’t capture media atten-
tion like, say, Apple’s Steve Jobs, well, he’s okay with that.

But just as Jobs sets the vision for Apple, Sutardja pours
his personality and passions into Marvell. And unlike Jobs,
who was not the technological powerhouse of the two Steves
that founded Apple, Sehat is an engineer to the core, a genius
at circuit design for whom electronics is not only a vocation
but also his only recreation.

So far, Sutardja, an IEEE Fellow, and his Marvell
cofounders—his wife, Weili Dai, and his brother, Pantas
Sutardja—have successfully managed the business as well
as the technology. But in a sense it’s been an off-Broadway
production—it may be packing the house night after night,
but it hasn’t gotten a lot of media attention. Today, however,
the company is trying to make the transition to a bigger stage,
and Sutardja increasingly finds himself'in the spotlight.

BORN IN INDONESIA to Chinese parents in 1961, Sutardja
had a fairly ordinary childhood for his time and place. “If it
rains,” he recalls, “you go out and dance in the rain. You see
butterflies, you chase the butterflies. You see dragonflies, you
chase the dragonflies. It was a simple life.”

And then he discovered engineering, and his butterfly-
chasing days were over.

It happened on a visit to Singapore, where his younger
brother Pantas was living with their grandparents. Sehat was
in sixth grade, Pantas in fifth. As boys will do, Sehat started
poking through his brother’s possessions, including some
DIY books and magazines geared toward electronics

38 INT - IEEESPECTRUM - NOVEMBER 2010

hobbyists. He spotted a great project: building a Van de
Graaff generator. He and Pantas bought some copper wire
at a surplus store and managed to rig together a crude but
functional machine.

Back in Indonesia after vacation, Sehat couldn’t stop
thinking about the generator. He began constructing a minia-
ture version that he could use to shock people as a prank,
scavenging gear from his parents’ auto parts store. The device
worked, but its copper contact points oxidized so fast he had
to sand them down every few minutes.

After alittle research at the local bookstore, he discovered
that transistors could replace mechanical switches. “Okay,”
he remembers thinking, “I’ll have to learn how to use tran-
sistors.” Sehat found a radio repair shop where he could do
just that. Within a year he received his radio repair license, a
document he seems more proud of than his college diploma.
(His wife carries it for him in her purse in case he wants to
show it to people. Which he often does.)

Sehat continued to tinker with circuits, and he also kept
abreast of new developments in the field. The most interesting
news always seemed to be coming from the likes of Fairchild,
National, Motorola, and Texas Instruments. His next step
was obvious: He had to go to the United States.

One of the few people he knew in the States was the brother
of a friend, who happened to be studying at the University of
San Francisco, a private school. So Sehat applied there. He
arrived in the summer of 1980, only to discover that the math
and physics classes were repeats of what he’d already taken
in high school. The college didn’t even have an electrical engi-
neering program, he was crushed to learn.

Another Indonesian friend was enrolled at Iowa State
University, which did have an engineering school. Sehat
transferred and then spent the next two and a half years
racing through the curriculum, typically taking two extra
classes each semester. During the summers of 1982 and 1983
he worked for IBM in Kingston, N.Y.

By the time he graduated in 1983, he knew a little more
about U.S. universities and applied to the University of

4
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FAMILY MATTERS: Marvell’s founders are actually one happy family. Sehat Sutardja [center] is the CEO; his wife, Weili Dai [left], and his
brother, Pantas Sutardja, are also Marvell executives. The company reflects their passions; for example, the basketball court, pictured above,
has special meaning for Dai, who played on an elite team as a child in Shanghai. rroto: GasriELA HASBUN

California, Berkeley, for a graduate program renowned in
the analog circuit design community. His brother Pantas was
also there, working on his undergraduate EE degree.

Sehat studied low-power, low-impedance amplifi-
ers as part of a research program targeting the Integrated
Services Digital Network (ISDN), which at the time was con-
sidered the next big thing in communications. He moved on
to designing analog-to-digital converters for ISDN phones,
again focusing on low-power devices because these phones
would be powered through the phone network, not the elec-
trical grid.

Even as a grad student Sehat made an impression, says
Stephen Lewis, his office mate at Berkeley and now a profes-
sor at the University of California, Davis. “He’s a perfection-
ist. For example, when we were students, we were building
pipeline A-to-D converters. The traditional way of setting
the gain of a switched-capacitor amplifier to two used two
capacitors, one twice as big as the other. He figured out a way
to do it with two identical capacitors, increasing the ampli-
fier speed by increasing its feedback factor. We had a solu-
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@%ﬁectrum Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

tion that worked, but he kept digging until he found a way
to do it better.”

Lewis recalls that Sehat revised his layouts over and over,
trying to eliminate any errors that would prevent the capaci-
tors from matching exactly. These errors wouldn’t have
caused the device to fail; they would have only reduced the
performance slightly. Still, Sehat wouldn’t let them go. It’s
that same doggedness and attention to detail, Lewis believes,
that makes Sehat and his company so successful today.

OUTSIDE THE LAB and the classroom, Sehat didn’t do
much; ifit wasn’t related to engineering, he wasn’t interested.
He managed to meet the woman who became his wife anyway.
One day, Sehat and a friend visiting from out of town were
getting on the elevator in the electrical engineering and com-
puter science building. Already in the elevator was an under-
grad named Weili Dai. Sehat’s friend began chatting her up.
Sehat said nothing, embarrassed by his friend’s corny lines.
Dai wasn’t terribly impressed either. “There were two
guys,” she says, “and one of the guys says, ‘Hi, are you a com-
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puter science major?’ I was like, “Wow, this guy knows this
building is computer science. Wow.””

But she did remember the quiet guy, and he remembered
her, enough to say hello when they ran into each other sev-
eral weeks later. After a few more encounters, he invited her
to study with him in his office. Neither liked bars, so for them
this was a perfect date. By the time Sehat got his Ph.D. in 1988,
the two were so serious that Sehat was unwilling to consider
jobs outside the Bay Area.

He joined Micro Linear Corp., a fabless semiconductor
company in San Jose. He worked on D-to-A converters and
other chips for disk drives. But instead of using building
blocks from the company’s design library, as was expected,
he designed every circuit from scratch, reducing the latency
of the disk controller from 100 nanoseconds to just 10. His
superiors doubted the designs would work, though, so
Sehat found himself lobbying for his approach all the way
up to the vice president of engineering, who eventually
agreed to use the new circuits. They worked, and the con-
troller ended up in Hewlett-Packard drives used by a wide
variety of manufacturers.

Looking for more challenges, Sehat joined Integrated
Information Technology in Santa Clara, Calif., where he
designed circuits for digital video compression and decom-
pression. The technology was novel but ended up in a dog of
a product: the AT&T VideoPhone. It was time to move on,
but Sehat didn’t know what to do next. His wife did, though.

“Engineers always talk about technology,” she says.
“They figure out a way to design something, to make a prod-
uct better.” But Sehat was a little different, she says, for he
also thought about how the product would fare in the mar-
ket. When they were still in school, she had told him, “After
your Ph.D., you get some real-world experience. But when-
ever you're ready, we’re going to do a company of our own.”

In 1995, he was ready. He asked his brother Pantas, who
had recently left IBM’s Almaden Research Center, to join
the start-up. With some savings and money from Dai’s par-
ents, on 10 February 1995 the three incorporated Marvell—
so named because they were planning to do marvelous things,
and, they had noticed, a lot of successful companies’ names
ended with “el” or “ell,” like Intel, Novell, and Nortel.

SEHAT ALREADY HAD plans for the first product: a better
read channel for disk drives. It sounds incredibly specialized
and it is, but it’s also one of the drive’s key components. The
read channel takes the analog signal coming from the mag-
netic head as it scans the disk, converts the noisy signal to dig-
ital, and puts that information out onto the bus that will take
it to the computer. Existing read channels used a bipolar tran-
sistor on a complementary-metal-oxide semiconductor sub-
strate (BiCMOS), but Sehat planned to use only CMOS. That
way the channels could be manufactured by a chip foundry
like the Taiwan Semiconductor Manufacturing Co., so
Marvell wouldn’t have to build its own fab. Using CMOS also
meant that the device would consume less power. This would,
however, present an engineering challenge: Existing CMOS
read-channel designs were much slower than BiCMOS.
However, Pantas had worked on hard drive technology
at IBM, and Sehat had experience in mixed signal chips—
those that require combining analog and digital technology.
Between them they thought they could design a read chan-
nel that could handle 180 megabits per second, putting them
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BY DESIGN: Sehat Sutardja runs Marvell from a Silicon Valley
campus that once housed 3Com. Inside and out, the buildings
are gems of clean design, with many of the furnishings selected
according to feng shui principles. pHoro: GasrIELA HASBUN

well ahead of existing 100 Mb/s BiCMOS products and, they
projected, equal to the next generation of BICMOS chips that
would be coming from the established companies.

