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COVER STORY

36 THE WORLD'S BEST
GALLIUM NITRIDE

A small Polish company has established a huge technical edge
by building a sine qua non of semiconductor manufacturing:
nearly perfect crystals of gallium nitride. By Richard Stevenson

24 THE TROUBLE WITH MULTICORE

When chipmakers started building multicore microprocessors,
the already-tough job of software development became much tougher.
By David Patterson

30 CELLPHONE CRIME SOLVERS

These days, clues to a crime often hide within cellphones. But
extracting this valuable information is tricky. By Richard P. Mislan

42 FROM BRICKS TOBITS

With Lego Universe, a new online game, the Danish toy company is
looking to remake its venerable building brick for the digital age.
By David Kushner

UPDATE

9 COMPUTING THE CAVEMAN

New software helped discover ancient
humans’ amour with Neanderthals.
By Prachi Patel

10 DANGER-SENSING
DRIVER’S SEAT

12 WIMAX AND SMART GRIDS

13 THE ROBOT BABY
REALITY MATRIX

14 Z-RAM TAKES ON DRAM

16 THE BIG PICTURE
That’s one small step for a man....

OPINION

6 SPECTRAL LINES
The FCC's rules for tinkerers need an
update. By David Schneider

8 FORUM

Do you copy? Here’s reassuring news
about letting it rip—ripping music to
CDs, that is.

23 REFLECTIONS

As computers get better and better,
does our attachment to them get less
and less? By Robert W. Lucky

DEPARTMENTS

4 BACK STORY
Lego bricks are this New York City
sculptor’s muse and medium.

5 CONTRIBUTORS

18 HANDS ON

With the addition of a simple webcam,
a cheap microscope is as good as the
pricey ones. By James Turner

20 GEEKLIFE

In his spare time, software engineer
John Rogers presides over one of
the world’s largest and strangest
conventions. By Susan Karlin

21 CAREERS

The employment outlook for engineers
isn't great, but it's not bad—especially
in aerospace, energy, and Europe.

By Prachi Patel

22 TOOLS & TOYS

Alienware doesn’t do anything by
halves—including its new turbo-
charged game-playing netbook.
By Harry Teasley

52 THE DATA

U.S. customers pay some of the
highest—and lowest—mobile phone
rates in the world. By Dana Mackenzie
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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 familiar CST design environment. This

complete technology enables

simulation

approach

unprecedented 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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MEDICINE IS NOT

ONE SIZEFITS ALL

Everyone is unigue—medically
speaking, that is. Tailoring
health care to each patient
used to depend on trial and
error, family history, and
doctors’ intuition. Today

it relies increasingly on
technology. Learn about
advances in individualized
health care discussed at a
meeting sponsored by the
American Medical Association
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ANTARCTICA: LIFE ON THE ICE

When IEEE Spectrum Executive Editor
Glenn Zorpette [left] traveled to Antarctica
this past January, he had unrestricted
access to U.S. bases and facilities, where
he interviewed scientists, bakers, bureau-
crats, technicians, disbursement clerks,
environmentalists, survival trainers, heli-
copter pilots, painters, a bartender, and a
masseuse. He captured the bleating of 3500
Adélie penguins in the world’s southern-
most rookery, the gentle trickling of
4000-year-old water from a glacier, and the
throaty roar of a drill boring a hole 2.5 kilo-
meters deep in polar ice. He spent a night at
the South Pole, interviewed field scientists
in one of Antarctica’s legendary ice-free
Dry Valleys, and visited the century-old
huts of explorers Robert Falcon Scott

and Ernest Shackleton. His special hour-
long podcast reveals a continent alive

with intellectual ferment, charismatic
creatures, and poignant human interest.

and the IEEE Engineering in
Medicine and Biology Society.

EXPLORING THE OCEAN
Researchers who want to

know more about the marine
environment, offshore structures,
and ocean vehicles will be able
to learn about these and other
topics at the Oceans 2010
conference, to be held 20 to

23 September in Seattle.

APPLYING SYSTEM
ENGINEERING IN HAITI

Nearly a dozen IEEE members
were involved in assisting the U.S.
military with data collection in
the aftermath of the earthquake
that struck Haiti in January.
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O HERE'’S ajob for you: Every

day, you go to a Manhattan

penthouse and build stuff
out of an essentially unlimited
supply of Lego building blocks.
You build a cello; a life-size Steven
Colbert, complete with business
suit; a stunningly realistic iPhone.
You even pull an all-nighter to build
aboy and his laptop for an IEEE
Spectrum feature story (“From
Bricks to Bits,” in this issue).

That’s life for Nathan Sawaya
[above], whose studio looks like an
8-year-old’s dream come true. It’s
full of objects instantly recognizable
and yet alien as well. Equally
impressive is the workroom, where
along every wall, individual bricks
fill plastic tubs stacked from floor
to ceiling. Sawaya figures he’s got
about 1.5 million individual bricks.
But in case a large commission
comes up, he keeps another 3 million
to 4 million in storage.

The New York City-based artist
used to work in more conventional
forms, but six years ago he switched
full-time to Lego bricks. Sawaya
builds these sculptures for such
clients as Donald Trump, who
wanted a 10-foot-high sculpture for a
hotel in Dubai. He also does fine-art
pieces for museums and galleries;
“The Art of the Brick” shows are
currently touring North America.

He’s not a Lego employee, but as
a “Lego Certified Professional”—one
of only nine in the world—he has a
special relationship with the com-
pany, which allows him to buy Lego
bricks at a steep discount. “I order
them by the pallet,” he explains. “It’s
not like there are lots of clients who
call and say, ‘I need 10 000 bricks of
this type.”” Even with his discount,
Sawaya says he spends six figures a
year on the bricks.

Lego bricks are pretty sturdy to
begin with, but for extra durability
Sawaya glues the pieces together as
he builds. That means that when a
brick ends up where it doesn’t belong,
Sawaya turns to a more traditional
sculpting tool: his chisel. m}
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= HARRY
CAMPBELL created
— anillustration for
“The Trouble With
i Multicore” [p. 24] that
depicts a multicore chip as a huge
open office with just one occupant.
“That guy at his desk represents the
only working core. The others are
out to lunch,” he says. Campbell
started out as a designer for
Nickelodeon and Warner Brothers,
where he did more humorous
illustrations. His current graphic
style works well for more conceptual
work, like his political illustrations
for The New York Times.

DAVID KUSHNER,
like many adults his
age, grew up playing
with Lego bricks and
z 4 now joins his kids on
Lego projects. While researching
the new computer game Lego
Universe, he wondered, “How could
you possibly do this online in a
way that’s authentic?” For “From
Bricks to Bits” [p. 42], the IEEE
Spectrum contributing editor
traveled to the game developer’s
headquarters in Denver to learn
what it took to solve that problem.

ROBERT LASKA
shot the photographs
for “The World’s Best
Gallium Nitride”

[p. 36] in the midst of
a natural disaster. Poland’s flooding
Vistula River nearly prevented the
photo shoot from taking place.
Normally a portraitist of Polish
celebrities, Laska found that
capturing flakes of gallium nitride
was a whole new challenge. He says
he never expected that a syntheti-
cally grown crystal, reflected in
sunlight, could be so beautiful.

RICHARD P.

] MISLAN, who wrote
“Cellphone Crime
Solvers” [p. 30], is
mourning the end of

the TV series “Lost,” a mystery that
couldn’t be solved by clues hidden
in a cellphone. Mislan is an assistant
professor for cyberforensics at
Purdue University, a consultant to
law enforcement, and director of the
annual Mobile Forensics World
conference. But he’s probably best
known for an appearance on a local
news show a few years ago. “About
once a week I still get a call from
someone concerned that her spouse
has installed spyware on her phone,”
Mislan says.

DAVID
PATTERSON quite
fittingly starts his
article, “The Trouble

! With Multicore”

[p. 24], with a sports analogy.
Patterson, a professor of computer
science at the University of
California, Berkeley, who pioneered
such now-common computer
technologies (and acronyms) as
RISC and RAID, is also an avid
soccer player and weight lifter.

“If programmers these days were
treated like sports champions,
maybe the U.S. programmers would
do better,” he says. “Or maybe not:
After all, there’s no steroid you can
take to improve your coding.”

RICHARD
STEVENSON got to
hold a 2-inch
(51-millimeter)

4 crystal of gallium
nitride “worth as much as a BMW
sports sedan” while touring the
Warsaw factory of its maker,
Ammono. The little company
makes these jewels better than just
about anyone else, which is why
the manufacturers of blue lasers
are beating a path to its door.
Richardson, based in Wales,
studied such compound semi-
conductors for his Ph.D. at the
University of Cambridge. “The
World’s Best Gallium Nitride”

[p. 361 is his third article on the
subject for Spectrum.
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Radio Daze

S A YOUNGSTER, I loved
reading about home-
brewed electronic proj-

ects. One, I recall distinctly,
was “a tuna-can radio,” a low-
power transmitter that could
be put in a package no bigger
than 5 ounces of albacore.

I thought about that circuit
again decades later when I
came across something called
a cantenna. Another mashup
of radio and recycling, this
homemade Wi-Fi antenna
can supposedly boost your
wireless range. A little
research revealed other
antenna configurations that
promised even better results,
including those of the FabFi
collaboration in Afghanistan,
which uses “common building
materials and off-the-shelf
electronics to transmit wire-
less Ethernet signals across
distances of up to several
miles,” according to the
Jalalabad FabLab’s Web site.

With that for inspiration,

I set about to rig my own high-
gain antenna. My ambition
was to access the Internet
through my community’s
downtown wireless network,
which is about 400 meters
from my house.

It would be a fine DIY
project, I thought, for this

magazine’s Hands On column.

I was wrong. The reason:
Federal Communications
Commission regulations
forbid what I intended to do—
despite the fact that high-gain
antennas designed to extend
the range of Wi-Fi equip-
ment are sold throughout the
United States. You can buy
these antennas from such
ubiquitous U.S.-based retail-

6 INT - IEEE SPECTRUM -

ers as Walmart and Office
Depot, for example. This
puzzling situation reveals
some interesting things, both
about the FCC’s legal author-
ity to police the airwaves and
about its ability to keep up
with the pace of technological
advance. Let me explain.
One of the relevant reg-
ulations—Part 15, section
15.23(a)—seemed to give

answered my questions,
citing specific entries in the
FCC’s knowledge database.
He explained that the
regulation on home-built
devices applied only to things
that were built from scratch,
not to modifications of FCC-
certified radio equipment.

So the rules wouldn’t, in
fact, allow me to build and use
the antenna I had envisioned.

people like me a pass to hack
such equipment together, so
long as “good engineering
practices” were used. The
problem was that another sec-
tion, 15.204(c), says, “[A trans-
mitter] may be operated only
with the antenna with which
it is authorized.” Confused?
I was too. So I sought clarifica-
tion from the FCC.

Rashmi Doshi, chief of
the laboratory division of the
FCC’s Office of Engineering
and Technology, patiently

JULY 2010

But why, then, could I

easily purchase high-gain

add-on antennas for Wi-Fi

equipment? Doshi explained:
“We do not regulate antennas
by themselves, as they do
not generate RF signals.
Accordingly, the sale of any

antenna, including a high-
gain antenna, is not illegal.
However, it is illegal to use

a high-gain antenna with

a transmitter which it is

not approved for.” Captain
Renault’s famous line from

Casablanca— I'm shocked,
shocked, to find that there’s
gambling going on here!”—
echoed in my brain.

In fairness to the FCC,
it may not have the legal
authority to outlaw the sale
of such antennas. What’s
more troubling to me is the
FCC’s interpretation of the
regulation intended to deal
with home-built equipment.
That seems as antiquated as a
tuna-can transmitter.

After all, these days radio
hackers—like those involved
with FabFi—are doing
extraordinarily interesting
things. But most of these
experimenters are building on
the shoulders, and circuits, of
other do-it-yourselfers, open-
source communities, and, yes,
equipment manufacturers.
Few people are still soldering
transistors together one
by one. Instead, they are
modifying commercial
equipment or building new
gear using existing RF boards
or modules. The definition
of “scratch built” is thus
quite murky.

Why not foster this creative
energy by including all of it
under the label “home built”?
The danger, I suppose, is that
it opens a door for an unscru-
pulous vendor to bypass FCC
rules by selling boxes that
anyone could plug together
and call home built. Perhaps
the FCC just needs to define
a home-built device as some-
thing requiring skills beyond
those of the typical consumer.
In an era when policymakers
struggle to figure out how
to boost young people’s
technical know-how, the FCC
should somehow recognize—
and even embrace—the way
today’s tinkerers work.

—DAVID SCHNEIDER
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Limited Only by Your Imagination

Drivers for

hundreds of sensors FPGA-based embedded
from LIDAR to GPS hardware for

drive-by-wire systems

Image processing and
acquisition libraries

Multicore algorithms
for real-time navigation
and control

Standard communication
including JAUS
and Ethernet support

RF LabVIEW graphical programming PRODUCT PLATFORM
software and modular NI hardware, such NI LabVIEW graphical

Medical as CompactRIO and PXI, are helping and textual programming
engineers develop fully autonomous NI CompactRIO embedded

control hardware
NI LabVIEW Real-Time Module
NI LabVIEW FPGA Module

Robotics robotics systems, including unmanned

vehicles designed to compete in DARPA

Multicore Grand Challenge events.

>> Find out what else LabVIEW can do at ni.com/imagine/robotics 866 337 5041
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+1212 4197570;
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CHARGE OF
THE ELECTRIC
BRIGADE
HERE WOULD
we be today if
automobile development
had not been sidetracked
by the gasoline-fueled
internal-combustion-
engine car? [“Top 10
Tech Cars,” April].
Just compare the
socioeconomic and
environmental impacts of
the infrastructure needed
to support gasoline-
powered vehicles versus
that needed to support
electric-powered ones.
Certainly, if the same
amount of money and
time—100+ years—that
were spent developing
gasoline-fueled cars
had been dedicated to
electric-powered cars,
many of the technical
problems and end-
product costs would not
be factors today.