The traditional method used in read channels involved
looking for peaks in the analog waves to define the digital
bits. But as the bit density increased, it got harder to distin-
guish the peaks. The Sutardja brothers instead took multiple
samples of the signal and then used digital signal processing
circuitry to sort them out. This approach reduced noise and
also sped up the bit rate.

“The Marvell founders would come to conferences, say
they could do it in CMOS, but wouldn’t reveal their secret
sauce,” says Stephan Ohr, an analyst with Gartner who cov-
ered analog devices at the time. “Years later we found out
that they simply threw more gates at the problem, creating
elaborate filtering circuits.” The real breakthrough of this
approach, says Ohr, was that it was scalable—they could
make faster and faster devices simply by following the CMOS
technology curve—and the approach could be transferred to
other products. Continued on page 54

SPECTRUM.IEEE.ORG

@fﬁectrum Previous Page | Contents |"Zoom'in"|"Zoom out"| Front'Cover | Search'Issue | Next Page



http://www.qmags.com/clickthrough.asp?url=www.spectrum.ieee.org&id=15726&adid=P40E1
http://www.qmags.com/clickthrough.asp?url=www.spectrum.ieee.org&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.spectrum.ieee.org&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo

spectrum

-
© 2010 Marriott International, Inc.

i
L |

T

/'\
&%

GROCERY DELIVERY. Residence
ONE OF THE MANY COMPLIMENTARY FEATURES DESIGNED TO KEEP YOU BALANCED. Inn ®
MASTER THE LONG TRIP." ,\\arrlott

RESIDENCEINN.COM

spectrum


http://www.qmags.com/clickthrough.asp?url=www.residenceinn.com&id=15726&adid=P41A1
http://www.qmags.com/clickthrough.asp?url=www.spectrum.ieee.org&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.spectrum.ieee.org&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo

Loy
ekl 1 1 u‘{
e

L ooy

!q

.
iyt
Eo e S
I Ty
t““!‘ -+
%,
ity
T 1

Fy?
B,
‘t"4‘44 .

¢ 0 SRS

n "‘_l.



http://www.qmags.com/clickthrough.asp?url=www.spectrum.ieee.org&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.spectrum.ieee.org&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15726&adid=logo

@%ﬁectrum Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

— a 5PN o REMEMBER —

Superdense memories based on the bizarre property of
electron spin could replace all other forms of data storage

By SALAH M. BEDAIR, JOHN M. ZAVADA & NADIA EL-MASRY

ELECTRONIC TECHNOLOGY has evolved enor-
mously over the past century, but in the most
fundamental way it hasnotchanged atall. From
the earliest vacuum tube amplifiers to today’s
billion-transistor processors, all electronic
devices work by moving electrical charges
around. The countless discoveries and innova-
tions that made the digital age what it is today
were all made possible by our ever-improving
mastery over electrons.

But those electrons are now beginning to rebel.
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S WE BUILD transistors and other
/A\ components with nanoscale dimen-

sions, processors and memories are
becoming so dense that even their infini-
tesimal individual currents are combining
to produce scorching heat. Furthermore,
quantum effects that were negligible
before are now so pronounced that they’re
threatening to render circuits inoperable.
The upshot is that we're fast approach-
ing the point when moving charge is not
going to be enough to keep Moore’s Law
chugging along.

In anticipation of that day, researchers
all over the world are already working on
a promising alternative. We have set our
sights on a different property of electrons,
which we hope to exploit for storing and
processing data. This property is spin.

Spin is a fundamental yet elusive
quantum attribute of electrons and other
subatomic particles. It is often regarded
as a bizarre form of nanoworld angular
momentum, and it underlies permanent
magnetism. What makes spin interest-
ing for electronics is that it can assume
one of two states relative to a magnetic
field, typically referred to as up and down,
and you can use these two states to rep-
resent the two values of binary logic—
to store a bit, in other words.

The development of spin-based elec-
tronics, or spintronics, promises to open
up remarkable possibilities. In principle,
manipulating spin is faster and requires
far less energy than pushing charge
around, and it can take place at smaller
scales. The holy grail in the field is a spin
transistor. Chips built out of spin tran-
sistors would be faster and more pow-
erful than traditional ones and, farther
down the road, may feature such new
and remarkable properties as the ability
to change their logic functions on the fly.

We're still decades away from being
able to build such a thing. But chips that
exploit spin in a more modest way are
already available. At least one company,
Everspin Technologies, of Chandler,
Ariz., is now selling magnetoresistive
random access memory, or MRAM,
a kind of spintronic memory. And
many others—including Freescale,
Honeywell, IBM, Infineon, Micron,
and Toshiba, as well as start-ups and
university research groups—are busy
investigating MRAM technology.
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HOW a SPIN
MEMORY WORKS

The authors discovered a
magnetic semiconductor material
that can store spin orientations at
'oom temperature.

This property could be used to
build a spintronic memary

The reason for all this interest is clear.
Today’s computers often use four kinds
of storage. Dynamic random access mem-
ory, or DRAM, has high density but needs
to be constantly refreshed and consumes
lots of power. Static random access mem-
ory, or SRAM, used in caches, is fast to
read and write but takes up considerable
space on a chip. Flash, unlike SRAM and
DRAM, is nonvolatile but is quite slow to
write to. And then there are hard disk
drives; these have high density but rely
on moving parts, which impose size and
speed limitations. MRAM is attractive
because it could, in principle, replace all
other kinds of memory.

Rather than representing a bit as
charge in a capacitor or as the state of an
interconnected set of transistors, MRAM
stores data using the spin of electrons
in a ferromagnetic substance, which is
to say it stores data by creating a mag-
netic alignment in one direction or the
other. In a tiny region of that material,
spin up means O, and spin down means 1.
Proponents say that as MRAM improves,
it could combine all the advantages of
SRAM, DRAM, flash, and hard disks—
with none of their shortcomings. It would
be a compact, speedy, low-power, and
nonvolatile “universal memory.” With
MRAM, a computer wouldn’t have to

juggle data between main memory, cache,
and disk; instead, it could load all data
into its working memory. This capability
would make possible instant-on systems
and maybe even change the way we think
about computer architecture.

At the moment, however, MRAM suf-
fers from two problems: The density of
bits is low, and the cost of chips is high.
The early MRAM designs needed lots of
current to change a 1to a O or vice versa.
This requirement prevented their further
miniaturization. Improved designs might
overcome that hurdle using novel tech-
niques and materials, but they would oper-
ate at only liquid-nitrogen temperatures.
This is not going to work for your iPod.

This problem—the need for cryogenic
temperatures to reduce the write current
of MRAM—has been the focus of our
work at North Carolina State University.
It’s a major challenge, but we’ve recently
made a significant breakthrough:
We demonstrated a device that shows
potential as an MRAM memory cell. It
can be written to using conventional volt-
age levels and almost no current at all.
The key is a material called gallium man-
ganese nitride, a semiconductor whose
magnetic properties we can manipu-
late electrically. And here’s the best part:
It works at room temperature.
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1. ERASE

When a negative voltage is applied

to the p-njunction, the p-type layer is
depleted of holes, causing the spin of
the manganese atoms in the magnetic
layer to become disoriented. You could
use this state to store the bit value 0,
or erase your memory cell.

PINTRONIC TECHNOLOGY isalready
S in your computer, at least in a pri-

mordial incarnation. Modern hard
disk drives have a read head that relies
on an effect known as giant magneto-
resistance, or GMR, which was discov-
ered by French and German researchers
in the late 1980s. Basically, when the spins
of electrons in the read head point in the
same direction as those creating the small
magnetic domains on the disk, the head’s
electrical resistance decreases. When the
spins are in opposite directions, the resis-
tance increases slightly. More recently,
engineers have developed even better
read heads that rely on tunnel magneto-
resistance, a kind of enhanced GMR. Itis
this ability to sense very feeble magnetic
fields that has allowed hard-disk makers
to keep doubling the capacities of hard-
disk drives on a schedule that’s even out-
paced Moore’s Law.

Many advances in spintronics resulted
from two big research programs that the
U.S. Defense Advanced Research Projects
Agency, or DARPA, funded in the 1990s.
The first one produced the earliest MRAM
prototypes. These devices used memory
cells consisting of magnetic tunnel junc-
tions: two layers of a ferromagnetic mate-
rial like iron separated by an extremely
thin, nonconductive barrier of magne-

SPECTRUM.IEEE.ORG

About 0.5
micrometers

2. WRITE

When you remove the voltage, the
concentration of holes in the p-type
layer increases. A quantum mechanical
interaction between the holes and the
manganese atoms causes the atoms’
spins to align. You could use this state to
write the bit value 1.

sium oxide. When the spins of the elec-
trons in the two ferromagnetic layers
point in the same direction—in other
words, when their magnetizations are
aligned—the electrical resistance across
the junction decreases; when the spins
point in different directions, the junction
becomes more resistant to current. The
prototypes used this change in resistance
to sense whether a1 or a O was stored.
Some MRAM chips built at the time
contained millions of memory cells, each
with dimensions of about 150 nanometers,
an impressive achievement back then.
But the researchers soon discovered that
going below 100 nm was not going to be
easy. The problem had to do with the
method they used to change bits, which
was to drive currents through electrodes
connected to each memory cell, creating
a magnetic field that oriented the spin
state of the cell. This method required
currents that proved quite high, draining
lots of power. Worse still, the magnetic
fields affected not only the desired bit but
also others nearby, resulting in errors.
Researchers are now trying to
improve on this scheme. The most prom-
ising alternative is called spin-torque-
transfer, or STT. The idea is to send elec-
trons through a magnetic layer of cobalt,
which tends to orient their spins in the

Spin of
manganese
atoms

Statel

3. READ

The researchers plan to equip each
device with a tiny magnetic sensor,
similar to a read head of a hard drive but
etched as layers in the semiconductor.
This supersensitive sensor would detect
whether magnetization is present and
determine the device’s state.

same direction. The resulting spin-
polarized current then flows into another
layer of cobalt material. There, by virtue
of one of the many mysteries of quantum
mechanics, the incoming spin-polarized
electrons transfer their spin orientation
to the electrons on this second layer, thus
magnetizing it.

So instead of writing a bit by apply-
ing a magnetic field, as early MRAM
designs do, STT uses a spin-polarized
current of electrons. To be commercially
viable, the magnetic region where the bit
is stored has to be quite small, of course.
Researchers believe STT should work
down to at least 65 nm and possibly even
smaller dimensions. Last year, engineers
at Hitachi and Tohoku University dem-
onstrated a prototype capable of stor-
ing 32 megabits this way. But that’s not
all that much. For comparison, a mod-
ern DRAM chip can hold 128 times that
amount. And though in theory such
memories should require very small
currents to change a bit, in practice the
currents are still too high for most com-
mercial applications.

For such reasons, our group and
several others are betting on a differ-
ent approach entirely. Forget about
current-induced magnetic fields and
spin-polarized currents. Instead, find a
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MEMORY vs. MEMORY

~uture MRAM
chips could
combine all the
advantages of
existing memories
with none of thelr
Shortcomings

storage medium with a permanent mag-
netism that you can control by applying
small voltages. These materials exist:
They are called dilute magnetic semi-
conductors. As their name suggests,
they are semiconductors that are also
somewhat magnetic. Their magnetism
stems from certain metal atoms added
in a process similar to doping. What’s
interesting about these materials is
that the presence of charge carriers—
electrons and holes (vacancies left when
electrons are missing in places where
they’d normally be found)—can alter
their magnetic properties.

As part of DARPA’s second MRAM-
research program, initiated in 1999,
researchers investigated several dilute
magnetic semiconductors, in particu-
lar gallium manganese arsenide and
indium manganese arsenide. Both
proved to be good candidates. There was
just one problem: A material is magnetic
only up to a given temperature—in this
case about 200 kelvin, or -73 °C. That’s
colder than nighttime in most parts of
Mars! Go above that level—known as the
Curie temperature—and atomic vibra-
tions cause the spins to lose the orderly
arrangement that makes the material a
permanent magnet. If this was a mem-
ory chip, you'd lose your data.

UR FIRST breakthrough came in
ODecember 2001. At the time we
were seeking a dilute magnetic
semiconductor with a Curie temperature
higher than room temperature. Following

what were then just theoretical results, we
decided to add some manganese to gal-
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HARD DRIVE

+ High density; very low cost per
byte stored

— Moderate read and write speeds;
bulky moving parts

lium nitride—about two to five manganese
atoms for every 100 gallium atoms—to see
what would happen.

The resulting gallium manganese
nitride turned out to be very promising.
When you apply a magnetic field to this
substance, it becomes permanently mag-
netized. That is to say, when you remove
the field, the magnetization doesn’t go
away, so it can be used to store data.

Our next major step, which we
reported last year, was the ability to
manipulate the magnetic properties of
this semiconductor electrically. We started
with ordinary gallium nitride. We then
applied a thin layer of gallium nitride that
contained a little added silicon, a dopant
that donates electrons, thereby creating
an n-type semiconductor. (The 7 stands
for “negative,” reflecting the addition of
negative charges—electrons.) Next we
added another gallium nitride layer, this
time using magnesium as a dopant to
remove electrons from the lattice of atoms,
creating a p-type layer (p stands for pos-
itive). Finally, we deposited a very thin
veneer of gallium manganese nitride on
top of all this.

The junction between - and p-type
layers was key. That’s because you can
control the concentration of electrons
and holes around a p-n junction by
applying a voltage across it. And that’s
exactly what we did next. We connected
electrodes to the n-type and p-type layers
and applied a few volts. Then we turned
our attention to the upper layer of gal-
lium manganese nitride, using very sen-
sitive instruments to measure extremely
weak magnetic fields within it.
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SRAM

+ Superfast read and write speeds;
low power

— Large memory cells take up
considerable space; volatile

When we applied a voltage of -5 volts
across the p-n junction, the magnetization
of that upper layer approached 0. When
we removed the voltage, the magnetiza-
tion shot up. It was a faint magnetization
to be sure, but enough for storing bits.

Now, you might ask, why does the
voltage on a p-n junction change the mag-
netization nearby? To understand that,
you have to first think about what goes
on at a p-n junction when no voltage is
applied across it (or break out the text-
book you used in your introductory elec-
trical engineering class in college).

First, recall that the n#-type material
has an abundance of negative charge
carriers—electrons—which are free to
move around. In the p-type material,
the charge carriers are holes, spots in
the atomic lattice that are lacking in elec-
trons. When you put one of these mate-
rials against the other, electrons move
from the n-type material into the p-type
material, filling what were vacancies,
or holes. So you end up depleting both
types of charge carriers in the vicinity
of the p-n junction, which is called, nat-
urally enough, the depletion zone. This
process is self-limiting, though. The loss
of electrons from the n-type material
leaves it with a positive charge, while the
gain of electrons in the p-type material
makes it negatively charged. This sets
up an electric field that opposes the
migration of any more electrons across
the junction.

Aswithan ordinary diode, if the p-type
material is made positive with respect to
the n-type material, the applied voltage
can overcome this electric field, sending
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DRAM

+ High density; low cost; fast read
and write speeds

— \olatile; constant refreshing of
data drains power

holes and electrons racing toward the
junction, reducing the thickness of the
depletion zone. A voltage of the opposite
sense boosts the internal electric field and
makes the depletion zone wider.

What makes our device different is
that the p-type material is very thin and
is positioned right next to the magnetic
layer of gallium manganese nitride. So
by adjusting the voltage across the p-n
junction, we can control the concentra-
tion of holes in the p-type layer at the
interface with this magnetic material.
That’s important because the pervasive
quantum-mechanical weirdness that
arises at these scales allows these holes to
interact with the manganese atoms sitting
a few hundred angstroms away. Though
there is a debate in our community, we
believe the quantum phenomenon at work
here is what is known as carrier-mediated
ferromagnetism. It’s as though the holes
told some of the electrons around these
manganese atoms to align their spins and
start acting like a refrigerator magnet.

By the same token, when we apply a
negative voltage across the p-n junction,
we increase the width of the depletion
zone enough to diminish the number of
holes at the interface with the magnetic
material. That then allows the spins of
the electrons in these manganese atoms
to revert to random directions. The
device’s magnetization vanishes.

This was the first demonstration that
ferromagnetism can be controlled by
applying voltages to a p-n junction with-
out relying on ultracold temperatures. We
hope this discovery will help turn spin-
tronics into a hot topic again, so to speak.
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FLASH

+ Nonvolatile; high density; fast
read speed

— Power consuming; write operation
is slow and has limited endurance

‘ HE INITIAL prototype we built can’t
be readily used as a memory cell.
First, we need a major improve-

ment on our design. The problem is that,
although you can control the magnetiza-
tion of our device using voltages, when
youremove the voltages the magnetization
returns to a baseline level. For a device to
work as a memory, you need to be able to
switch back and forth between two sta-
ble states.