ROBERT C. SPONGBERG
IEEE Life Member
Columbia, Md.
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STREET CRED
THE MAY Back Story
advises readers to

“search on “Tesla Street’
in Google Maps” to find
streets named after
Nikola Tesla. If you
search on “Telsa [sic]
Terrace, Madison, WI,”
you'll find a would-be
example right below
Marconi Street. The
electrical engineers

in Madison have been
trying to correct the
misspelling, but those
who live on the street
oppose changing the
name they have lived
with for so long.

JOHN G. WEBSTER
IEEE Life Fellow
Madison, Wis.

WIRELESS
POWER SURGES
AHEAD
E AT WiTricity
Corp. read

with great interest
“Electrons Unplugged”
[May] by David
Schneider and were
glad to see both the
promise and challenges
of midrange wireless
power transfer
systems explored in

a thoughtful manner.
His article focused on
experimental results
reported by MIT in the
journal Science in 2007.
The systems we build
today, while based on
the same science, are
more developed than
the system described
in the Science article.
Our current products
have passed regulatory
testing, and the plug-
to-device efficiencies
we achieve with

our highly resonant

systems exceed those of
commercially available
inductive proximity
charging systems. We
regret that because of
the proprietary nature
of our work, we were
not able to provide
more up-to-date
performance data for
Mr. Schneider’s article.

KATIE HALL

Chief Technology Officer
WiTricity Corp.
Watertown, Mass.

FOR THE RECORD

T’S FRUSTRATING to

see articles about digital
media that mention
illegal but unprosecuted
handling of media files
[“Your Very Own Cloud,”
Tools & Toys, May]. For
example, ripping your
music CDs to MP3 and
putting them on your
iPod is technically illegal
but not prosecuted

as a crime—until the
Recording Industry
Association of America
drags you into court and
piles on extra charges for
“commonplace” activities.

digital copyright
protections on the

disk, and even format
switching is looked
down on by the media
companies. If consumers
truly knew the scope

of the laws concerning
such commonplace
activities—which should
be perfectly legal under
the old laws of personal
possession and fair
use—they would be up
in arms.

MATTHEW BECKLER
Graduate Student Member
Pittsburgh

Editor Steven Cherry
responds: There is
nothing inherently
illegal about ripping a
CD to an iPod, nor is
it illegal to rip music
purchased from
iTunes or Amazon to
aCD. Thereisalsoa
wide variety of music
and video content in
the public domain or
freely available under
Creative Commons or
other licensing schemes.
If things were as dire

How do you propose as Beckler suggests,
people get digital copies there would be almost
of feature films to put nothing legal you

on the Pogoplug inyour  could do with a TiVo,
review? If you're ripping  a Slingbox, or Apple
them from DVD or TV. In a digital world,
Blu-ray, you've severely every recording and
violated the Digital every viewing, on every
Millennium Copyright server and every device,
Act by circumventing creates a new copy.
CORRECTION

In “The Saline Solution” [/EEE Spectrum Special
Report: “Water vs. Energy,” June], we mislabeled

the orange arrows in the illustration “Spin Cycle:
Better Pretreatment.” The arrows appear to indicate
centrifugal force but in fact were meant to illustrate
the particles’ separation from the rest of the water
in the membrane-free desalination system.

SPECTRUM.IEEE.ORG
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Computing the Caveman

New software helped decode the

Neanderthal genome

ECONSTRUCTING CAVEMEN
R from bits of fossil DNA is

still the stuff of science
fiction. But thanks to high-
powered computing wizardry,
we now have the blueprints you'd
need to do it. An international team
of scientists published the first
draft of the Neanderthal genome
in the journal Science on 7 May.
The study showed, somewhat
surprisingly, that early humans
and Neanderthals interbred and
that 1to 4 percent of the DNA in
modern Asians and Europeans
comes from Neanderthals.

The bulk of the credit for

decoding the Neanderthal goes

SPECTRUM.IEEE.ORG

to high-throughput sequencing
technologies developed in the past
five years, which turned bits of
ancient DNA into millions of short
strings of letters. But sequencing
the Neanderthal genome would
have been impossible without

the sophisticated software that
put all those millions of strings
together in the right order.

Both the sequencing and
computing of whole genomes have
come a long way in the nine years
since scientists first delivered
the DNA blueprints for humans.
Then, sequencing machines
read 330 000 base molecules
per day. (DNA contains a series

of four different base molecules:
adenine, cytosine, guanine, and
thymine, or A, C, G,and T.) The
latest machines made by I1lumina,
in San Diego, can sequence about
2 billion bases a day, amounting
to hundreds of terabytes of
data to store and analyze.

Assembling the human
genome was like putting together
a100-piece jigsaw puzzle without
any idea of what the picture
should look like. The computers
that were used to sequence the
3-billion-base human genome
had to sort through about a
hundred DNA fragments at
a time, each made up of 2000
to 3000 bases. An assembly
algorithm then compared these
fragments, found overlaps, and
strung together longer and longer
stretches of the sequence.

The difference between now

JULY 2010 -

|IEEE SPECTRUM -

ANCIENT
ANCESTOR:
Computer

code led to

the discovery
that there were
more than a

few human-
Neanderthal
assignationsin
the distant past.
This handsome
fellow is a
reconstruction at
the Neanderthal
Museum in

Krapina, Croatia.

PHOTO: NIKOLA SOLIC/
REUTERS
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update

and then, Neanderthal and human, is both
scale and complexity. DNA fragments
from fossil Neanderthal bones are very
short, having degraded to an average
length of only 50 bases, and there are
millions of them, not hundreds. Some of
these are chemically damaged in such a
way that one base has mutated into another.
And even worse, more than 96 percent of
the DNA sequences scientists obtained
came not from Neanderthals but from
microbes that have contaminated the
bones. To continue with the puzzle analogy,
you now have millions of very small pieces,
some with faded color, of which only a
few thousand belong to your puzzle.

“The challenge is to find a needle
in a haystack,” says Janet Kelso, a

computing time, even on a machine
with hundreds of processor cores at
work. Mapping is a common feature of
modern genetics research, but it can
fail with fossil DNA because of base
mutations. So the researchers have
developed their own mapping program,
called Anfo Short Read Aligner/Mapper.
Like conventional mappers, Anfo
cuts up the reference genome (that of
the humans and chimps) into small
“words” and arranges them in an index.
The 60-base sequences from the fossils
are then broken into 16-base words.
The algorithm looks for these words
in the index, assigns scores based on
similarity, and finds the best matches.
The key difference between Anfo and

bioinformatics regular mappers
researcher at is that the new
the Max Planck program takes
Institute for into account
Evolutionary knowledge
Anthropology, in scientists
Leipzig, Germany, have gained
where much of over years of
the sequencing sequencing
and data analysis fossil DNA.
was done. For example,
Luckily, the scientists have
completed found that
human and DELICATE DR!LLING: Th_e Neanderthal genome was degraded DNA
. decoded from just 400 milligrams of bone powder.
chimpanzee CHOTOR FRANK VINKEN fragments have
genomes can a high rate of

serve as reference pictures for the
Neanderthal puzzle—modern humans
and Neanderthals share about 99 percent
of their genome. “The computational
analysis of this is not terribly difficult
in concept,” says Richard Green, a
biomolecular engineering professor at
the University of California, Santa Cruz,
who led the computing efforts at Max
Planck. “Take all of these sequences and
align them against the human and chimp
genome.” That is, try to locate millions of
50-odd base sequences on the 3-billion-
base human and chimp genomes.

This process, called mapping, might
be conceptually simple, but in practice
it’s difficult enough to take days of

10 INT - IEEE SPECTRUM - JULY 2010

C to T mutations at the beginning of a
fragment and G to A mutations at the
end. So Anfo considers these factors in
determining whether a base is correct.

With two dedicated Linux clusters
totaling 500 processor cores, the program
takes about a week to sort through
the millions of fragments generated
by the sequencing machine, decide
which are Neanderthal and which
are not, and then put them in order.

Anfo is a work in progress, with
programmers adding upgrades regularly.
But improvements to sequencing
machines are doubling those devices’
outputs about every year. So coders will

have to race to keep up. —PRACHI PATEL

The Danger-
Sensing
Driver’s Seat

A car seat pokes you
in the ribs when an
accident looms

ODAY’S CARMAKERS

boast of their new vehicles’

cocoonlike qualities,
including the latest noise-reducing
features and great shocks that
smooth out those bumps on the
road. Myriad warning alarms are
designed to counteract the insular
environment when there’s trouble,
but Yale University engineers are
looking for a more subtle approach
to signaling: vibrating motors
and movable cams that send
signals straight from the seat back
to your back.

Such a system could be

particularly useful for warning

SPECTRUM.IEEE.ORG
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Number of atoms in a working transistor built at the University of New South Wales, in Australia.
The device is a step toward building solid-state quantum computers, researchers say.
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you of cars in your blind spot—an
area you can’t see with either the
side-view or rearview mirrors.
The blind spot is blamed for
sideswipe accidents that occur
by the hundreds of thousands
every year. Today’s blind-spot
monitors warn you by flashing
a signal in the rearview mirror
or on the car’s dashboard.

But according to John Morrell,
a former Segway engineer and
now an assistant professor of
mechanical engineering at Yale,
a visual signal is the wrong one
to send. The visual sense, he
says, is already saturated in
a car. On top of that, Morrell
adds, an alert that appears in
front of you about something
that’s behind you means you
have to translate the information,
costing crucial response time as
well as mental effort that could
distract you from other dangers.

Instead, Morrell’s lab has
designed a car seat that acts as
a tactile interface between the
driver and the environment. It

SPECTRUM.IEEE.ORG

uses vibrating
motors as well as
servos that press
on the driver’s
back to signal
the location of a following car.
The ultimate goal is a
“renaissance user interface,”
Morrell says of the design,
“using the mind and body to
the fullest.” The design was
inspired by his work at Segway,
where “every part of your body
is coupled into the experience.”
A demonstration setup
includes a modified car seat, a
steering wheel, foot pedals, and
a computer running an open-
source driving simulator called
TORCS, short for “The Open
Racing Car Simulator.” Twenty
cellphone-motor tactors are
arranged in a rectangular array
across the back of the seat. A car
coming up directly behind the
driver in the simulation activates
the center vibrators, while a
car to the right or the left will
activate the same-side vibrators,
giving the driver a directional
cue. The closer a car gets, the
more intense the vibration. Two
cams on each side add to the
signal strength by pressing on

. BUZZ,BUZZ: Vibrating

motors warn of cars in
a driver’s blind spot.
PHOTOS: ARTHUR MCCLUNG Il

the driver’s rib cage when a
car shows up on either side.
In their preliminary study,
the Yale engineers calculated the
time a driver spent with another
car in its blind spot during a
“commuting exercise.” Drivers
were also given simultaneous
math tasks to simulate distraction
during driving. The results
showed that the vibrotactile
feedback improved drivers’
performance over that attained by
using the rearview mirror alone.
It’s not the first
time engineers have
experimented with tactile
signals to compensate for
sensory overload during
driving. Researchers
at General Motors and
TNO, a Dutch research
organization, found that test
subjects could actually pick
up directional cues from
avibrating seat cushion
while driving. Such a
system could provide direct
navigation information or even
help warn of imminent collisions.
If systems like these turn out
to be useful, car interiors will
stay peaceful but may get more
informative. —ANNE-MARIE CORLEY
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SolarCells
on the
Cheap
Researchers led
by John Rogers
of the University
of Illinois

at Urbana-
Champaign
haveinvented
acheaper

way to build
devices that

use compound
semiconductors.
Their method
involves
growing stacks
of thin films of
semiconductor,
peeling off

the films one
byone,and
printing them
onto cheaper
substrates, such
assilicon or glass.
Thetrick could
lead to cheaper
solarcellsand
infrared cameras,
says Rogers.
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WiMax for
Smart Grids

The wireless network
is unpopular with
smartphones but
could succeed with
smart grids

ELLPHONE CARRIERS
are racing this
year to implement

4G wireless networks so that
future smartphones will
have access to a fire hose

of data. But the towers and
infrastructure the carriers
are putting in place may
ultimately facilitate as many
connections with appliances
and electric meters as they
do downloads of movies and
music. The electricity grid, in

other words, may be jumping

from no G to 4G—and rather
soon, according to analysts.
The reason, says Cecil
Taylor of Blue Hawk
Consultants, in Plano,
Texas, is the array of data-
rich applications expected
in the next-generation
electric grid: remote control
of household electricity
hogs like air conditioners,
perhaps via a smartphone
app; electricity price breaks
at off-peak hours, leading
to more automation for
running appliances like
dishwashers at night;
and the ability to sell
electricity generation
(from solar panels) and
storage (from a plug-in
hybrid) back to the grid.
Once smart meters start
appearing in the home,
they’ll need something

12 INT - IEEE SPECTRUM -

approaching broadband
speeds to handle those data-
rich applications. According
to Don Kintner of the
Electric Power Research
Institute, a city with a
million smart meters that
communicate just an hour a
day will end up transmitting
nearly 300 gigabytes

of data per year.

“If you’re a utility, you'd
better get it right,” says
Taylor. “If you're going to
start building a network
that’s going to last you
15 or 20 years, you're not
going to want a slow, ISDN
network. You’re going
to want a high-speed
broadband network.”

Kris Brown, smart-
grid investment advisor at
PricewaterhouseCoopers
in Houston, says he
thinks WiMax, a 4G IEEE
standard, could be that

“be-all, end-all” network, as
he puts it. Pilot smart grids
that use WiMax as part of
their data communications
have, in fact, already

been rolled out in San
Diego, Michigan, Texas,
and parts of Australia.

This summer, 4G
carrier Clearwire Corp.
will be launching 3- to
6-megabit-per-second
coverage with its cellular
partner, Sprint Nextel, in
at least 15 new markets
in the United States. By
summer’s end, Clearwire’s
network, which uses
WiMagx, will be running in
nearly 50 American cities.
Later this year and into
2011, Verizon Wireless and
AT&T will be launching
their own competing 4G

JULY 2010

networks using a technology
called LTE (for Long Term
Evolution). Many cellphone
carriers around the world
are also expected to adopt
LTE as their 4G standard—
including T-Mobile,
Vodafone, France Télécom,
and Telecom Italia.

carriers are going to bet on
LTE. And WiMax is finding
new applications, including
many in smart grids.”
According to Taylor, LTE
wireless networks will be
choked with users doing
high-bandwidth activities
like video chats and mobile

gaming, so
SMART-GRID SMACKDOWN those networks
aren’t going to
Broadband over Power  iookatisactive
Lines (BPL) vs. WiMax  cmras:
. companies.
Utilities
BPL 4G/WiMax will need
guaranteed
- Installation: Installation: bandwidth at
8 US $1000 $440 high and low
O per home per home traffic ti T
(estimated) (estimated) rathic m.les. o
the loser in the
m Pervasive Rolling out; 4G broadband
9 (accessible becoming war, then, may
i toanyhome widespread go the spoils.
5 with power in 20T Sempra
v lines) P
Energy’s
Requires new Uses existing Nichols says
broadband broadband utilities don’t
2| infrastructure, infrastructure, particularly
& set up by set up by care what
~  power utilities wireless carriers label
i (inexperienced (experienced abels or
—  broadband broadband standards go
network network on the telecom
operators) operators) technology
SOURCE: Mind Commerce they,ll be
putting into
their next-

“There was a time when
there was a great debate in
communications whether
WiMax or LTE would
become the dominant
wireless broadband
technology,” says Jeff
Nichols, director of network
and communication services
for Sempra Energy (which
is fielding a smart-grid test
in San Diego). “That’s pretty
much played out now. The

generation smart-grid electric
meters. “Utilities are agnostic
about something like a

radio technology,” he says.
“What they’re looking for is
something that works and

is cost-effective. I do think
that WiMax will continue

to play arole. It’s practical

for now, and it’ll still be
practical five years from now.
Beyond that, who knows?”

—MARK ANDERSON
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making compact terahertz imagers and explosives detectors.
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Fastest frequency for a monolithic integrated circuit.
Northrup Grumman engineers say their IC could be key to

tech in sight

The Robot Baby Reality Matrix

Some robot babies look real. Some act real. A few do both. By Erico Guizzo

° L =
NAOisa Lr & ’n e\
little French =
humanoid
created by Aldebaran -

—
n’
[

Robotics. It talks,
tracks faces, and
with 25 degrees of
freedom, itcaneven
performMichael Jackson
choreography.

‘4

L ]
M3-NEONY isan

Osaka University
offspring. The robot
has 90 tactile sensors,
22 motors, 2 cameras,
a compact computer, and a fancy name.
M3 stands for “man-made man.”

‘ ADVANCED CAPABILITIES }

NEXI s the size of L
a 3-year-old child
and was conceived
at MIT’s Media Lab.
With a15-degrees-
of-freedom face,
this little social bot
can show you when
it's happy, sad,
mad—or bored.

SIMON is the child of Georgia
Techresearchers: This social
robot hasanexpressive face,
articulated torso, dexterous

hands;and supercute ears.

iCUB has multiple
parents—I1 European robotics
labs. The size of a 312-year-old,
it’s learning to walk, talk, and
handle objects. It's probably the
most advanced—and expensive—
artificial child ever built.

CB2 wasborn at Osaka
University, inJapan. This
robot mimics haw infants
learn by interacting
with the world. And
with 51 pneumatic

‘ ROBOTIC APPEARANCE }

ZENOis a small, cartoon-
like humanoid designed
at Hanson Robotics, in

Richardson, Texas. It talks,

understands speech, and

can learn names and faces.
It also has big green eyes
that look as if they’re ready

KOJIROisa

very special
mechanical
child built at

the University
of Tokyo. It
has a flexible
spineanda

body that mimics our musculoskeletal

system. Added bonus: You can control

it with a PlayStation joystick.

DIEGO-SANis the
progeny of roboticists
at the University of
California, San Diego,
and the Japanese
firm Kokoro Co,
They're teaching
it towalk and hold
objects—and they’re
also designing a
smaller head.

.|

actuators, it’s E
powered by air. 2
>
() z
- %
)
=
>
=]
>
z
Q
=
REPLIEE R1is
acopyofareal
4-year-old girl. Built
ROBOTINHO s at Osaka University,
the mechanical child ithasnine DC
of engineers at the motorsinits head,

University of Bonn, in prosthetic eyeballs,

Germany. They use the andsilicone skin. °
robot as a museum Opinions on how
guide—and alsoto cuteit islare mixed.

play robot soccer.
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toshoot lasers. L4
YOTARO isababy REALFARE BABY
robot that giggles, isalifelike doll by

|
cries, and simulates 2

arunny nose—but
not asoiled diaper.
Researchersat
the University of Tsukuba, in
Japan, designed it to show how
rewarding babies canbe. Really.

Realityworks,in Eau
Claire, Wis. You have

diaper the cyberinfan

babycry.

[ ]
LIMITED CAPABILITIES

to feed, burp, rock,and

around the clock orit
will cry—areal, recorded

t
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/-RAM Takes
on DRAM

A new memory
design might

find a spotin the
competitive DRAM
market

SWISS COMPANY,
working with
memory chipmaker

Hynix Semiconductor, has
introduced a design that
it says will be a cheaper,
lower-power replacement
for the common computer
memory known as dynamic
RAM, or DRAM.
Innovative Silicon, in
Lausanne, says it has
redesigned its zero-
capacitor RAM, or Z-RAM,
so that it can be built on
the same kind of wafers
used for ordinary DRAM.
This is a big advance for
the company, because its
previous devices required
expensive specialty wafers.
Z-RAM, unlike DRAM,
doesn’t require a capacitor,
so the company estimates
that the new design will
be 25 to 30 percent cheaper
as the critical features
of memory drop below
40 nanometers over the next
couple of years. What’s more,
the Z-RAM cells operate at
voltages as low as 0.5t0 0.6
volt, in line with what future
DRAM devices will require.
Innovative Silicon
has licensed its Z-RAM
technology to South Korea’s
Hynix, the No. 2 memory
chip firm. Hynix built a
test chip demonstrating

14 INT - IEEE SPECTRUM -

the improvements and

reported the results in June

at the 2010 Symposium

on VLSI Technology and

Circuits, in Honolulu.
DRAM stores a bit of

memory—a1orao—as charge

on a capacitor. The problem
is that DRAM makers have

been cramming more memory

onto less real estate, but the

capacitors in a memory circuit

can’t be shrunk as fast as
the transistors. The reason?
A capacitor must be big
enough to hold a recognizable
charge. “Building the
capacitor is becoming very
challenging,” says Jeff Lewis,
senior vice president for
marketing and business
development at Innovative
Silicon. “At 30 nm, people
are pretty much running out
of solutions to how to build
them at all cost-effectively.”
Instead of a capacitor,
Z-RAM relies on what’s
called the floating-body effect.
By building a transistor in
alayer of silicon deposited
atop silicon dioxide—an
insulator—you electrically
isolate the transistor. When
current passes through the
transistor, some electrons
create electron-hole pairs.
The transistor’s drain lets the
extra electrons leave, but it
traps the holes, resulting in
anet positive charge. That
“floating” charge can be read
as a 1. Increasing the voltage
on the transistor gate empties
the holes out through the
source electrode, which
can be read as a 0. With no
capacitor needed, the bit cells
only need to be the same
size as the transistors, and
those get smaller every year.

JULY 2010

SIDEWAYS SOLUTION: Z-RAM works on ordinary silicon by turning
the transistor vertically. mace: inwovanve siicon

But building the device
on a silicon-on-insulator
wafer drove up the cost. Now
the company has figured
out a way to make memories
on bulk silicon. Instead of
building the transistor on
top of an insulating layer,
with the gate on top and the
source and drain on the ends,
Innovative Silicon aligns
the transistor vertically so
that the gates are on either
side and the junctions are
at the top and bottom. That
provides the same isolation
and the same floating-body
effect. As a bonus, it fits
in with the industry move
toward a more 3-D transistor.

The vertical design, along
with the new placement of
the gates, also resulted in an
operating voltage of 0.5V,
which the company says is
50 to 75 percent lower than
any other floating-body
memory device. The design
therefore saves energy and
makes the device compatible
with existing power supplies,
which keeps costs down,
Lewis says. It also increases
by a factor of 1000 the

amount of time a cell can
hold onto a bit amid the
noise of other cells switching.
Innovative Silicon had
originally envisioned using
Z-RAM to replace static RAM,
which is faster than DRAM
and is integrated with the
microprocessor. Because a
Z-RAM cell is made up of
only one transistor versus
an SRAM’s six, it can hold
five times as many bits on the
same area of silicon. Lewis
says that the silicon-on-
insulator market, necessary
for the SRAM replacement
design, never materialized,
and that the need fora DRAM
replacement has become more
acute. Now, he says, “our focus
is stand-alone DRAM only.”
Lewis says the capa-
bilities of Z-RAM match
the demands outlined in
the DRAM road map out
to 2020. He expects Hynix
to be making samples
for testing in commercial
devices within two years.
Other companies, such
as Intel and Toshiba, are
also pursuing floating-body

memory. —NEIL SAVAGE
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Where Do | Go for Wireless Transmitter Products?

omega.com, of course!

Your single source for process measurement and control products!
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auction house held

‘ START EVA aspace history salein

New York City timed
to coincide with the
40th anniversary

of Apollo13. An
Apollo 11 checklist
page that details the
countdown to the
first footsteps on

the moon—including
instructions to “don
gloves,” “egress
toplatform,”and
“descend ladder’—
sold for US $152 000.
The sheet is framed
with an Apollo 11 flight
patch and boasts Neil
Armstrong’s signature,
along with his historic
first words from the
moon’s surface: “One
small step fora man—
one giant leap for
mankind.” The page
was allegedly given as
a gift toNASA press
officer John McLeaish
just days after the
first moonwalkers
splashed downin

the Pacific Ocean.

But the purchase

is not without
intrigue: Armstrong
himself swears he
never signed the

quote foranyone.
PHOTO: BONHAMS
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Think Big, See Small

How to build your own digital microscope

VERYONE LOVES
E looking through a

microscope. That got
me wondering how hard
it would be to convert
one to capture images
digitally. Sure, you can
buy digital scopes ready
made, but they tend to be
either expensive or of poor
optical quality. I wanted
one that had decent optics
and would also capture a
decent-size image.

18 INT - IEEE SPECTRUM -

I started with a Celestron
44102 400X microscope
(which cost me US $107 at
Amazon) because it was
highly rated and had lots of
metal in the construction,
making it a sturdy platform
to attach things to. The only
downside was the light
source—a mirror. I wasn’t
about to depend on anything
as primitive as the sun for
my high-tech scope, but I
left that issue for later.

JULY 2010

The first step was to
marry it to a digital camera. A
webcam would conveniently
transfer images to a computer
via USB. I spent some time
researching the optics and
sought out some experts.
Here’s why: A microscope
is designed to focus the
image on the back of your
eye when you look through
the eyepiece. You can’t just
stick a webcam directly
onto the eyepiece, because
the webcam is also trying to
bring an image into focus on
the sensor inside the camera,
resulting in a kind of optical
double jeopardy. However,

if you remove the lens from
the webcam and hold it
the right distance from the
microscope eyepiece, you’ll
get a perfectly formed image.
I went back online to
shop for a webcam, steering
clear of the fancier ones. For
one thing, I didn’t need a
microphone. Also, I wanted
to avoid features like auto
focus or face recognition
because they might make
it hard to get a sharp image.
I ended up with a Creative
Live Cam Video IM Ultra,
a $50 model that shoots up
to 1.3 megapixels—a lucky
choice because it has a plastic

SPECTRUM.IEEE.ORG
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ring that stands halfan inch
or so away from the body of
the camera. After I removed
the lens (a fairly painless
procedure) and replaced the
ring, there was just the right
amount of space between
the camera and the object to
bring the image into perfect
focus on the sensor. A few
dabs of Krazy Glue attached
the ring to the eyepiece, and
I had a digital microscope.
The first images I captured,
using the stock slides
included with the microscope,
were amazing. Some of

the stained plant cells in
particular were extremely
colorful and detailed.

As satisfying as the
result was, it would have
made for an awfully simple
project. So, on to dealing
with that light source issue!

As detailed in a previous
article [“Board Certified,”
IEEE Spectrum, April 2010],
I found a neat little circuit
that would let me create
adimmable LED array,
using a 555 timer, a transistor,
a pair of capacitors, two
diodes, and some resistors.
I designed a printed circuit
board and used a low-
volume prototyping service
to fabricate the actual
PCB. A few weeks and
$20 later, I had two perfect
boards. I attached one to
an array of 10-millimeter
white LEDs and an old
12-volt power adapter I had
lying around. I now had
a finely controllable light
source. By turning the
10K potentiometer, I had a
nearly infinite variation of
lighting levels available.

The result is a fully
functional digital

SPECTRUM.IEEE.ORG

microscope—I can control
the lighting to capture video
or still images regardless of
external conditions. And it’s
really nice to be able to sit
back and look at a big image
on my laptop rather than
craning my neck over a lens.
For the truly lazy among
us, it would be nice to
have remote control over
the position of the stage
that holds the slide. That
would let you move the
image around with the click
of a mouse, “bookmark”
interesting features on
a slide, or automatically
capture high-resolution

GOING DIGITAL: A fully digital microscope [opposite page] can
look at a single blade of grass at 400x magnification on a computer
screen, via an attached webcam. This page: [1] A close-up of the
webcam, mounted to the eyepiece; [2] the LEDs and control board,;
[3] an image of plant cells, captured at 100x. The slide may be
manipulated remotely via [4] reduction gearing and [5] a movable
stage with a stepper motor installed. Froros: javes Turner

mosaic images. I decided
to try to make a prototype.
With an infinite budget,
I would use linear actuators
or a rack-and-pinion
gear system, but for my
prototype I made a chain-
driven system, using two
12-V stepper motors ($26 on
eBay), one for each of the two
drive chains. Next, I needed
a controller board that
could run the motors. From
Peter Norberg Consulting,
I got a USB board ($85) that
can drive two motors and
includes such nice features
as the ability to use end-of-
motion detection switches.