One idea we're currently considering
is making our device’s layers even thin-
ner and adding a barrier of nonmagnetic
material, also very thin, between the
p-type and magnetic layers. We’re hop-
ing that by applying a voltage across these
two layers, we can change the concentra-
tion of holes in the p-type region and also
force some of the holes to cross the newly
added barrier and migrate into the mag-
netic section of the device. The barrier
would then play a key role: After the volt-
age is removed, it would prevent the holes
from migrating back to the p-type region,
thereby maintaining the magnetization of
the device even when it’s not powered on.

Now, if you take the device in this
magnetized state and apply a voltage in
the reverse direction, the holes would
cross the barrier back into the p-type
region. The holes would remain trapped
there, and the magnetization would dis-
appear. This approach would provide
the two stable states we need to use the
device as a memory.

If this design is successful, the next
step would be miniaturization. In fact, our
initial prototype is rather big—each mem-
ory cell is about the size of a fingernail. To

MRAM

+ Nonvolatile; high density; fast
read and write speeds; low
power; unlimited write endurance

build smaller memory cells, we’re investi-
gating two approaches: One is using con-
ventional photolithography, which we
believe could lead to cells about 50 nm in
size. Another idea is to grow the cell struc-
tures as nanowires, which we speculate
might shrink them as small as 20 nm.

Such reduced dimensions would
lead to another challenge: reading the
bits in these tiny cells. As we proceed
to nanoscale dimensions, the strengths
of the magnetic fields will become even
smaller. How to detect them remains an
open question. We might have to equip
each memory cell with a tiny magnetic
sensor, similar to a read head of a hard
drive but etched as a series of layers in
the semiconductor. It’s a possibility, but
we don’t know how it will perform and
whether the resulting device would be
economically viable.

Finally, another issue crucial to the
commercial success of our MRAM pro-
posal is its compatibility with conven-
tional semiconductor technology. In
theory, because MRAM would be pro-
grammed and interrogated electrically, it
could be integrated with ordinary chip-
making processes. Then the MRAM
devices could be made part of multifunc-
tional integrated circuits, which would
be able to perform all the processing,
storage, and communication tasks that
today require separate chips.

Clearly, overcoming these hurdles
will take a lot of work. But if all goes
well, our electrically controlled magnetic
material may help engineers to ensure
their continued mastery over electrons—
and their spins. w}
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N BIGOTY

A little shop in New
York City celebrates the
glory of the lightbulb

in the waning days of
incandescence

BY

PHOTOGRAPHY BY

In the window display of
David Brooks’s third-generation lighting
store, strips of ice-blue LEDs flash
beside lantern lights and amber-toned
carbon bulbs. The LEDs are the same
kind of lights that hang from the maple
trees across the street from Macy’s
famous Manhattan department store
around Christmastime. “The light drips
from one bulb to the next in a random
pattern,” simulating rain or falling snow,
Brooks explains. “It just looks neat.”
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tomer plucks from a briefcase two slender glass tubes,
long and clouded like fluorescent lamps. They’re incan-

”

\/OU HAVE SYLVANIAS!” David Brooks hoots when a cus-

descent Lumiline bulbs, Brooks says, “very popular in the 1930s.
He appraises them fondly, like a wine connoisseur regarding a
bottle of 1961 Lafite-Rothschild. “Sylvania hasn’t made them in
maybe 20 years.”

A trim, angular man with a thick salt-and-pepper goatee and
a brisk stride, Brooks is the proprietor of Just Bulbs, the bright-
est bulb shop in New York City. Here inside his shop, the sim-
ple 19th-century technology—just a resistive filament encased
in an evacuated glass globe—is displayed in all its sundry daz-
zling forms. There are rainbow-striped disco bulbs, frosted
flame-tipped holiday bulbs, flickering chandelier bulbs, and full-
spectrum-daylight bulbs. White vanity bulbs crowd the shelves,
and funnel-shaped halogens spill out into the aisles. Across the
ceiling, Brooks has strung strands of party lights in every theme
imaginable—flowers, bumblebees, cowboy hats, New York
Yankee-logoed baseballs, and Budweiser beer cans. He’s got bulbs
for microscopes and vacuum cleaners and slide projectors and
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Star bulbs [bottom left] are a big hit at Just Bulbs.

“They’re very popular with old-fashioned Sputnik fixtures—you know,
the ones that look like the old satellites the Soviets flew into space
in the 1960s, with lots of little arms coming out of a silver globe?
They look really special with our little stars on the ends,” Brooks
says. Also popular are flickering electric chandelier lights [bottom
center], which Brooks installed in Gracie Mansion, the Metropolitan
Museum of Art, and the now-shuttered Tavern on the Green. His
favorites are the antique carbon bulbs [bottom right and top].
They're reproductions of 1890 and 1910 bulbs, with elaborately coiled
amber filaments and names like “Squirrel Cage” and “Pig’s Tail.”

refrigerators, bulbs that glow like old gas lamps and ones that pur-
port to make you more virile. In total, Brooks has crammed about
45 000 different types of bulbs into his 93-square-meter shop.
Brooks, formerly a lawyer, has sold lightbulbs for 27 years
and has seen a lot of lighting fads come and go. But he hasn’t
seen anything quite like what’s happening now: In 2007, the
United States passed a law banning the manufacture of com-
mon incandescent lamps—notorious energy wasters—starting
with 100-watt bulbs in 2012. “These plain old bulbs, they won’t
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IN STOCK:

David Brooks
estimates that
his New York

City lighting

shop carries i
about 45000 &+ ¢
different types®
of bulbs—not to
mention lighting
fixtures, sockets,
and other parts.
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exist much longer,” he remarks as he bags up a two-pack box of
frosted Bulbrite Long Life lamps.

Elsewhere, the incandescent phaseout has already begun. In
the European Union, for instance, it is illegal (as of September
2009) for shops to buy incandescent lamps of the frosted or
100-W variety. In Australia, shops are prohibited from import-
ing tungsten bulbs, low-voltage halogen bulbs, and most other
bulbs that radiate less than about 15 lumens per watt. Cuba is the
only country that has altogether purged itself of lighting ineffi-
ciency, stopping the import and sale of incandescent bulbs in
2005 and sending social workers to Cubans’ homes to replace
their old-style lamps with watt-saving compact fluorescent ones.

“What’s pretty funny is people hate the fact that lightbulbs are
going,” Brooks says, though he doesn’t personally get nostalgic
about them. Already he has begun to stock his store with energy-
efficient stand-ins: curly compact fluorescents and light-emitting
diodes of all shapes and sizes. But many of his customers aren’t
as compliant about the switchover. “What they’re doing is they’re
stocking up a lifetime supply,” he says. “We just had a lady in
Tennessee who used to buy, all the time in her supermarket, soft
pink lightbulbs, because they make you look good. Old ladies love
pink lightbulbs. But you can barely get them anywhere anymore.”

Brooks sold the woman 1000 pink bulbs. “Apparently, she’s
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Among the
most expensive bulbs Brooks sells
are obsolete projector bulbs [left and
far left], which run US $200 to $300.
“Typically they go in old movie cameras,
old 8-mm theater projectors, old
strobe lights, that sort of thing,” Brooks
says. “These were all handmade. The
glass is handblown, and you can see
they’ve got incredibly elaborate guts.”

”»

selling them now to all her neighbors and old lady friends,
Brooks speculates. “And when her daughter gets married, she’s
going to give them to her for a present.” Lightbulbs for a wed-
ding present? “It’s the perfect present!” he insists.

You might say that bulbs are in Brooks’s blood. His grand-
father, Augustine Brooks, was a light peddler, selling bulbs door
to door throughout Manhattan. Brooks claims that Augustine
used to replace the lights in the Empire State Building, one by
one, “working his way down from the top.” Augustine opened
Just Bulbs in 1942, in the middle of World War II, when incan-
descent lamps, like sugar and silk stockings, were scarce.

And they will soon be again. But you can bet that whatever
bulb can be had, Brooks will have it. He keeps a list of antique
shops, warehouses, and hardware stores that never bother to
clear out old stock. So when he’s hunting for a rare bulb, he
makes his way down the list, top to bottom, calling numbers in
the same manner his grandfather once knocked on doors in the
Empire State Building. Recently, he even convinced a Chinese
bulb manufacturer to make the tubular Lumilines that every
other manufacturer has stopped producing.

“How much to replace these, then?” inquired the owner of
the obsolete Sylvania brand bulbs.