JULY 2010 -

=

The last components were
the gears and the chain
connecting them, needed to
gear down the motor, which
had only eight steps per
rotation. These components
were surprisingly hard
to find. I ended up with
a pair of Vex Robotics
sprocket-and-chain sets
($30 each). The nice thing
about the Vex chain is that
you can adjust the length
easily, and it comes with
a nice selection of gears.
I prototyped in wood
rather than metal; it’s
cheaper and I have a lot more
equipment for it. T built a
stage for the slide, with nylon
spacers glued to the bottom.
Metal rods run through the
spacers, letting the stage slide
freely back and forth. A chain
runs from the reduction
gear coming off the motor,
connecting to either end of the
stage through another gear on
the opposite side. It works like
a charm, but to build a second
gear-and-chain assembly
that the first one would sit
on, for the other axis, in the
limited space available, would
require purpose-built gearing
and small motors as well as
metal or plastic components.
In other words, this project
addition is not for the do-it-
yourself faint of heart.
Meanwhile, I'm happy
with my digital LED-lit
scope. And a pair of fingers
work just fine to move the
slide around. —JaMEs TURNER

Creative: http://us.store.
creative.com/index.html
Peter Norberg Consulting:
bttp://www.stepperboard.com
Vex Robotics:
bttp://www.vexrobotics.com
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THE KING OF
COMIC-CON

In his spare time, software
engineer John Rogers
presides over one of the
world’s largest and strangest
conventions

‘ HE LAST thing you want to do is
rankle a group of Star Wars storm-
troopers. The annual geekfest

known as Comic-Con International

is not only a four-day exploration

of the intersection of science fiction,

comics, science, and pop culture; with

125 000 attendees, it’s one of the largest

conventions in the world, requiring

heroic feats of engineering to keep the
lines moving and the fans happy. Luckily,
the guy at its helm is an engineer.

By day, John Rogers is a mild-
mannered director of engineering

at an undisclosed San Diego

telecommunications company. But

on the third week in July, he sheds

his suit and tie and morphs into

the president of Comic-Con. You’ll

probably spot him wandering the

San Diego Convention Center, past a

parade of Jokers, Supermen, and blue-

skinned Na’vis, walkie-talkie in hand.
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“My job at Comic-Con is all about
managing crowds and people,”
Rogers says, but a list of his other
responsibilities seems endless: avoiding
empty seats in sold-out programs,
arranging quick entrances and exits for
panelists and audiences, pinpointing
how many badge scanners and data-
entry people are needed, and honoring
fans who have lined up early. “If you're
passionate enough to show up at dawn
for a panel, then we have to work hard to
make sure it happens for you,” he says.

Rogers has done the honors
since 1986. He devotes “more hours
a month than I care to calculate” to
managing the US $7 million budget,
a staff of 20 full-time employees, and
3000 volunteers. He also oversees
CCT’s San Francisco-based sister
conventions, WonderCon and
Alternative Press Expo, which
together attract another 40 000
attendees and 400 volunteers.

This year, Rogers is electronically
streamlining the workflow by hiring
a programmer to develop custom
software that tracks where, when, and
which kind of security and signage
are needed throughout the convention
center’s 57 200 square meters
(616 000 square feet). A database,

fronted by an Excel spreadsheet, links
the security shifts of the more than
300 daily guards with the 400-plus
daytime and evening events. Another
feature shows a detailed but changeable
map indicating sign placement
around artist tables, publishing-
house booths, and movie studio
kiosks. “As far as we know, nothing
exists like this today,” Rogers says.
“There’s not a lot of technology
or understanding of how you can
use computers to make the process
better,” he adds. “If you look at the
convention industry, you’ll see people
with binders that are 10 inches thick
with explanations of where to place
everything and position people.”
Rogers began at Comic-Con as a
projectionist when he was in high school.
After graduating with a bachelor’s in
computer science from the University
of San Diego in 1983, Rogers worked
steadily in computer engineering—
first for Sperry Corp., an electronics
firm that became part of Unisys Corp.,
and then as a software developer at
the now-defunct Simpact—before
embarking on his current job in 1995.
Initially a comics-centric convention
with science fiction and media
components, Comic-Con has seen an
increase in real-science programming,
in part because Rogers loves sci-fi,
programming director Eddie Ibrahim
was formerly a biologist, and treasurer
Mark Yturralde—a hardware
engineer who helped develop the
Comic-Con iPhone app—has a major
jones for anything space related.
“One of my fondest memories was
when we had people in to do Tesla
coil demos and talk about the science
behind it,“ says Rogers. “I have this
really cool picture of me sitting on top of
the coil at night, looking over the harbor,
and holding two rods with lightning

coming off of them.” —SUSAN KARLIN

Comic-Con International
22-25 July 2010
http://www.comic-con.org

DENIS POROY/AP PHOTO
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WHERE THE
JOBS ARE

The news is good
but not great for
engineers looking for
work in 2010

AST YEAR, pink
L slips were seemingly

everywhere for
engineers and computer
scientists, as the likes of Texas
Instruments and Microsoft
laid off employees in record
numbers. Things are better
for engineers this year, but the
signals are still mixed. Tech
companies plan to hire at least
as many electrical engineers
as last year, but those already
laid off are having a hard time
finding jobs. And while new
grads are getting fewer offers,
they’re doing better than their
peers—according to a recent
report, engineering degrees
accounted for eight of the
10 highest paid degrees in the
United States.

Though last year the
average college graduate got
a lower starting salary than
the year before, computer-
science majors saw an
increase of 4.7 percent, to
US $60 426, according to
the latest salary report from
the National Association of
Colleges and Employers, in
Bethlehem, Pa. Electrical
engineers saw an increase
of 3 percent, to $59 326.

“If we look at long-term
unemployment data, there
has been typically one peak
in each decade,” says IEEE-
USA president Gordon
Day. “We’ve had two—2003
and 2009—perhaps a sign
of greater volatility in tech-
nology employment.”

SPECTRUM.IEEE.ORG

Hiring remains strong
in aerospace, defense, and
energy. There is also a
shortage in the power and
energy sector, Day says. “In
areas like renewable energy
and the smart grid, demand
has increased faster than
students can be educated.”

Jobs for computer sci-
entists and engineers will
grow much faster than the
average for other occupations
over the next eight years,

according to the U.S. Bureau
of Labor Statistics (BLS), in
part because of a boom in
wireless technologies, elec-
tronic records, data process-
ing, and information security.
Other good employment bets
include patent law firms,
management consultancies,
and financial companies.

On the other hand,
unemployment data
published early this year
by the BLS indicate things

are not going well for laid-
off electrical engineers. The
number of EEs without

jobs fell from 7.3 percent in
the third quarter of 2009

to 5.2 percent in the fourth.
Coupled with a 3 percent dip
in the number of employed
EEs, the data suggest

that EEs who previously
identified themselves as
unemployed have either
stopped looking for jobs or
are switching to other fields.

In Europe, unemployment
is about 3 percent for
electrical and electronics
engineers; overall rates of
unemployment hover in the
double digits. Hiring had
slowed down along with the
rest of the global economy but
is slowly starting to pick up.
Companies large and small
are looking for a few new
hires, especially those with
specific skills in software
and hardware design.
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Reliable numbers for
employment in Asia are
hard to find, but indicators
point to a healthy job market
for EEs. The number of
science and engineering
doctoral degrees in China,
India, Japan, South Korea,
and Taiwan is increasing,
as is R&D spending, which
is expected to surpass that
in the United States if it
hasn’t already, according
to the National Science
Foundation. U.S. and
European firms have been
trawling this well-stocked
pool of engineering talent.

Employers are being
selective about where they
look for talent. With so many
experienced professionals on
the market, they have their
pick of qualified candidates.

“It makes more sense these
days to hire someone with
experience than someone
new, and the cost difference
might not be as big as it
once was,” says Suzanne
Kahn, who represents
nanotechnology company
Nantero, of Woburn, Mass.

This has affected
on-campus hiring. While
recruiting has been vibrant
at top engineering schools,
other schools report a drop.
At Ohio State University,
recruiting for EEs and
computer engineers is down
13 percent, and fewer students
are getting offers. “Salaries
continue to be good,” says
Douglas Williams, electrical
and computer engineering
professor at Georgia Tech.

“But there are fewer offers
per student. And the bottom
half of the class is having a
much harder time finding

employment.” —PracHI PATEL
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REVIEWED
ONLINE
THIS MONTH
Go to http:/

spectrum.ieee.
org/reviews

Taming the
Beloved Beast:
How Medical
Technology
Costs Are
Destroying
Our Health
Care System
By Daniel Callahan;
Princeton University
Press, 2009;

288 pp.; US $29.95;
ISBN 978-1-4008-
3094-7

Reviewed by
Kenneth R. Foster

When the
Lights

Went Out

By David E. Nye;
MIT Press, 2010;
304 pp.; $2795;
ISBN 978-0-262-
01374-1

Reviewed by Mark
Anderson

Early FM
Radio:
Incremental
Technology
in Twentieth-
Century
America

By Gary L. Frost;
Johns Hopkins
University Press,
2010; 208 pp.;
$60.00;

ISBN 978-0-8018-
9440-4

Reviewed by Michael
Riezenman
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REVIEW: ALIENWARE M11X

The King Kong of gaming computers
now comes in a Fay Wray—size package

DIDN'T KNOW Alienware made
a netbook!”
“They don’t.”
That was a conversation
I had several times at work
after the arrival of my M11x,
a tiny monster of a machine.
Alienware, for those unfamiliar,
is the prestige brand of
Windows gaming PCs owned
by Dell, and it never does
anything by halves. If you
want ultimate performance
and can afford a top-of-the-
line gaming laptop that costs as
much as four or five “regular”
PCs, Alienware can kit you out.
So it was with some

bemusement that the gaming
press greeted the news of the
Mi1x, which looks for all the
world like a netbook—11-inch
sereen, 3.25 centimeters thick,
no DVD drive—but with an
Alienware-ish price that starts
at US $800 and climbs quickly.
I was unenthusiastic as well;
it’s as if Jaguar had tried to
make a subcompact car. Having
owned a couple of netbooks,

JULY 2010

I’'ve enjoyed their portability,
but not the frustrating
torpor of an Atom processor
struggling to run Windows.

So the M11x didn’t seem
worthwhile—until I read the
specs. Ultralow-voltage Core 2
Duo processor, Nvidia GT 335M
video with 1 gigabyte of VRAM,
up to 8 GB of RAM, HDMI video
output...what is this thing? A
visit to the Alienware booth at a
trade show brought the answer.

It’s a top-of-the-line notebook
in the body of a netbook. Clearly,
Alienware is sensitive about the
image of its laptops, where 5 or
6 kilograms is pretty standard,
and they set out to change that.
What they came up with is a joy
to use: a 2-kg yet solidly built
machine that can stand with the
lions and run with the gazelles.
The company’s over-the-top
product design is there: alien-
head power button, illuminated
speakers, and keyboard with
customizable colors. But I don’t
mind a little flash now and then.

It puts me in the mood for gaming.

Alienware M11x
US $800 and up
http://www.alienware.com

I haven’t come close to
filling the 500-GB, 7200-rpm
hard drive, but I've installed
Crysis, Modern Warfare 2, and
Mass Effect 2, all of which can
punish the average desktop
machine. They play beautifully,
maintaining high frame rates
throughout. Game settings
that rely on the video card,
like texture resolution and
post effects, can be maxed
out, while features that tax
the admittedly underpowered
central processing unit—say, a
huge number of scene objects—
should be set somewhat lower.

The CPU was obviously
chosen for low heat output
and battery life: Using the
low-power Intel graphics card
(which is switchable on the fly
with the Nvidia card), you can
get more than 7 hours of basic
work done on a single charge.
Heavy gaming with Nvidia
graphics will run 3 to 4 hours.

I've also run applications
like Photoshop CSs and
ZBrush, powerful programs
that demand good hardware,
and the M11x delivers. Filters
are fast, brush strokes smooth,
and large image files can be
edited with no noticeable
performance degradation.
Microsoft Office likewise
runs extremely well.

It’s not as elegant or thin
as a MacBook Air or a Dell
Adamo, but the M11x blows
them away in performance in
a similarly small package. And
it has a glowing alien-head
power button. What’s not to
love? Turns out Alienware does
make a netbook—and then some.

—HARRY TEASLEY
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Contemplating

a Dead

T WAS my early morning ritual. Having
pushed the button to boot my computer,
I turned my attention to the waiting
pleasure of steaming coffee. After a few
delicious sips, I glanced at the monitor.
Strangely, it was black. I pushed the
button again. To my distress, this had no
effect on the monitor or on the absolute
quiet of my PC. I unplugged the PC,
waited, and tried again, to no avail.

How could this be? Had
the computer died in its sleep?
It had worked flawlessly for
ayear, including the night
before. Perhaps that first jolt
of electricity in the morning
had—Tlike a too-strong cup of
coffee—arrested its frantic
little heartbeat.

I spent the next hour
pushing the on button
repeatedly in the ridiculous
belief that the computer would
spring to life. Then I went
into troubleshooting mode.

It wasn’t hard to determine
that the motherboard itself
was the problem, and that
issue, as they say, is above my
pay grade. The computer was
officially dead.

As Idrove to the local
computer store, I thought
about how the world has
changed in the last couple of decades.
Once, I would have fixed that computer
and bragged about my accomplishment.
Once, I would have mourned my dead
computer as a friend who had stood by
my side. But that was no longer the case.
As I was leaving the house, my wife had
called out to me. “Buy one that will last,”
she had admonished. “None of them
will,” I replied.

I realized that I had come to think
of computers and other electronic
gadgets as disposable. Even if they don’t

SPECTRUM.IEEE.ORG

omputer

break, they’re good for only a couple of
years anyway. Technological progress
overruns them, and they get bogged
down with the accumulation of junk.
The sad reality is that they’re not worth
fixing. The cost of identifying and fixing
the problem is more than that of a new
system. After all, electronic circuitry

gets ever less expensive, while the cost of

skilled labor escalates.

That evening I was having dinner
with some friends, and I mentioned
what had happened. “But there aren’t
any moving parts,” someone remarked.

“What could go wrong?” It was a
good question. Anywhere something
whirs, like the hard drives, or where
there is burning heat, like around the
microprocessor, we expect bad things
might happen. The good news is how

remarkably robust electronic circuitry is.

Hundreds of millions of transistors must
do their jobs perfectly. I always consider

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

it a miracle that computers work in the
first place. But once they do, the circuits
seldom fail.

I've always taken a great pride in the
engineering achievements embodied
in a computer. The sophistication and
complexity of the software and the
hardware—and in the network beyond—
epitomize the wonderful progress we
have made. But here I am at the store
looking at new computers
and thinking of how little I
miss the one that has just quit
working. I'm thinking instead
that the real value was my
data, and that for once, the
hard drive had outlived its
host. My precious data was
still safe.

Ah, but I had jumped to
this conclusion too quickly.
First, my backup routines
had been imperfect; I had not
backed up frequently enough.
After all, the computer had
always worked, hadn’t
it? Worse, my computer
had outsmarted itself. The
manufacturer had cleverly
used two hard drives, which
appeared to the operating
system as a single logical
drivein a RAID array—
brilliant!—but alas, striping
the data across the drives in a way
that only the dead motherboard fully
understood. Not in a way that would
be impossible to reconstruct, but once
again the considerations were time
and expense. And once again, it wasn’t
worth fixing.

Home again, I bid farewell to my
deceased computer. The moment of truth
was upon me. Could I put the machine
out with the trash? Alas, no. I still harbor
the hope that the next time I push the
button, my computer will come alive. T
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CHIPMAKERS ARE BUSY DESIGNING
MICROPROCESSORS THAT MOST
PROGRAMMERS CAN'T HANDLE

BY DAVID PATTERSON

\_ J

HARRY CAMPBELL
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In 1975, future Hall of Famer Roger Staubach had the football
but little else in a playoff game against the Minnesota Vikings.
Behind by four points at midfield with 24 seconds to go, the
Dallas Cowboys quarterback closed his eyes, threw the ball as
hard as he could, and said a Hail Mary. (For you soccer fans,
this would be like David Beckham taking a shot on goal from

midfield late in injury time.)

His prayer was answered. Staubach’s
receiver collided with a Viking defender
just as the ball arrived but nevertheless
managed to pin the football against his
leg, scoring the touchdown that took the
Cowboys to the Super Bowl. (Imagine
Beckham’s long ball beating the goalie.)
Ever since that game, a desperate pass
with little chance of success has been
labeled a Hail Mary.

Thirty years later, the semiconductor
industry threw the equivalent of a Hail
Mary pass when it switched from mak-
ing microprocessors run faster to putting
more of them on a chip—doing so with-
out any clear notion of how such devices
would in general be programmed. The
hope is that someone will be able to fig-
ure out how to do that, but at the moment,
the ball is still in the air.

Why take such a gamble? In short,
because there wasn’t much of an alter-
native.

For decades, microprocessor design-
ers used the burgeoning number of tran-
sistors that could be squeezed onto each
chip to boost computational horsepower.
They did this by creating microprocessors
that could carry out several operations at
once—for example, fetching the
next instruction from memory
while the current one was being
executed. And chipmakers con-
tinually upped microprocessor
clock rates, something the
diminishing size of transistors
readily allowed.

But around 2003, chipmak-
ers found they could no longer
reduce the operating voltage as
sharply as they had in the past
as they strived to make transis-
tors smaller and faster. That in
turn caused the amount of waste
heat that had to be dissipated
from each square millimeter
of silicon to go up. Eventually
designers hit what they call the
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power wall, the limit on the amount of
power a microprocessor chip could rea-
sonably dissipate. After all, a laptop that
burned your lap would be a tough sell.

Designers now accept that although
transistors will still get smaller and
more numerous on each chip, they aren’t
going to operate faster than they do today.
(Indeed, peak clock speeds are lower now
than they were five years ago.) And if you
tried to incorporate all those transistors
into one giant microprocessor, you might
well end up with a device that couldn’t
compute any faster than the chip it was
replacing, which explains the shift to
assembling them into multiple micro-
processor cores instead. Although each
core may have modest computational
abilities, you’ll have many of them at
your disposal.

Such novel chips are called multicore
microprocessors—or sometimes many-
core microprocessors when a large
number of cores are involved—to distin-
guish them from traditional single-core
designs. In a sense, the core has become
the new transistor, to borrow a phrase
from Chris Rowen, president and chief
technology officer of Tensilica, in Santa

Clara, Calif. That is, from here on out,
chip designers will concentrate on how
to gang together lots of cores, just as the
previous generation of microprocessor
engineers thought about the circuitry
they were creating at the level of indi-
vidual transistors.

The trick will be to invent ways for
programmers to write applications that
exploit the increasing number of proces-
sors found on each chip without stretch-
ing the time needed to develop software or
lowering its quality. Say your Hail Mary
now, because this is not going to be easy.

WHEN THE PRESIDENT and CEO of Intel,
Paul S. Otellini, announced in 2004 that
his company would dedicate “all of our
future product designs to multicore envi-
ronments,” why did he label this “a key
inflection point for the industry”? The
answer is clear to anyone familiar with
the many now-defunct companies that
bet their futures on the transition from
single-core computers to systems with
multiple processors working in paral-
lel. Ardent, Convex, Encore, Floating
Point Systems, Inmos, Kendall Square
Research, MasPar, nCUBE, Sequent,
Tandem, and Thinking Machines are just
the most prominent names from a very
long list of long-gone parallel hopefuls.
Otellini was announcing that despite this
sobering record, software applications in
the future will run faster only if program-
mers can write parallel programs for the
kinds of multicore microprocessors that
Intel and other semiconductor compa-
nies have started shipping.

But why is parallel process-
ing so challenging? An anal-
ogy helps here. Programming
is in many ways like writ-
ing a news story. Potentially,
10 reporters could complete a
story 10 times as fast as a sin-
gle reporter could ever manage
it. But they’d need to divide a
task into 10 equally sized
pieces; otherwise they couldn’t
achieve a full tenfold speedup.

Complications would
arise, however, if one part of
the story couldn’t be written
until the rest of it was done.
The 10 reporters would also
need to ensure that each bit
of text was consistent with
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what came before and that the next . . . . . . . . E n
section flowed logically from it, with- EJARSRY ARS

t ti terial. Also, th
ou Iit(?ip;a lntg atl.ny ntlﬁ eirlaﬂ, ¢ S0 the}t, Standard algorithms for determining the value of pi
would have to time their eltorts so tha rely on sequential calculations [top],
they finished simultaneously. After all, but you could also use a parallel approach [bottom].

you can’t publish a story while you’re
still waiting for a piece in the middle

gramming. Nor has any become as popu-
lar as the languages invented primarily
for sequential programming.

Another hope was that if you just
designed the hardware properly, parallel
programming would become easy. Many +
private investors have been seduced by
this idea. And many people have tried to
build the El Dorado of computer archi-
tecture, but no one has yet succeeded.

A third idea, also dating back to the \\
1960s, is to write software that will auto-
matically parallelize existing sequential
programs. History teaches that success  for managing ATM transactions and  tain hundreds of processors, each tack-
here is inversely proportional to the airlines use for tracking reservations. ling just a small piece of the job of ren-
number of cores. Depending on the pro- Another example is Internet search- dering an image. Computer scientists
gram, there will likely be some benefit ing. It’s much easier to parallelize pro- apply the term “data-level parallelism” to
from trying to automatically parallelize =~ grams that deal with lots of users doing  such applications. They’re hard enough
it for two, four, or even eight cores. But  pretty much the same thing rather than  to program, but in general they’re eas-
most experts remain skeptical that the  a single user doing something very com- ier than applications that don’t offer this
automatic parallelization of arbitrary plicated. That’s because you can readily  inherent parallelism.

to be completed. These same issues— A SEQUENTIAL APPROACH
load balancing, sequential dependen-

i ization— Start Add Add Add Add Pi-
cies, and SynChronlzatlon Challenge ‘ wi?}; ‘»‘ (-1/3) ‘»‘ @1/5) ‘»‘ (-1/7) ‘ (-1)"/(2n+1) | > 4Xrlesu1t
parallel programmers.

Researchers have been trying to
tackle these problems since the 1960s.
Many ideas have been tried, and just A PARALLEL APPROACH
about as many have failed. One early

.. . Generate ran- +1 .
vision was that the right computer lan- dom points on

alarge number ° +1

guage would make parallel program- of squares |1 .
ming straightforward. There have (xp pairs in the .

. range -1 to +1) -1 o
been hundreds—if not thousands—of
attempts at developing such languages, ¢ + ¢ # +
including such long-gone examples Calculate .
as APL, Id, Linda, Occam, and SISAL. Wl;iﬁg‘:“f;ﬁg K \ / \ / \ / \ / \
Some made parallel programming eas- witl(nlin (he gircl?e) :
ier, but none has made it as fast, efficient, e \ / k / \ / k / \ /
and flexible as traditional sequential pro- Yes Yes No Yes No

‘ Count number of times the point lies within the circle ‘

Pi = 4 x (number within circle)/(total number of trials) ‘

sequential code is going to be benefi- take advantage of the inherent task-level Scientific computing provides a
cial for 32, 64, or 128 cores, despite some  parallelism of the problem at hand. third success story—weather prediction
recently published advances in this area. Another success story is computer and car-crash simulations being two

All in all, things look pretty bleak. graphics. Animated movies or ones well-known examples. These are long-
Nevertheless, there has been progress  with lots of computer-generated spe- running programs that have lots of data-
in some communities. In general, par- cial effects exhibit task-level parallelism  level parallelism. The elite teams that
allelism can work when you can afford in that individual scenes can be com- create these programs are often combi-
to assemble a crack team of Ph.D.-level  puted in parallel. Clever programmers nations of Ph.D. computer scientists and
programmers to tackle a problem with  have even found parallelism in comput- people with doctorates in the sciences
many different tasks that depend very ing each image. Indeed, the high-end relevant to the application. Desktop
little on one another. One example is  graphics processing units (GPUs) used  applications rarely have that much intel-
the database systems that banks use to accelerate games on a PC can con- lectual horsepower behind them.
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GIVEN THIS STARK landscape, you might
not expect this latest foray into parallel
computing to be greeted by success. But
there are reasons for optimism. First
off, the whole computer industry is now
working on the problem. Also, the shift to
parallelism is starting small and growing
slowly. Programmers can cut their teeth
on dual- and quad-core processors right
now, rather than jumping to 128 cores in
one fell swoop.

One of the biggest factors, though,
is the degree of motivation. In the past,
programmers could just wait for tran-
sistors to get smaller and faster, allowing
microprocessors to become more power-
ful. So programs would run faster with-
out any new programming effort, which
was a big disincentive to anyone tempted
to pioneer ways to write par-
allel code. The La-Z-Boy era of
program performance is now
officially over, so program-
mers who care about perfor-
mance must get up off their
recliners and start making
their programs parallel.

Another potential reason
for success is the syn-
ergy between many-core
processing and software
as a service, or cloud com-
puting as it is often called.

Google Search, Hotmail, and
Salesforce are some here-
and-now examples of such
services, in which the appli-

cation you need runs in a

remote data center rather

than on your own computer. These ser-
vices are popular because they reduce
the hassle to both users and provid-
ers. The user needs only a browser
and needn’t fool with software instal-
lation, upgrades, and patches. Software
providers are happy, too, because their
applications run only inside a data
center where they control the environ-
ment. This has allowed their develop-
ers to improve their software much
faster than can programmers writing
traditional “shrink-wrap” applications,
which must run on a host of different
computers with many combinations of
hardware and software installed.

Expert programmers can take
advantage of the task-level parallel-
ism inherent in cloud computing. To
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service millions of users, these pro-
grammers divvy up the work to run on
thousands of computers. Because their
software already uses many processors,
it’s easy for the people mounting such
operations to embrace many-core chips.
Indeed, these cloud-computing provid-
ers see many-core as a welcome way to
reduce costs rather than as a disruptive
technology. So expect the coming pro-
liferation of many-core processors to
boost today’s rapidly growing zeal for
cloud computing.

DESPITE THESE REASONS for hope,
the odds are still against the micropro-
cessor industry squarely completing its
risky Hail Mary pass and finding some
all-encompassing way to convert every

piece of software to run on many paral-
lel processors. I and other researchers at
the main centers of parallel-computing
research—including Georgia Tech, the
University of Illinois, Rice University,
Stanford, and the University of
California, Berkeley—certainly don’t
expect that to happen. So rather than
working on general programming lan-
guages or computer designs, we are
instead trying to create a few impor-
tant applications that can take advan-
tage of many-core microprocessors.
Although none of these groups is likely
to develop the ultimate killer app, that’s
not the intention. Rather, we hope that
the hardware and software we invent
will contain some of the key innovations
needed to make parallel programming

straightforward. If we’re successful,
this work should help to usher in what-
ever application ultimately wins the
“killer” distinction.

For example, my colleagues and I at
Berkeley’s parallel computing laboratory—
the Par Lab—have decided to pursuejusta
few target applications. One is speech rec-
ognition, or perhaps I should say speech
understanding. Our hope is to improve
speech-recognition software dramatically
so that a computer can recognize words
spoken in crowded, noisy, and reverber-
ant environments. That would surpass
today’s crude speech-recognition software
and allow such things as real-time meet-
ing transcription. Such software exists
now, but those programs generate a frus-
tratingly large number of mistakes.

One problem we’re facing
in this effort is that micropro-
cessors with large numbers of
cores are not yet being manu-
factured. So we have nothing to
run our experimental software
on. And a prototype many-core
microprocessor would take

years to design and millions of
dollars to fabricate. We could, in
principle, emulate such chipsin
software. But software running
at the level of detail needed to
evaluate a128-core design could
take days to simulate a few sec-
onds, which means that itera-
tions between hardware and
software improvements would
be excruciatingly slow.