“A fortune,” Brooks sighed. a
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PINQUE

2 LAMPES A19

Even the lightbulb business goes through fads. “Last year for Halloween
and Christmas, everyone bought blue,” Brooks observes. “Right now, we’re finding that
a lot of people are buying the mood lightbulbs. They're supposed to make you feel a
certain way.” For instance, he’s got a bluish-turquoise one called “Serenity,” which is
supposed to induce calmness. There’s also a variation on yellow that’s called “Happy.”

“Did you know there are 35 different shades of white?” Brooks
will ask if he catches you gawking at his spectral display [above]. “And every one
of them has a different purpose. We just redid a pizzeria down the street, and the
owners were convinced they wanted natural daylight. That kind of light makes
diamonds look great. It makes fur look fantastic. It makes pizza look kind of gray.
But that’s what they bought. Now, it’s really good pizza, so | don’t care.”
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Marvell Inside

Continued from page 40

Pantas defined the architecture, then moved on to simu-
late the digital circuitry; Sehat focused on the analog aspects
of the design. The brothers hired four engineers to help out.
By Christmas 1995 they had the first working chips.

Marvell now had a product but no customers. So Dai dialed
information and got the number of every disk drive manufac-
turer she could think of. “Fortunately,” she says, “in the stor-
age market you only have about half a dozen guys.”

The company sent samples to three drive companies. They
all found the chip to be faster and cheaper and lower power—
but, Sehat reports, they were reluctant to bet on a start-up.

Eventually, they convinced Seagate Technology to take a
chance. Ken Burns, an executive at Seagate, told them that
the company’s next-generation drive would need a read
channel at 240 Mb/s—could Marvell deliver?

Pantas recalls that, even though they had been designing
to 180, the chip was already running at close to 240. They
told Burns yes. In less than three months the Marvell team
hit the 240-Mb/s mark, and Seagate became Marvell’s first
customer. “That changed everything,” Pantas says.

MARVELL NOW HAD an easier time getting its next cus-
tomers, particularly in the Japanese market, says Sehat.
“The Japanese customers cared more about the technology
instead of the perceived risk of dealing with a small com-
pany.” Today, in terms of units sold, Marvell has about
60 percent of the market for hard drive systems-on-a-chip.
“This little start-up, with one product line, put Texas
Instruments out of the read-channel business,” Ohr says.

Marvell then turned its sights on the Ethernet indus-
try because, as with the disk drive read channel, Ethernet
chips extract analog signals from a noisy environment.
The company got a jump start in 2000 by acquiring Galileo
Technology, a company that built controllers for data net-
working. Today Marvell is the second largest supplier of
Ethernet transceivers and switches.

Next came Wi-Fi. Most Wi-Fi products at that time were
cards with an array of components, but Marvell again blew
the competition away when it announced single-chip Wi-Fi
in 2005. The Wi-Fi market today brings in about 20 percent
of Marvell’s revenue.

These days, Marvell, along with many of its competitors,
is building not just simple processors but what the indus-
try refers to as platforms. That is, it puts together in one
package most of the key electronic components for a device.
Flint Pulskamp, an analyst with market research firm IDC,
says designing platforms rather than single chips makes
it easy for the customer and also presents a higher bar-
rier to competition. Marvell now has platforms for smart-
phones, including Android devices, Wi-Fi networking, and
Ethernet communications. Its platforms are also in two of
the three top game systems (Sony’s and Microsoft’s) and a
number of e-readers, including the original Kindle. Earlier
this year, right after the company introduced a tablet refer-
ence design it calls Moby for use in $99 tablet computers, the
One Laptop per Child association announced that it would
use the Moby design in its XO-3 tablet. Next on Marvell’s
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agenda: LED lighting, which requires a surprising amount
of control electronics.

Justas Sehat had done as a teenage tinkerer, a grad student,
and a young circuit designer, he’s continued to push Marvell’s
engineers to rethink conventional designs to get a leap in per-
formance. Sehat’s Berkeley office mate Lewis believes that’s
how the company gets the edge on its competition, by mak-
ing countless little things slightly better. “You put enough of
those things together, and you have a product that is signifi-
cantly better,” Lewis says.

IF MARVELL’'S ASCENT sounds like the plot of a Disney
musical, keep in mind that every good

TODAY MARVELL HAS offices in 15 countries, and its
cofounders are billionaires. Yet at heart, Sehat is still an engi-
neer, and the corporate culture reflects that.

“We are an engineering-driven company,” Sehat says.

“A nerdy company,” Dai says.

You see that in the hiring. A vast majority have electrical
engineering degrees—and not just those doing design work.
Investor relations vice president Palmer, for instance, holds a
BSEE from George Washington University. “It doesn’t mean
that someone who doesn’t have an engineering degree could
not be hired as a marketing person,” says Sehat. “It’d just
make it harder.”

story has its moment of crisis. For the
company, that point came in 2008,
when the U.S. Securities and Exchange
Commission accused the company of
backdating stock option grants. The IF
same charge was made against a num-
ber of tech companies at that time.

Jeff Palmer, vice president of inves-
tor relations for the company, explains
it this way: “In the late ’90s and 2000,
when there was a land rush to hire
people, potential employees asked
for options at price points in the past.
There is nothing illegal about granting
stock options below market rate. The
issue is if you don’t document them
in your [SEC] filings. This happened
at many, many, many companies. We
fought the charge, because we believed
that we had done nothing fundamen-
tally wrong, and none of the founders
enriched themselves personally.”

PUT

ADVANCED STUDY PROGRAM

Enroll in MIT classes over one or
more semesters, full or part time.

As an ASP Fellow, you will:

> investigate the latest advances in your field

However, as chief operating officer,
Dai was in the hot seat, dealing with
issues she wasn’t exactly comfort-
able with. “I'm a software engineer,”
she says. “I never even took a finance
class. Finance, legal, all of those com-
pletely make a dark side.”

Marvell eventually reached a

» design a curriculum to meet individual
and company goals

» access the full range of MIT courses
and resources

> build a lifelong network of colleagues

settlement with the SEC. Without
admitting or denying the allega-
tions, it paid $10 million in fines, and
Dai herself paid $500 00o0. In addi-
tion, Dai agreed to step down as chief
operating officer; she now holds the
hazy-sounding position of cofounder,
vice president and general manager
of communications and consumer
business. She says she is not allowed
to talk about the case but points out
that the change in title hasn’t changed
what she does at the company, which
she calls being the “caretaker” of the
big family inside Marvell and its cus-
tomers outside. “An unfortunate tsu-
nami hit,” she says, “but everybody
knows who I am and what I do, and
so life goes on.”

Accepting applications for Spring 2011
Classes begin February 1

http://advancedstudy.mit.edu/spring
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Sehat describes his management philosophy as a com-
bination of two famous Silicon Valley styles: the “only the
paranoid survive” mantra of Intel’s former CEO Andrew
Grove, and Hewlett-Packard’s “management by walking
around,” which encourages executives to interact more
with their employees.

Both styles come naturally to Sehat. “We’ve always been
paranoid, from day one when we started the company,” he
says. “We always thought the other guys could [beat] us. So
we needed to build something even better.”

“1'm e bik navow -minded .
[ only Su.“uth‘ ntermS of

lecArymeS

And his designers confirm that even now Sehat won’t hesi-
tate to roll up his sleeves and dive into the most difficult project.
He keeps up on the technical literature and every week conducts
random reviews of projects in the design stage. If his engineers
tell him that a task will take two weeks, “Sehat will tell them it
can be done in x number of hours or days,” says Gani Jusuf, an
early employee and now a vice president. “Newcomers think he
is trying to put pressure on them, but he’s not. It’s that he is four
steps ahead of everybody in quickness, and he can do it that fast.”

—Sehat Sutardja
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And, says Jusuf, he “walks the walk. He may tell an engi-
neer in a design review to change a layout. The designer will say,
‘I can’t do that in time.” And Sehat will go back to his office for a
while, then come out with the new layout and say, ‘Here you go.””

LATELY, THOUGH, Sehat finds himself being forced out
of his EE comfort zone and moving onto a more visible stage.

“Inever wanted to be involved in politics, because I thought
it was not productive for me or the company,” he says.

But the economic and environmental impacts of the semi-
conductor technology he has worked so hard
to advance have started to worry him. “We
can now build practically anything in a chip
or two, at low cost, for less than the cost of
maybe two cups of coffee,” he says. “And
every one of these devices will consume
energy. In the next 10 years we’ll be build-
ing 50 billion, 100 billion units of these new
devices, all consuming energy. And we’ll be
in trouble very, very quickly.”