We can, however, skirt this
roadblock by using field-programmable
gate arrays (FPGAs) to simulate future
computers. FPGAs are integrated cir-
cuits that contain large collections of
circuit components that can be wired
together on the fly using a special lan-
guage to describe the desired hard-
ware configuration. And they can be
rewired as many times as needed. So
they offer the best of both worlds, hav-
ing the flexibility of software but also
the ability to run 250 times as fast as
software simulators. This prospect
inspired the Research Accelerator for
Multiple Processors (RAMP) project, a
collaboration of nearly a dozen universi-
ties and companies, to create and share
a common infrastructure to accelerate
research in many-core designs.
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There’s no lack of languages designed to support parallel
processing—this is just a selection of them. Still, they don’t make
parallel programming easy or straightforward.

How many RAMP configurations
and specialized programming envi-
ronments will be needed is still any-
one’s guess. In 2004, Phillip Colella of
Lawrence Berkeley National Laboratory
claimed that seven numerical methods

would dominate scientific computing ﬁthco}:IS_cript E{Lkiure EO mll't’l’li‘:s gg—éA
for'the next decade. Starting with that Ada Curry Janus Modula-3 SISAL
claim, he, I, and a small group of other Afnix DAPPLE JoCaml Nimrod SR
Berkeley computer scientists spent two Alef E Join Java Occam Stackless
years evaluating how well these seven Alice Eiffel Joule Orc SuperPascal
techniques would work in other fields of APL Emerald Joyce oz VHDL

| Axum Erlang LabView Pict XC
endeavor. We ended up expanding the c* Fork Limbo Polaris Zounds
list to 12 general methods. Think of these Chapel Glenda Linda Reia ZPL

| SOECTIUMN

as fundamental computational patterns,
ones that are as different as the various
motifs found in, say, Persian carpets—
trees, spirals, paisley, and so forth.

Some of the 12 computational motifs
are embarrassingly parallel. Take, for
example, what are called Monte Carlo
methods, which examine many indepen-
dent random trials of some physical pro-
cess to determine a more general result.
You can do a lot with this approach. You
could, for instance, determine the value
of pi. Just compute what happens when
you throw darts at a square board. If the
darts hit random points on the square,
what fraction of them fall within the
largest circle you can draw on the board?
Calculate that number for enough darts
and you’ll know the area of the circle.
Dividing by the radius squared then
gives you a value for pi.

Other motifs can be a lot harder to
carry out in parallel, such as the common
problem of sequencing through a series
of well-defined states, where the rules for
transitioning from one state to another
depend on the values of various exter-
nal inputs. A sequential computer cal-
culates which state to assume next based
on which state it is in and the inputs pre-
sented at that moment. Having multiple
cores available doesn’t do much to speed
up that process, so the only opportunity to
run through the sequence of states faster
is to figure out ahead of time the state
transitions that might be coming up. But
that requires the computer to guess which
state it might soon find itself in and how
the inputs might change in the meantime.
And when you guess wrong, it takes so
much time to recover that you’ll go even
slower than you would have without any
guessing. The hope is that you’ll guess
correctly most of the time, so that on aver-
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age you come out ahead. Figuring out how
to program such speculation about state
transitions is tricky, to say the least.

IN 1995, I made some public predictions
of what microprocessors would be like
in the year 2020. I naively expected that
the information technology community
would discover how to do parallel pro-
gramming before chipmakers started
shipping what I then called “micromulti-
processors.” From the perspective of 2010,
I now see three possibilities for 2020.
The first is that we drop the ball. That
is, the practical number of cores per chip
hits a ceiling, and the performance of
microprocessors stops increasing. Such
an outcome will have a broad impact
on the information technology indus-
try. Microprocessors will likely still get
cheaper every year, and so will the prod-
ucts that contain them. But they won’t
pack in more computational oomph.
Consider netbooks as the first step down
this cost-reduction path. Such an evolu-
tion will only accelerate the shift to cloud
computing, because the servers that are
doing the real work will be able to take
advantage of the parallelism of many-
core microprocessors, even if desktops
and handheld computers cannot.
Another possibility is that a select few
of us will be able to catch today’s risky
Hail Mary pass. Perhaps only multi-
media apps such as video games can
exploit data-level parallelism and take
advantage of the increasing number of
cores. In that case, the microprocessors
of 2020 may look more like the GPUs
from Nvidia, Advanced Micro Devices,

and Intel than the traditional micropro-
cessors of today. That is, the GPU will be
promoted from a sideshow to the main
event. It’s unclear whether such applica-
tions by themselves will be able to sus-
tain the growth of the information tech-
nology industry as a whole.

The most optimistic outcome, of
course, is that someone figures out
how to make dependable parallel soft-
ware that works efficiently as the num-
ber of cores increases. That will pro-
vide the much-needed foundation for
building the microprocessor hardware
of the next 30 years. Even if the rou-
tine doubling every year or two of the
number of transistors per chip were to
stop—the dreaded end of Moore’s Law—
innovative packaging might allow eco-
nomical systems to be created from mul-
tiple chips, sustaining the performance
gains that consumers have long enjoyed.

Although I'm rooting for this out-
come—and many colleagues and I are
working hard to realize it—I have to
admit that this third scenario is proba-
bly not the most likely one. Just as global
climate change will disadvantage some
nations more than others, what hap-
pens to the microprocessor industry will
probably be uneven in its effect. Some
companies will succumb to the inability
of microprocessors to advance in the way
they have in the past. Others will benefit
from the change in the new playing field
of computing.

No matter how the ball bounces,
it’s going to be fun to watch, at least for
the fans. The next decade is going to be
interesting. a
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CELLPHONE

CRIME

Could the murder victim's BlackBerry
lead to her killer? Increasingly, the
anNSWEr IS YBS BY RICHARD P. MISLAN

SOLVERS

It was a dark and stormy night. In a narrow
alley on the west side of Chicago, a dead woman
is slumped inside her Mercedes, clutching

her mobile phone to her head, as if she were
still in conversation. Rain pours through the
broken car window, blown out by the bullet
that went through the woman’s temple. A small
crowd is standing around the car as Chicago
PD detective Nick Fasano arrives on the scene,
responding to a 911 call made by a witness
waiting in a restaurant line. Fasano knows he’s
looking at a homicide. For one thing, there’s
that bullet in her head. He immediately realizes
that another sort of witness to this crime might
be on the other end of that phone connection.

30 INT . IEEESPECTRUM - JULY 2010

He reaches through the open
car window to grab the phone
and thumb through its recent
call history. Then he stops
himself. He knows better than to
disturb a crime scene. And he’s
never seen that particular model
of phone—he could potentially
push the wrong buttons and
destroy evidence. He needs to
get that device to a forensic lab,
where the information can be
extracted properly, in a way that
preserves not only the contacts,
call histories, text messages,
e-mail, images, and videos but
also their admissibility in court.

DAN SAELINGER
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If the fictitious Fasano were a television detective, forensic exam-
iners would arrive in moments with high-tech tools and search the

phone on the spot. Fasano would have the information he needed

in 15 minutes and he’d solve the entire case within the hour. Here’s

the reality: Detectives don’t carry forensic tool kits that let them
search mobile devices. Instead, they photograph the scene and then
remove the phone. But this procedure is riddled with pitfalls.

A detective who finds a mobile phone at a crime scene imme-
diately has a decision to make—whether to turn the phone off or
leave it on. If he turns it off, the investigator in the lab may have to
deal with a password prompt when the phone restarts (60 percent
of people password-protect their phones, according to a 2009 study
by Credant Technologies). If the detective leaves it on, the phone
could receive calls and text messages during the drive to the lab,
which could force the device to overwrite information inadvertently.
It’s even possible that someone connected to the crime may hit the
phone with a text or e-mail “bomb” that floods the phone’s memory
with messages that crowd out all other previous calls from the log.

+ |[EEE SPECTRUM -

To prevent that, the detective could
leave the phone on and place it in a metal-
mesh shielding bag to block all signals.
Indeed, such products are readily avail-
able. But even that tactic would cause
problems. Placing the phone in such a
bag would erase vital location informa-
tion stored by certain kinds of phones—
after searching for a signal for a while,
the phone would give up and zero out the
register that holds location data. Bagging
the phone would also drain the battery
faster, because the phone, trying in vain
to lock on to a tower, would boost its
transmitting power to the maximum.
And these preservation bags aren’t com-
pletely impervious to wireless signals.
Drive within a few dozen meters of a cell-
phone tower and all bets are off.

Back to Fasano (who, along with the
others named in this article, is a fic-
tional character based on actual cases
I’ve come across in my work consulting
for federal, state, and local law enforce-
ment agencies). Fasano photographs the
scene and takes the cellphone. Because
the phone is already on and at least
75 percent charged, he leaves it on, with-
out a shielding bag, taking the risk that
incoming calls may overwrite evidence.
He races to the forensic lab.

At the lab, Fasano tells the forensic
examiner, Marla McKenna, about the
phone and its relationship to the crime
scene. McKenna tells Fasano the exam
will take several hours. Then she photo-
graphs the front and back of the phone
and takes a close-up of the screen. She
notes the name of the manufacturer—
HTC—and the carrier branded on the
phone’s case. She looks through her
selection of nearly 100 different data
cables, hunting for one that will fit. She’ll
need a charging cable soon as well.

She’s not sure of the model number;
that’s usually stamped under the battery,
and she’s not ready to remove the bat-
tery and kill the power. She goes online
tolook at phones by HTC, trying to home
in on the model by matching its styling
with the pictures on the screen. She
decides it’s an HTC Magic—an Android-
powered touch phone. Only now can she
determine what hardware and software
tools to use to examine this phone.

Believe it or not, there are actually
quite a few forensic tool kits available
that can suck out the binary contents
of cellphones. The group includes the
Universal Forensic Extraction Device
from CelleBrite Mobile, XRY and XACT
from Micro Systemation, Secure View
from Susteen, Aceso from Radio Tactics,
Device Seizure from Paraben Corp.,
MobileEdit Forensic from Compelson
Labs, and the Forensic Suite from
Oxygen Software. In choosing a forensic
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tool, McKenna must consider quite a few options, because
there is no one package that can disgorge the data inside
each and every mobile phone on the market. Some kits
were specifically developed to meet the needs of the exam-
iner, but most are offshoots of consumer products that
allow people to transfer photos, address books, ringtones,
and other stored information to a new phone from an old
one, or to synchronize calendars and contacts with files
stored on a personal computer.

Such consumer products, known as synchroniza-
tion tools, generally don’t meet all the needs of a foren-
sic specialist, because they don’t protect the phone data
from tampering, which means that the data might not
be admissible in court. Tools developed specifically for
the examination of evidence don’t make it impossible
to tamper with the data, but they make it easy to prove
that tampering did or didn’t happen. They do this by
means of a mathematical technique called hash func-
tions. When the forensic software pulls the data from
the phone into the computer, it automatically runs a set
of mathematical operations on the data, using those
operations to generate a series of numbers. Later, if
attorneys or judges question the quality of the evidence,
the software again runs the operations on the data file
and generates a new series of numbers. If the two sets
of numbers don’t match exactly, it’s likely the data
changed along the way—which would mean its authen-
ticity could be challenged in court.

The data we’ve been talking about so far comes from
the phone’s active memory, stored in static RAM chips
built into the phone. This active memory contains the
user’s contacts, call history, text messages, images,
videos, e-mail, and cached Web pages, as well as basic
information about the phone needed to connect it to the
network. Phones may also have removable memory cards,
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FORENSICS TO GO: CelleBrite Mobile’s
forensics kit includes cables and a handheld
computer that can pull pictures, videos, text
messages, call logs, and other data from

l cellphones and PDAs at a crime scene.
PHOTOS: CELLEBRITE

usually in the MicroSD format. Most forensic tools pull
this data as part of the active memory; the card may also
be removed from the phone later and read as if it were a
flash-based hard drive. For some phones, that’s where
the story ends. But phones built to the Global System for
Mobile Communications (GSM) standard have an addi-
tional storage area—a removable smart card known as
the subscriber identity module (SIM). GSM is the most
common phone standard outside the United States and is
also used by AT&T and T-Mobile USA inside the country.
The SIM contains the phone number, along with other
authentication and security information that allows the
phone to connect to the network. It also acts as a second-
ary storage bin for contacts, text messages, call history,
and other information that the user might want to take
with him if he switches to another phone; it’s up to the
user whether the phone sends that information to the
built-in memory or to the SIM.

The SIM can be a great place to look for evidence,
because deleting a text message or contact from the
SIM doesn’t necessarily mean that the corresponding
data is lost. Instead, it’s simply flagged as deleted, mak-
ing it no longer accessible to the phone; it doesn’t really
disappear until the number of stored messages exceeds
the SIM’s capacity, which is typically 20 or 40 messages.
Then only the oldest message is pushed out when a new
message comes in.
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CRIME
SOLVERS’
TOOLKITS

A sampling of
products on the
market

Free!

BitPim, built by
an open-source
community,
pulls basic data
from many
CDMA phones
manufactured
by LG, Samsung,
and Sanyo.
http://bitpim.org

US $800
to $1500

Oxygen
Forensic Suite
analyzes over
1500 basic
cellphones,
smartphones,
and PDAs, in
both logical
and physical
formats.
http://
oxygensoftware.
com

Paraben Device
Seizure covers
over 2000
cellphones,
smartphones,
PDAs, GPS
devices, and
SIM cards.
http://paraben.
com
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Extracting these hidden messages from the
SIM sometimes requires even more software tools.
Ideally, a forensic lab would have enough different
tools on hand to cover all the cellphone carriers
and models sold in its region. But the typical foren-
sics lab can afford only a small proportion of these
tools; they’re just too expensive, with prices often
in the tens of thousands of dollars. To make the sit-
uation even worse, these tools can handle only cer-
tain specific sets of data. For any one type of phone,
the lab must purchase one piece of software to pull
the contacts, call history, and text messages and
a second software tool to pull the images, videos,
and ringtones. And as a final blow to the lab bud-
get, the tools must be updated frequently to handle
new phone models, new versions of phone operat-
ing systems, and other technologies.