As part of an industry that is creating this energy-
sucking monster, he feels obligated to try and tame it. “We
don’t have 10 years to solve this problem,” he says. “We don’t
even have 5 years.”

Sehat is now a regular visitor to Washington, D.C., where
he’s been pushing energy conservation standards for small
consumer electronics devices. Marvell this year helped
write the Smart Electronics Act, HR5070, introduced by
U.S. Representative Michael Honda, a Democrat who rep-
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resents the Silicon Valley area. The bill calls for the U.S.
Department of Energy and the Environmental Protection
Agency to draft testing protocols for such devices. Marvell
is also working with the California governor’s office on a
similar initiative for the state.

As you might expect, Sehat has already taken an exhaus-
tive look at existing power supply technology, and he doesn’t
like what he sees. The design hasn’t changed in decades, he
notes, even though it’s now possible to build in circuitry
that would keep the voltage in phase with the current and
thereby improve efficiency. “Technology has advanced so
drastically over the last 20 years that we can implement this
function practically for free,” he says. Of course, he isn’t
blind to the business opportunities; Marvell is busy devel-
oping circuitry for such improved power supplies.

Sehat is also using his personal fortune to support tech-
nology education: “With the support of higher education
diminishing, 'm afraid [the United States] will fall behind
countries like China.” He and Dai have donated more than
$20 million to Berkeley to complete the new headquarters
for the Center for Information Technology Research in the
Interest of Society—otherwise known as Sutardja Dai Hall.
Their two sons now pass it daily as EE students there.

But his riches haven’t changed his lifestyle. He and
his wife carpool to the office most days (admittedly in a
Mercedes sedan); they don’t own a yacht or vacation home.
They eat most of their meals at work, where the cafete-
ria usually offers a Chinese meal along with more typical
Silicon Valley fare. They work until 7 or so and then drive
home together, typically talking shop.

In the evening, Sehat often relaxes by turning on the
SyFy channel, which he half watches while sketching cir-
cuit designs. Or he might kick back with the latest IEEE
publication, whether it’s IEEE Spectrum or the IEEE Journal
of Solid-State Circuits. And that is pretty much the extent of
his leisure activities.

“I'm a bit narrow-minded,” he says. “I only see things in
terms of electronics.”

Can that strict engineering approach continue to work
for Marvell? It’s not the scrappy little start-up anymore;
itis now a formidable company with shareholders to please
and quarterly targets to meet. For Marvell to continue to
grow, says Sergis Mushell, an analyst with Gartner, the
time has come for it to lead. He believes the company now
needs to identify a killer app and open a new market on its
own, rather than focusing on incremental changes to exist-
ing products. “That’s not an easy thing,” he says. “Many
companies get to this point and struggle.”

“Having a CEO so involved on the engineering side” may
make it tough for original ideas to percolate through the orga-
nization, he adds. But so far, he says, Marvellis heading in the
right direction. The company, with its platforms for tablet com-
puters, smartphones, and e-readers, is trying to create addi-
tional markets for mobile, low-power processors.

And, while Sehat and his cofounders could certainly
afford to retire tomorrow, Marvell remains their singular
passion. Says Dai, “This is just the beginning for us. Our
mission is long term. There’s so much we ought to do. It’s a
48-hour-a-day job still.”

For Sehat, the need to keep creating semiconductor-
based technology springs from something even more basic.

“I don’t know anything else,” he says. a
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B BAYLOR

The Electrical and
Computer Engineering
Department of

Baylor University

seeks faculty applicants in all areas of electrical and computer
engineering, with preference in the areas of cyber-physical
systems (i.e., embedded systems, computer/network security, and
sensor networks) as well as power and energy. The department
anticipates filling three positions in August 2011 and approxi-
mately seven more over the next five years, and invites applicants
at any rank. All applicants must have an earned doctorate and
arecord of achievement in research and teaching; applicants at
the ranks of associate or full professor must also demonstrate a
record of sustained research funding. The ECE department offers
B.S., M.S., M.E. and Ph.D. degrees and is poised for aggressive
expansion of its faculty and facilities, including access to the
Baylor Research and Innovation Collaborative (BRIC), a newly-
established research park minutes from the main campus.

Chartered in 1845 by the Republic of Texas, Baylor University

is the oldest university in Texas. Baylor has an enrollment of
approximately 15,000 students and is a member of the Big XII
Conference. Baylor’s mission is to educate men and women for
worldwide leadership and service by integrating academic excel-
lence and Christian commitment within a caring community. The
department seeks to hire faculty with an active Christian faith;
applicants are encouraged to read about Baylor’s vision for the

Application reviews are ongoing and will continue until
available positions are filled. Applications must include:

2) a complete CV,

3) a statement of teaching and research interests,

4) the names and contact information for at
least three professional references.

Additional information is available at
www.ecs.baylor.edu.

Send materials to

Dr. Robert Marks

Baylor University
One Bear Place #97356
Waco, TX 76798-7356

or by email to Robert_Marks@haylor.edu.

Baylor is a Baptist University affiliated with
the Baptist General Convention of Texas. As an
Affirmative Action/Equal Employment Opportunity
employer, Baylor encourages minorities, women,
veterans, and persons with disabilities to apply.
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THE PETROLEUM INSTITUTE

FACULTY POSITIONS

Electrical Engineering

Electrical Engineering Department
is seeking applications for the following positions:
Chair Professor, Distinguished Professor

Professor, Associate Prof

r, Assistant Professor
Senior Research/Teaching Associate

Research/Teaching Associate

Applicants with research interests and experience in one or more of the following areas:
instrumentation and m rements, smart sensors wm ology, condition monito
power qualily, power systems. and with interest in applications in the
are especially encouraged to apply.

Department faculty will be expected to teach undergraduate and graduate courses,
develop an active research pregram, and to engage in professional and institutional
service activities. Opportunities to interact with Pl industrial stakeholders and other local
Industries will be a key feature in the development of a research program.

Institution: The Petroleum Institute (Pl) was created in 2001 with the goal of establishing
itself as a world-class institution in engineering education and research in areas of signi-
ficance to the oil and gas and the broader energy industries. The PI's sponsors and affiliates
include Abu Dhabi National Qil Company and several major international oil companies,
namely Shell, BP, Jodco and Total. The campus has modern instructional laboratories and
‘elassroom facilities and is now in the planning phase of three major research centers on its
eampus. The Pl is affillated with the Colorado School of Mines, the University of Maryland
Lollege Park), the University of Minnesota and Johannes Kepler University in Linz, Austria.
t additions to collaborating institutions include Rice University and University of
as, Austin. The growth of the Pl is instrumental to meet the business and research needs
fthe fast growth of the UAE industry. For additional information, please refer to the PI

bisite: www.pi.ac.ae.

For details on the positions and to submit your application, please go to:

http://www.pi.ac.ae/jobs

Review of applications will begin immediately
and will continue until successful candidates are selected.
Only shortlisted applicants will be notified.

integration of faith and learning at www. baylor.edu/about/vision.

1) a letter of interest that identifies the applicant’s anticipated rank,
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The Department of Electrical
and Computer Engineering,
University of Utah, Salt Lake City,
THE i seeks applications to fill one or more
UNIVERSITY tenure-track positions at all levels.
We are particularly interested in
OF LA candidates with expertise in analog
and mixed-signal electronic circuits; electric power system dynamics
with focus on distribution system and micro-grid; and RF/microwave
electromagnetics. Qutstanding applicants in other areas will also be
considered. Information on department research activities and curricula
may be found on the web at

www.ece.utah.edu.

Faculty responsibilities include developing and maintaining an interna-
tionally recognized research program, effective classroom teaching at the
undergraduate and graduate levels, and professional service. Résumés
with names and contact information for at least three references should
be sent to Ms. Debbie Sparks, Faculty Search Committee, University of
Utah, Electrical and Computer Engineering Department, at dsparks@
ece.utah.edu. Applications will be reviewed starting November 1,
2010, and will be accepted until the positions are filled. Applicants must
hold a Ph.D. by the time of appointment. The University of Utah values
candidates who have experience working in settings with students from
diverse backgrounds and possess a strong commitment to improving
access to higher education for historically underrepresented students.
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DISCOVER

WHAT IT MEANS TO BE...