Let’s say McKenna’s lab currently has 12 dif-
ferent software and hardware tools, each using a
variety of communication protocols specific to var-
ious device manufacturers. These protocols, such
as BREW, OBEX, FBUS, and SyncML, to name
a few, allow the forensic hardware and software
tools to communicate with the various phones
and access their data on both the SIM card and
the main memory.

The next step is to move the phone data to a
computer that’s set up to preserve the evidence in
a legally acceptable way. Cellphone data is obvi-
ously different from blood spatters in the back of a
car, but for either to be used as evidence in a court
of law, it must be gathered according to standard
methods acceptable to that court.

Now that McKenna has selected software tools
and connected the cable, she waits—and hopes—
for the tool to connect to the phone. The tool may
try several different communication protocols to
do this. Finally, after several attempts, the soft-
ware starts transferring data from the phone to
the computer. Depending on the memory capac-
ity and the processor speed of the phone, this could
take anywhere from 5 minutes to 3 hours.

Unfortunately for the beleaguered McKenna,
this is a smartphone with a memory packed with
more than 750 contacts, at least 1000 text messages,
and more than 2000 e-mails, along with scores of
images and videos. She’s in for a long night.

JULY 2010

Getting data from a mobile phone is not like
backing up a hard drive—it’s more like surfing
the Internet. The software pulls the data from the
phone in context, starting with the contents of the
various phone books, its own number, and contacts,
as well as missed, dialed, and received calls. Then it
moves on to the message stores, including the draft,
in-box, and out-box files, before wrapping up with
the music, images and videos, and so on.

And that’s the reason matching the software to
the phone is so critical. For example, one common
set of software commands for the Motorola, Nokia,
Samsung, and Sony Ericsson phones all start
with the characters “AT,” which call the device
to “attention.” The convention is a holdover from
commands that controlled Hayes Communication
brand modems as far back as the 1970s. Other
phone manufacturers rely on proprietary commu-
nication protocols. And smartphone manufactur-
ers put their own twists on phone communications.
Apple, for example, uses the iTunes software, and
RIM uses its own BlackBerry desktop manager.

Ideally, some forensic tools create a duplicate
image of the data on the hard drive of the examin-
er’s computer, copying the data bit by bit. Getting
this kind of data from phones requires a spe-
cial cable that connects to the phone’s circuitry
through tiny contacts that are typically hidden
under the battery. In the worst cases, though, no
software is available for the specific phone in front
of the examiner.

For Fasano, there is hope. An Android phone
stores information in much the same way as a
hard drive—as a set of files within nested folders.
Several of the tools available can pull these files
onto the computer, either bit by bit, creating an
exact copy of the data on the computer’s hard disk,
or as a series of files and folders, preserving the
original nested structure. Were this an ordinary
cellphone, the software would instead sort the data
into simple sets of related information, like con-
tacts, text messages, images, and so on.

After about 2 hours, the forensic software fin-
ishes transferring the files to the computer and
analyzing them, categorizing the different types
of information. The software then generates a
192-page report detailing the recovered evidence.
Finally, McKenna goes through the screens by
hand, spot-checking the information to make sure
that the software did a complete and accurate job;
she may later have to testify to this fact in court.

After saving the report and respective e-mail,
image, and video files to a DVD, McKenna calls
Fasano. She has good news for him. She explains
that in those 192 pages there are close to 2000 text
messages, which may shed light on at least 100 dif-
ferent conversations the victim had over the last
year and a half with people among the 750 names
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found in her phone’s contacts list. Besides all that,
Fasano will also get access to other important
pieces of evidence from the phone, such as the call
history, received and sent e-mails, Internet brows-
ing history, and the browser cache.

Meanwhile, across town, several local, state,
and federal agencies are conducting a drug bust.
Jay Webb, the lead narcotics agent, is using a one-of-
a-kind tool kit developed out of the Cyber Forensics
Lab at Purdue University. (Full disclosure: Besides
consulting for law enforcement agencies, I am a
Purdue professor associated with that lab.) During
the bust, Webb and his men capture 13 different
phones from a group of men who were processing
crack cocaine until...well, very shortly before the
raid began. Right at the scene, moments after
the bust, Webb connects each of those phones to its
corresponding cable and to his laptop computer to
quickly get the most important evidence: contacts,
call history, text messages, specific images, and
videos. The software requires no forensic training
or even knowledge of the model of the phone he’s
dealing with. It can detect enough information about
the phone to decide for itself what protocols to use.
Within minutes Webb is tracking down other buy-
ers and sellers based on information retrieved from
the first of the 13 drug dealers’ phones.

It’s a basic scene that’s playing out with increas-
ing frequency all over the world, but not always
with the happy result that Webb achieves. Forensic
labs everywhere are being slammed with an influx
of mobile phones found at crime scenes—hundreds
of thousands annually in the United States alone.
So there’s a real need for investigators in the field
to be able to triage the key evidence before having
to take it to a lab for a full forensic exam. The prob-
lem is so acute that some ambitious detectives are
taking training courses and purchasing forensic
tools in an attempt to get a jump on their own labs.
Sadly, the time and energy expended in this effort
are often wasted. The initial software costs of up to
US $25 000 and ongoing costs of up to $5000 annu-
ally (for licenses and updates) are high, and many
times the tools sold to these detectives are too
advanced for their on-the-spot intelligence needs.

Often a first responder just needs quick infor-
mation from these devices, such as the call history,
the contacts, or the text messages. This informa-
tion is immensely useful in helping the on-scene
investigator determine the next steps in his inves-
tigation. The contact lists represent a useful group
of suspects, allies, and family members; the call
history tells who was most recently in commu-
nication with the victim or suspect; and the text
messages reveal those quick and easy private con-
versations that often give specific details of what
was going on perhaps moments before a murder or
a raid. Images and videos further fill out the por-
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trait that the information on the phone has started
to sketch about the owner (or former owner).

These new on-the-scene forensic tools are slowly
making their way into the hands of law enforce-
ment officials. However, with each new phone
come new services, new features and, sometimes,
new operating systems. The manufacturers strug-
gle to keep their tools up to date. So most detectives,
like Fasano, still have to wait for lab results.

Fasano’s story ends badly. When he returns
to the lab several hours later, he picks up the report.
As he sorts through its 192 pages, he realizes that
many of the text messages came from one con-
tact distraught over the end of a relationship; one
message reads, “You’ll be sorry.” Fasano grabs
for his cellphone to call the county prosecutor to
get an arrest warrant, but by the time the detec-
tive arrives at the suspect’s apartment, the place is
empty, showing signs of a hurried departure. After
several fruitless months, he drops the investigation.
Fast-forward five years. Fasano’s department,
having recognized the importance of cellphone
evidence, now has the latest tools, and a similar
story of crime will end this time in punishment.
In a narrow alley on the west side of Chicago,
a dead woman is slumped inside her Mercedes,
clutching her mobile phone to her head. Rain
pours through the broken car window, blown out
by the bullet that went through the woman’s tem-
ple. Chicago PD detective Nick Fasano arrives on
the scene, snakes a cable through the window, and
connects the phone to a handheld computer. Fasano
scrolls through the torrent of information to zero
in on a series of agitated text messages that grow
increasingly threatening. He notes the number of
the sender and forwards it to police headquarters,
where detectives finger the owner of the number and
send a squad car to his apartment to pick him up,
just as he arrives, spattered in blood. The suspect
confesses, and Fasano marks the case closed. a

TO PROBE FURTHER The Small Scale Digital Device
Forensics Journal (http://www.ssddlfj.org/current.asp)
publishes a wealth of articles about the theory, research,
and practice of mobile-device forensics. The Electronic
Evidence Information Center (http://www.e-evidence.
info/blogs.html) collects links to discussions about
digital-device forensics.
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$2500
to $3500

SecureView2
covers over
2200 devices
with analysis
tools that
createa
graphical
interface to the
data. http:.//
mobileforensics.
com

$7000

CelleBrite
UFED

(see photos,
“Forensics to
Go”) covers
more than
2500 devices
with a stand-
alone system
that doesn’t
require a
separate
computer.
http.//www.
cellebrite.com

$7500
to $10 000

Micro-
Systemation’s
LGAE-LEWSS
tool may
recover deleted
data, with
tamper-proof
reports.
http://msab.org

$25000

Logicube
CellDek is
an all-in-
one mobile
forensics kit
that points
users to the
right cables.
http://www.
logicube.com
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The World’s Best
GALLIUM NITRIDE

A little Polish company you’ve never beard of is beating the
tech titans in a key technology of the 21st century

BY RICHARD STEVENSON

GALLIUM DUST

Ammono’s first gallium
nitride crystals were
tiny, and metallic
impurities gave them a
brownish tint.

ROBERT LASKA (2)
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GALLIUM JEWEL
After nearly two decades

of refinement, Ammono’s
growth technigue now vyields
wondrously fine hexagonal

crystals up to 2 inches across.
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y ﬂ"pends For example, the

ﬁne{da‘taﬁ‘i’ciﬁi'i’le that rir ) 'dlSCS in Blu-ray players and
in the latest game machines. Better gallium nitride would also
let automakers make the power- handhng c1rcu1try in their
hybrid electric vehicles more efficient, improving mileage and
possibly even affordability. And with a fabulously good crystal
foundation, LEDs could perform better, speeding the demise
of the century-old incandescent bulb.

So far, though, gallium nitride crystals of good size and
archangelic purity have been beyond the grasp of all but one of
the companies that have worked for years to create them. That
company’s based not in Japan, Korea, or even the United States,
but in Poland. Meet Ammono, the greatest success story in
materials science you've never heard of.
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mon wisdom in the industry. Instead of growing crystals

with vapor deposition, the approach that all the leading
gallium nitride substrate manufacturers take, it grows them the
way the Earth does: under high heat and pressure.

Ammono, in Warsaw, is building up its stock of super-
high-quality gallium nitride crystals measuring 2 inches
(51 millimeters) at their longest dimension. In a year or so it
expects to have enough to start slicing some of them, salami-
style, to produce wafers that can be turned into the round
substrates on which semiconductors are grown. Admittedly,
51 mm is puny—a sixth the diameter of standard silicon wafers.
But this size dominates today’s market for gallium nitride sub-
strates, which are used as the foundation for making violet
lasers. Analysts’ estimates of
the market vary wildly, but
everybody agrees it’s upward
of US $100 million and that its
double-digit rate of growth
won’t end anytime soon.

It gets better: If Ammono
increases the crystal size
to 100 mm or more, major
players in the silicon indus-
try should start knocking on
the company’s door, hoping
to exploit other advantages
of gallium nitride besides
the color of the light it emits.
For instance, it conducts
heat far better than silicon
does. By making large sub-
strates from gallium nitride
rather than from silicon, you
can provide a better foun-
dation for the diodes and
transistors that convert bat-
tery power into a form that
a hybrid electric car can use.
That’s because the high currents heat up the chip, and if it’s
made of silicon, it’ll need a water-cooling system of its own.
Chips made of gallium nitride can simply share the cooling
system of the internal-combustion engine, cutting costs and
increasing the energy efficiency of the car. This potential
market will grow along with sales of hybrid electric vehicles;
according to analyst Philippe Roussel from the French firm
Yole Développement, chip production will gobble up 800 000
of these 100-mm substrates in 2015.

‘ HE COMPANY got where it is today by bucking the com-

Ammono’s president, Robert Dwiliriski, who pioneered

the development of the firm’s novel gallium nitride crys-
tal growth process nearly two decades ago. The inspiration for
its efforts can be traced back to a weekly seminar that Dwilifiski
attended as a physics undergraduate at the University of Warsaw.
He vividly remembers a talk given by Izabella Grzegory, a
researcher at the High Pressure Research Center of the Polish
Academy of Sciences, also in Warsaw. She lauded the strengths of
afamily of nitrides that promised to enable production of LEDs
with outputs ranging from the ultraviolet to the infrared. And
she claimed that their performance would be stunning.

‘ HAT KIND of success would fulfill a long-held ambition of
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Unlocking the true potential of these devices required
technological progress, including the development of a good
substrate. Gallium nitride devices today are often built on
substrates of sapphire, silicon carbide, or even plain silicon.
But in each of those materials, the atoms in the crystalline lat-
tice are spaced differently from those of gallium nitride, intro-
ducing a strain of the sort you’d get if you tried to stack goose
eggs on top of a layer of chicken eggs. What you really want
is a substrate sliced out of a large, pristine crystal of gallium
nitride itself. In fact, such a foundation always gives the best
results, and it is a prerequisite for laser manufacture.

Dwiliniski was intrigued by the challenge of making the
first gallium nitride substrates, a quest that immediately
became the central theme of his life. He resolved to pur-

GEMLIKE PERFECTION: Robert Dwiliriski, president of Ammono [with crystal], and cofounders Leszek
Sierzputowski [left], Roman Doradzirski [right], and Jerzy Garczrski [far right]. rroros: roserT Laska (2)

sue a Ph.D. in the subject, and to do that he needed a thesis
advisor. Finding one wasn’t easy, because Polish scientists
tend to eschew commercially oriented research. Fortunately,
one professor at the University of Warsaw did not: Maria
Kamiriska was willing to mentor him, and together they pur-
sued several methods for growing gallium nitride crystals.

Most semiconductor substrates today are manufactured by a
process invented in 1916 by the Polish scientist Jan Czochralski.
You begin with a tiny, high-quality crystal to seed the growth
process, then you rotate that seed crystal inside a melt of the
same material. As you slowly pull out the seed, the molten
material cools and solidifies around it, creating a cylinder that
is tapered at the ends. That cylinder is called a boule, and it is
what technicians slice to make wafers. The trouble is that gal-
lium nitride won’t succumb to the Czochralski process below
atemperature of 2225 °C and a pressure of 64 000 atmospheres
(6.49 gigapascals), comparable to conditions very deep within
the Earth’s mantle. “It is almost impossible to build such a sys-
tem,” says Dwilifiski.