THE

ARE YOU THE ONE? As a leading manufacturer of automobiles and automotive products, Ford
Motor Company is searching for several highly skilled and motivated candidates in the areas
of batteries and electric machine drives to support the development of current and future
hybrid electric and battery electric vehicles in our Product Development and Research &
Advanced Engineering organizations. Potential candidates with a strong background in the
following areas are encouraged to apply:

Battery Engineering Openings

* Thermal and Cooling Engineers - Experience with designing and testing of HV Battery
thermal management system for automotive applications along with a good working
knowledge of CAE tools

* High Voltage Electrical and EDS Engineers - Experience with designing and testing of HV
EDS systems, specifically with hands-on experience designing HV electrical interfaces

¢ Battery Controls Engineers - Experience with specifying and designing automotive
controllers, including hands-on experience in low level driver software development and
controller testing.

Electric Machine Drive Controls Engineers
Experience developing control systems for electric machine drives, including hands-on
experience testing and calibrating electric machine drive systems

Electric Machine Engineers
Experience manufacturing, developing or testing electric machines with a specialty in electric
machine design

Power Electronics Engineers
Experience designing, manufacturing, developing or testing power electronic systems with a
specialty in power electronics, power semiconductors or power module packaging

Energy Storage Research Engineers
Experience researching, developing or testing energy storage devices and related materials

We welcome you to find out what it means to be THE ONE and discover an automaker that
thinks about more than just cars. View a complete listing of available opportunities and apply
online at www.careers.ford.com.

We have a commitment to our products and customers, but also know that our employees are
the driving force behind our success. Find out what it is like to love your job. Come discover a
company that is focused on designing better cars, but also cares about you, your family and
your community. By choice, we are an Equal Opportunity Employer committed to a culturally
diverse workforce.

www.careers.ford.com Ford Motor Company
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% The Edward S. Rogers Sr. Department
" | of Electrical & Computer Engineering

Y UNIVERSITY OF TORONTO

The Edward S. Rogers Sr. Department of Electrical and Computer
Engineering at the University of Toronto invites applications for
faculty positions, starting July 1, 2011, in the following three areas:

1. SYSTEMS CONTROL Applications are welcomed from outstanding
candidates in all areas of systems control, including candidates whose
research is interdisciplinary in nature. Applications for this position
should be addressed to Professor Manfredi Maggiore, Chair of the
Systems Control Search Committee, and sent to:
ConirolSearch@ece.utoronto.ca.

2. ELECTROMAGNETICS Research areas of particular interest include:
biomedical applications of electromagnetic waves, microwave devices
with emphasis on nanoscale effects, novel electromagnetic materials,
microwave circuit integration/packaging, RF MEMS, remote sensing
and radars. Applications for this position should be addressed to
Professor George Eleftheriades, Chair of the Electromagnetics Search
Committee, and sent to: EMSearch@ece.utoronto.ca.

3. ELECTRICAL ENERGY SYSTEMS Research areas of particular
interest include: power system dynamics, power system automation,
protection, integration of renewable energy sources/storage, and
other emerging technologies within the scope of power systems.
Applications for this position should be addressed to Professor Peter
Lehn, Chair of the Energy Systems Search Committee, and sent to:
EnergySearch@ece.utoronto.ca.

Successful candidates are expected to pursue excellence in research
and teaching at both the graduate and undergraduate levels, and
must have (or be about to receive) a Ph.D. in the relevant area.

The ECE department ranks among the top 10 in North America. It
attracts outstanding students, has excellent facilities, and is ideally
located in the middle of a vibrant, artistic, and diverse cosmopolitan
city. The department offers competitive salaries and start-up funding,
and faculty members have access to significant Canadian operational
and infrastructure research grants. Additional information on the
department can be found at: www. ece.utoronfo.ca.

Applicants must submit their applications by email to one of the three
email addresses given above. Please submit only Adobe Acrobat PDF
documents and include a curriculum vitae, a summary of previous
research and proposed new directions, and a statement of teaching
philosophy and interests.

Applications should be received by January 15, 2011.

The University of Toronto is strongly committed to diversity within
its community and especially welcomes applications from visible
minority group members, women, Aboriginal persons, persons with
disabilities, members of sexual minority groups, and others who may
contribute to the further diversification of ideas.

All qualified candidates are encouraged to apply; however, Canadian
citizens and permanent residents will be given priority. Salary will be
commensurate with qualifications and experience.

UNIVERSITY OF TORONTO

The Edward S. Rogers Sr. Department of
Electrical & Computer Engineering

10 King’s College Road

Toronto, ON, Canada M5S 3G4

UNIVERSITY OF BRITISH COLUMBIA
Electrical Energy Systems

The Department of Electrical and Computer Engineering
at the University of British Columbia (UBC) invites
applications for a tenure track position at the rank of
Assistant or Associate Professor in the following area:

s Electrical Energy Systems (particularly
pertaining to the development of the “smart
grid”, power systems engineering, electrical
energy generation, conversion, maintenance,
management & delivery).

Applicants must have either demonstrated or possess a
clear potential and interest in achieving excellence in
research and teaching. Successful applicants will preferably
have relevant industrial experience and be active in
enhancing educational and research links within the
community. All faculty members are expected to teach at
both undergraduate and graduate levels, and to supervise
graduate students. A Ph.D., or equivalent, in an appropriate
area is expected. Registration as a Professional Engineer in
British Columbia is required within five years of the
appointment. This appointment is expected to commence 1
July 2011.

The successful candidate will have a close association
with UBC’s Clean Energy Research Centre (CERC) and
The Institute for Computing, Information and Cognitive
Systems (ICICS). Significant start-up funding to new
faculty may be offered through the Canada Foundation for
Innovation (CFl), the Canada Research Chairs Program,
and other sources.

UBC is rated among the top 40 research intensive
universities worldwide. The campus is surrounded by
parks and water, and is located on an attractive peninsula
in what the Economist recently rated one of the most
liveable cities in the world — Vancouver. The Department
currently consists of approximately 50 faculty members,
nearly 800 undergraduates and more than 400 graduate
students, and has the largest graduate program on
campus with a strong interdisciplinary research culture
and a history of pioneering contributions and innovations
in power and energy areas. Clean energy and
sustainability are the key thrusts for the UBC campus as a
“Living Laboratory” for interdisciplinary research,
demonstration of new technologies, and industrial
partnerships. Additional information is available at
http://www.ece.ubc.ca/.

Review of applications will begin 1 January 2011 and
continue until the position is filled. The University of British
Columbia hires on the basis of merit and is committed to
employment equity. All qualified candidates are
encouraged to apply; however, priority will be given to
Canadian citizens and permanent residents of Canada.
The nature of an appointment as Assistant or Associate
Professor and the criteria for achieving tenure are
described at the University’s faculty relations site:
http://www.hr.ubc.ca/faculty_relations/careers/tenure.html

To apply, please submit your cover
letter and cv online at
http://hr.ubc.ca/careers/faculty.

UBC hires on the basis of merit and is committed to
employment equity. We encourage all qualified persons to
apply; however, Canadians and permanent residents of
Canada will be given priority.
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and mak
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Ourwindturbines generate CO,-f
electricity to millions of households
worldwide.

Read more and apply at vestas.com/jobs
Power your life - Vestas offers you challenging
career opportunities within a global organisati-
on. As the world's leading supplier of wind power
solutions, we have delivered more than 40,000
wind turbines in 65 countries. Over 20,000
employees are eager to welcome new, dedicated
colleagues on our journey to a more sustainable
future. Would you like to join us?

Immediate opportunities at Vestas include
more than 150 challenging positions globally
within electrical and power plant engineering,
quality engineering, materials, project man-
agement, products and design engineering,
mechanics, systems engineering, construction
management and various other specialist fields.
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UNIVERSITY OF

NOTRE DAME

Open Faculty Positions in Electrical Engineering

The University of Notre Dame invites applications and nominations for open tenured or
tenure-track faculty positions in the Department of Electrical Engineering.

Two new hires are anticipated, and candidates at all levels — from assistant professor to full
professor with an endowed chair — are encouraged to apply. All technical disciplines will be
considered, with a special interest in two:

o electronic materials and devices;
o systems and control.

Expert Information from Experts.

Download a free
white paper today!

Senior-level appointments will require an outstanding record of achievement and interna-
tional stature. Recent (or imminent) doctoral graduates with demonstrated research prowess
and exceptional promise are encouraged to apply for junior-level positions.

Notre Dame’s Department of Electrical Engineering provides access to a wide array of exception-
al facilities. Most notably, Stinson-Remick Hall of Engineering opened in January 2010, and it
contains state-of-the-art facilities for device fabrication and semiconductor material processing.

All positions require a Ph.D. in electrical engineering or related area. Those interested
can apply on-line at http://ee.nd.edu/apply or by sending a cover letter, curriculum
vitae, and two-page statement of research and teaching interests to: Prof. Tom Fuja, Chair
— Department of Electrical Engineering, 275 Fitzpatrick Hall, University of Notre Dame,
Notre Dame, IN 46556.

www.spectrum.ieee.org/whitepapers

The University of Notre Dame is an equal opportunity employer. We particularly

invite applications from women and members of groups that are under-represented

in science and engineering.

National Chiao
Tung University at
Hsinchu, Taiwan:
Department of Electri-
cal Engineering invites
applications for several
tenure track faculty po-
sitions at all levels.
Areas of interest include microwave IC and antennas
technologies, communications and multimedia
signal processing, broadband networking, mobile
and cloud computing, communication theory and
system design, intelligent robat, intelligent vehicle,
biomedical mechatronics, biomimetics, control
system, power electronics and their new application
technologies to renewable energy systems, biomedi-
cal electronics, green power electronics, and micro-
sensor devices/systems. Candidates should have a
Ph.D. degree in related fields, have demonstrated

Microsoft
Internships with the
Microsoft® Healthcare

Innovation Laboratory
Washington, District of Columbia

Microsoft’s Health Solutions Group, in conjunc-
tion with Microsoft® Research, has an immediate
opening for an internship position exploring the
application of augmented reality via Slate PCs and
Windows 7 mobile phones in healthcare.

Additional internship topics of interest include cloud
computing, unified communications, human-com-

spectrum

record of research accomplishment in these areas
and strong commitment to excellence in teaching.

Please send (or e-mail) curriculum vitae and names
of at least three references with both postal and
e-mail addresses to Prof. Chau-Chin Su, Head, De-
partment of Electrical Engineering, National Chiao
Tung University, 1001 Ta Hsueh Road, Hsinchu,
30056 Taiwan (e-mail: ccsu@mail.nctu.edu.tw).
Review of applications will commence in December
2010 and continue until the positions are filled.

The department has 80 full-time faculty members
and more than 800 graduate students. For more
information about the department please visit our
web-site at

http://www.eed.nctu.edu.tw/main.php
Tel:+886-3-5166336 Fax: +886-3-5166331

puter interaction and touch wall / ultra-scale display
technology. Interns will have the opportunity to de-
sign and build novel solutions in these areas and ex-
amine the impact of this technalogy in a real-world
healthcare environment.

Applications will be considered for students cur-
rently enrolled in PhD or Masters programs in Com-
puter Science who demaonstrate exceptional skills
in G#/.NET and Windows Presentation Foundation.
Stipend and expenses paid.

Contact: Hank Rappaport, MD
Email: M3L_int@microsoft.com

More information, including an online application,
can be found at http://research.microsoft.com/
en-us/jobs/intern/medicalmedia.aspx
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Novel Products and Systems
are yours to Design

Be in the forefront in changing the way the world functions. Be part of this exciting opportunity to push
the boundaries of designing tomorrow’s products and their larger systems, today.

The Singapore University of Technology and Design (SUTD), established in collaboration with the Massachusetts Institute of Technology (MIT), is
seeking exceptional faculty members in the area of Engineering Product Development and Engineering Systems and Design for this new
university slated to matriculate its first intake of students in April 2012.

SUTD, the first university in the world with a focus on design accomplished through an integrated mutli-disciplinary curriculum, has a mission to
advance knowledge and nurture technically grounded leaders and innovators to serve societal needs. SUTD is charactertized by a breadth of
intellectual perspectives (the “university”), a focus on engineering foundations (“technology”) and an emphasis on innovation and creativity
(design). The University’s programmes are based on four pillars leading to separate degree programmes in Architecture and Sustainable Design,
Engineering Product Development, Engineering Systems and Design, and Information Systems Technology and Design. Design, as an academic
discipline, cuts across the curriculum and will be the framework for novel research and educational programmes.

MIT’s multi-faceted collaboration with SUTD includes the development of new courses and curricula, assistance with the early deployment of
courses in Singapore, assistance with faculty and student recruiting, mentoring, and career development, and collaberating on a major joint
research projects, through a major new international design centre and student exchanges. Many of the newly hired SUTD faculty will spend up
to year at MIT in a specially tailored programme for collaboration and professional development.

FACULTY MEMBERS (ENGINEERING PRODUCT DEVELOPMENT / ENGINEERING SYSTEMS AND DESIGN)

The gualifications for the faculty position include: an earned doctorate in Engineering disciplines, such as Electrical, Mechanical, Industrial,
Aerospace, Biomedical, Chemical, Materials or Civil / Environmental, a strong commitment to teaching at the undergraduate and graduate levels,
a demonstrated record of or potential for scholarly research, and excellent communication skills. We invite applications for faculty appointments
at all levels, with many opportunities available in particular at the Assistant and Associate Professor levels. Duties include teaching of graduate
and undergraduate students, research, supervision of student research, advising undergraduate student projects, and service to SUTD and the
community. Faculty will be expected to develop and sustain a strong research programme. Attractive research grant opportunities are also

available.

| I E—
Successful candidates can look forward to internationally competitive remuneration, — " “ = |
and assistance for relocation to Singapore.
If you want to be part of the founding faculty with a focus on Engineering Product SINGAPORE UNIVERSITY OF
Development or Engineering Systems and Design, please apply to SUTD at TECHNOLOGY AND DESIGN
www.sutd.edu.sg/careers.htm Established in collaboration with MIT
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Amazon.com (#7)

$2000

App

Tech Stocks vs. Top Bananas
Top performers, tech vs. nontech
stocks, 2002-2009

$4000

ES, SUPERMAN, we know—
Ycrime doesn’t pay. But neither
do tech stocks.

In an analysis for IEEE Spectrum,
Kevin J. Murphy of the Marshall
School of Business at the University
of Southern California ran a simple
algorithm that “invested” US $100
in the top 1500 companies listed in
Standard & Poor’s in early 2002—
after the dot-com crash wreaked
its havoc. And, assuming the
investor reinvested all the stock’s
dividends, Murphy tracked the
portfolio’s value through the end of

Sources: Standard

& Poor’s S&P 500,
SmallCap 600, MidCap
400 listings; S. Morgan
Friedman’s inflation
calculator (http://
westegg.com/inflation)

64 INT - IEEE SPECTRUM - NOVEMBER 2010

@%ﬁectrum Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

[
$2390

°
° $817
XTO Energy (#10)

{ ]
$1294
Hologic (#6)

° 3869
Tenneco (#9)

$1007
Crown Holdings (#8)

°
$2915

International

le (#4)

Chiguita Brands

$2109
Cliffs Natural Resources (#5)
°
$2624
Newmarket (#3)
°
$3708
Southwestern Energy Co.
(#10f1065)
Proportion
of companies
(#2) that...
57%
33%
..beat
inflation
...did worse
thaninflation
43%
ALL
67%
TECH

High-Tech Companies
Are Low-Grade Investments

20009, for the 1065 companies that
were still listed.

Tech performed abysmally. Of the
118 tech stocks, 79 of them didn’t
even beat inflation. Just picking the
first 118 stocks in alphabetical order
beats the tech index by 25 percent.
By comparison, the 110 mining and
utilities companies on Murphy’s
index had an average return of
$285 on the $100 investment,
outperforming tech’s $138 return by
more than two to one.

Just about the only two standout
tech companies were—no big

surprises here—fourth-place Apple
(which returned $2390 on the
$100 investment) and seventh-
place Amazon.com (which returned
$1243). One genuine surprise was
Chiguita Brands International,
which came in second on Murphy’s
index, just behind mining and utility
superstar Southwestern Energy Co.
If you'd dropped $100 on this fruit
company in 2002, you’d have had
$2915 by the turn of the decade.
So, the adage is sort of right—
an Apple a day...but even better,
a banana. —Mark Anderson

SPECTRUM.IEEE.ORG
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Can semantic technologies
make the Web truly worldwide?

Find the latest telecommunications
: 3 research in IEEE Xplore

; \% Wherever you find people developing the most advanced
telecommunications technology, chances are you'll find
them using the IEEE Xplore digital library. That's because
IEEE Xplore is filled with the latest research on everything
from wireless technology and optical networks—to a
semantic Web that can connect people around the world.

When it comes to telecom, the research that matters is
in IEEE Xplore.

See for yourself. Read “Toward a New Generation of
Semantic Web Applications,” only in IEEE Xplore.

Try IEEE Xplore free— \

visit www.ieee.org/betterinternet

IEEE Xploreé.DigitaH.ibrary

Information driving innovation g
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Use SIMSCAPE with SIMULINK
to model and simulate the plant
and controller of an embedded
system. Assemble your model with a
graphical interface, or import physical
models from CAD systems. Use built-in
components or create your own with
the Simscape language.
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