So he looked at other methods, such as combining
gallium-based solutions and high nitrogen pressures in small
vessels, an approach that can form gallium nitride at a more

SPECTRUM.IEEE.ORG
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manageable 1500 °C. Such efforts were already under way in
the group where Grzegory worked, and while working on
his Ph.D., Dwiliniski teamed up with her and her coworkers.
But he soon realized that although the quality of the gallium
nitride crystals was outstanding, their dimensions were never
going to be big enough for the mass production of commercial
devices. Even today, this superhigh-pressure technique can
produce crystals no larger than 20 mm, and the logic of high-
pressure manufacturing makes it demonically hard to scale up
the process. The thickness of the walls of the pressure cham-
ber must increase by the cube of the increase in the size of the
inner chamber; on top of that, the assembly must stay strong
as temperatures rise to 1500 °C or more.

So Dwiliriski began investigating alternative growth pro-
cesses. He sought help from two
friends he’d known in school
and in the Boy Scouts who were
working on their own Ph.D.s.
Leszek Sierzputowski was an
expert in chemical processes, and
Roman Doradziriski was a theorist
skilled in thermodynamic calcu-
lations. Sierzputowski worked at
Warsaw University of Technology,
and he roped in a colleague, Jerzy
Garcziiski, who had expertise
in the design of high-pressure
growth systems.

All four of them were attracted
by the efficiency, low tempera-
tures, and reasonable pressures
associated with the commercial
process used to make quartz crys-
tals, which in a single run can turn
out 1200 kilograms of product,
most of which is made into crystal
oscillators of the sort used in inex-
pensive wristwatches. Could this
tried-and-true process be adapted
for gallium nitride? The group resolved to find out.

M ORE THAN a century ago, industrialists began making

quartz crystals by simply mimicking the way nature

doesit. Today’s quartz manufacture is based on the pro-
cess they developed. It begins with an autoclave—a vessel capa-
ble of withstanding high pressures and temperatures—filled to
the top with hundreds of quartzseed crystals. Underneath those
seed crystals is the feedstock, silicon dioxide gravel extracted
from Brazilian mines. To begin making a single large crystal,
you first put some water into the chamber. Then you shut the
autoclave and turn on the heat, boiling the water and driving
up the pressure within the container. At about 400 °C, the pres-
sure hits several hundred atmospheres, and the water is now
neither a gas nor a liquid but a supercritical fluid. Think of it
as a dense gas that moves freely and very quickly.

This supercritical water dissolves the silicon dioxide and,
driven by convection, transports the dissolved material to the
upper, cooler part of the autoclave, where the quartz seeds sit.
Here the supercritical solution cools, reducing the solubility
of the dissolved silicon dioxide and forcing it out of solution.
This precipitate adheres to each of the quartz crystals, acquir-
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ing their crystalline form and thus increasing their size. To
speed up what would be a glacial pace of growth, chemists
add either alkaline metal hydroxides, particularly sodium
hydroxide, or salts, such as sodium carbonate. These mate-
rials introduce negative ions that lead to a series of reactions
that ultimately increase the solubility of the feedstock, which
in turn makes it easier for dissolved material to move out of
solution and onto the crystals, speeding their growth.

To adapt the process for gallium nitride, Dwilifiski and
his colleagues made three alterations: First, they replaced
the silicon dioxide feedstock with gallium nitride, relying on
alkali metal amide mineralizers; second, they swapped water
for ammonia; third, they upped the temperature to 550 °C and
the pressure to 5000 atmospheres. The one thing that they
couldn’t do, though, was prime
the process with a handful of gal-
lium nitride seeds, which do not
occur in nature. They hoped that
temperature variations within
the autoclave would spur the
formation of tiny crystals, which
could serve as seeds later on.

It didn’t work, partly because
oxygen gas leaked into the
autoclave and contaminated
the growth. Then a tip from
Herbert Jacobs, a professor at
the Technical University of
Dortmund, Germany, set them
on the right track. Jacobs, too,
was growing rare-earth nitrides
using ammonia and heat, and he
helped the Polish workers devise
an oxygen-proof autoclave.

With their new, leak-proof
autoclave in hand, the research-
ers performed their first trial
run in 1993. It didn’t work at
first, but in a few months they
were regularly opening their autoclave to find a grayish
liquid inside. Filtering this revealed a pale yellow pow-
der containing tiny gallium nitride crystals. Initially, these
crystals were only a few micrometers in size—far too small
to see individually with the naked eye—but that didn’t
stop Dwiliniski from rejoicing. He knew he was onto some-
thing, because when these crystals were zapped with a laser,
they lit up, a phenomenon known as photoluminescence,
which couldn’t have occurred if they’d had many impuri-
ties. Probing with an X-ray source showed that they also
had the correct hexagonal crystal structure. In other words,
the crystals were first-rate.

The team had no money, and there were no domestic ven-
ture capitalists to appeal to. So they decided to plead their
case with the leading gallium nitride developers in the
United States, Europe, and Asia. The bold move paid off: In
the fall of 1999, Shuji Nakamura, then employed by Nichia
Corp., the Japanese firm he was boldly pushing into nitride
optoelectronics, flew in to see them and was impressed
with what he saw. On the advice of Nakamura—the inven-
tor of the gallium nitride laser—Nichia would fund a joint
research project to develop ammonothermal gallium nitride
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growth, and in return it would take a stake
in Ammono’s intellectual property, as well
as access to the crystals that were made.

So Ammono was under way, with the
four researchers cofounding the company
and renting a room in Warsaw from the
Industrial Chemistry Research Institute.
However, just a few months later, they heard
the news that shocked the entire nitride com-
munity: Nakamura was leaving Nichia for
the University of California, Santa Barbara.

The Nichia-Ammono relationship sur-
vived Nakamura’s departure. Before he
left, Ammono had already found a great
ally in Nichia’s Yasuo Kanbara, an open-
minded and enthusiastic researcher who
had already been mulling over the idea of
ammonothermal growth of gallium nitride.
He started visiting Ammono for a week
every few months, a schedule he kept for
several years. He also helped by sending
Ammono’s materials back to Japan, where
researchers characterized and tested it.

Ammono’s first challenge was to improve
the design of their autoclaves, which tended
to produce a lot of tiny gallium nitride crys-
tals but also allowed them to dissolve slowly
back again into the ammonia solution from
whence they had come. To avoid a “two
steps forward, one step back” process, in
2000 Ammono developed a new autoclave
that more precisely controlled the temper-
ature profile in the internal chamber. By
optimizing the difference in temperature
between the various parts of the autoclave,
the researchers could make the most out of
a peculiarity of the interaction of gallium,
ammonia, and the alkali metals. Generally,
a warm solvent can dissolve more material
than a cool one, which is why hot tea dis-
solves sugar more easily than iced tea. But if you put gallium
in ammonia, with the addition of small amounts of alkali met-
als, you get what’s called retrograde solubility instead: The
solubility decreases with increasing temperature.

Here’s how: The high-temperature, seed-containing zone
must be placed physically below rather than above the
low-temperature zone containing the feedstock. That way, the
ammonia solvent attacks the gallium nitride feedstock at the
top of the autoclave, first dissolving it and then transporting it
to the higher-temperature seed crystals below. There, where
the temperature is higher, the solubility is lower, and gallium
nitride precipitates from solution and grows on the seed.
What this means is that the seed can be hotter than the feed-
stock. At this high temperature the atoms are more mobile and
therefore more likely to take up the correct position in the lat-
tice, rather than getting stuck in the wrong place and marring
the crystal. Another advantage of this arrangement is that
unwanted impurities in the crystal are kept to a minimum,
because they are actually /ess soluble at the lower tempera-

‘ HIS PECULIARITY hasamajorimpact on autoclave design.
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How the Autoclave Works

At 500 °C or more, ammonia boils, forming a
supercritical solution, attacking the gallium nitride
feedstock, dissolving it, and transporting it to the
gallium nitride seeds. There the solubility is lower,
so gallium nitride leaves the solution and grows
on the seeds, enlarging them.

tures prevailing in the upper part of the reactor. There they
are forced out of solution and onto the surface of the autoclave.

Dwiliriski’s next step was to scale up the crystals. He
started by taking crystals produced in one growth run and
putting them back as seeds in the next. But when the crystals
reached a certain size, the autoclave constrained them from
getting any bigger. So for the past 10 years Ammono has built
a succession of ever-larger autoclaves.

At some point between 2000 and 2003—the company
refuses to say exactly when—it was able to make its first
1-inch-diameter gallium nitride substrate. Many other com-
panies would have crowed about it in public, but Ammono
kept quiet, sharing the philosophy of its Japanese backer.

“People know that if Nichia announces something, it’s not just
an idea,” says Dwiliriski. “They achieve something, develop
it to production, have ready product, and then advertise this
achievement together with something to sell.”

Ammono kept striving to make bigger crystals. At some
point, the autoclaves became so large that the company needed
larger rooms to accommodate them. (Autoclaves are long and
thin; the largest ones are about 3 meters high, and you may need
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another 3 meters of free space above that to take them apart for
reloading.) In 2003, Nichia agreed to finance a move to more spa-
cious quarters in return for shipments of substrates. Ammono

found a plot 25 km north of Warsaw and built a two-story com-
plex of offices, manufacturing facilities, tools to polish substrates

and characterize them, and even a couple of guest rooms.

Today, with 50 people on its payroll, Ammono is still a tiny
player in a minuscule niche of the semiconductor industry.
But it makes what are widely regarded as the world’s best gal-
lium nitride substrates, at sizes of 25 mm and 38 mm. They’re
not big enough to use in commercial production, but compa-
nies still want them to investigate what’s possible with the
best gallium nitride available today.

Ammono is now trying to accumulate enough 2-inch seeds
to begin manufacturing 2-inch substrates, the minimum size
for laser manufacturing lines. Only substrates of that size and
of surpassing quality—known as laser grade—will do. The
company must also convince its customers that its material
is significantly better and cheaper than what they are using
today. The target is clear: A single 2-inch laser-grade crystal
now sells for $5000.

Dwiliriski says that Ammono’s 2-inch material will be
priced competitively, but he insists that the cost will fall as pro-
duction ramps up, economies of scale kick in, and the manu-
facturing technology matures. He figures that the industry
wants to pay $1000 for a 2-inch piece of gallium nitride, and
here’s the good part: He reckons that the target is within the
reach of his ammonothermal growth method but impossible
with the industry’s standard method. Dwiliriski says there’s
no reason why his costs shouldn’t fall, in the long run, to those
common for gallium arsenide: $200 for a 4-inch substrate,
according to the global consulting firm Strategy Analytics.

HE INCUMBENT technology for manufacturing gallium
nitride substrates is called hydride vapor phase epitaxy
(HVPE). First, you heat a substrate, typically gallium
arsenide or sapphire, to around 1100 °C, after which you waft
amixture of gaseous compounds containing nitrogen and gal-
lium onto its surface. Here they decompose to release gallium
and nitrogen atoms, which form a gallium nitride film that can
be peeled off and sliced into substrates.

One of the strengths of HVPE is its fast growth rate, but
with speed comes a higher rate of defects. “There is talk of
crystalline growth at 800 micrometers per hour,” Dwiliriski
says, “but people involved say that you need to work in the
range of 50 to 100 pm per hour to avoid highly textured sur-
faces.” (That is, you must avoid any unwanted deviation
from the ideal, which is a surface that’s flat on the atomic
scale.) This rate is still about 10 times as fast as what you get
in ammonothermal growth, but the total amount of prod-
uct you can get through the factory isn’t necessarily higher,
because the autoclaves can be filled with hundreds of seeds
at a time. In comparison, the formation of a gallium nitride
crystal by HVPE tends to involve growth on one substrate at
a time. What’s more, ammonothermal growth can outper-
form HVPE on other fronts: Autoclave maintenance is sim-
ple because it doesn’t need cleaning, and all the gallium is
converted into product, versus less than 15 percent for HVPE.

Ammonothermal also trumps HVPE in material qual-
ity. Differences between the atomic spacing of the gallium
nitride crystal and the substrate on which it’s grown cause
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HVPE-grown gallium nitride to bend. Ammono’s process,
however, can achieve a substrate that’s 100 times as flat as
HVPE-grown material and has two or three orders of magni-
tude fewer defects, a mere 5000 per square centimeter. These
defects are a major pain for laser manufacturers because they
quench luminescence and shorten device lifetime.

Recent advances with gallium nitride lasers also strengthen
Ammono’s position. Over the last few years, researchers all over
the world have been trying to extend nitride laser emission to
the green part of the spectrum [see “Lasers Get the Green Light,”
IEEE Spectrum, March 2010]. One of the most promising ways
to do so is by growing lasers on different planes of the gallium
nitride crystal, known as the semipolar and nonpolar planes,
which Ammono’s superflat crystals can yield with particular
ease. That’s because the crystals’ greater flatness allows them
to grow, defect-free, to greater thickness—and that thickness is
needed to exploit the nonpolar and semipolar planes.

Ammono’s long-term commercial success hinges not only
on offering the market a better product for today but also on
fending off threats from nascent technologies. One of these,
known as the sodium-flux method, has many admirers,
including Dwiliriski himself, but he still doesn’t think it can
match ammonothermal’s growth. This seed-based rival pro-
cess involves molten gallium, which is mixed with sodium to
increase the amount of nitrogen that can be dissolved in this
solution at typical pressures of 70 to 80 atmospheres. Two-
inch crystals have been produced by this technique, and
they do have a lower defect density than HVPE-grown seeds.
However, variations in the ratio of gallium to nitrogen in the
solution make it hard to grow many crystals in a given run.

Ammono has finally stepped out of stealth mode and
started to court publicity. Technical conference presentations
began in 2007, when the company caused a stir by appear-
ing to come out of nowhere and claiming to have produced
large, very-high-quality crystals. This came as quite a shock
to delegates, who were used to hearing about a new idea at one
conference, followed by reports of incremental progress over
the next few years. But most of the nitride community now
accepts that the company’s material is very good.

NE QUESTION hanging over Ammono is whether its
Q superior substrates lead to superior devices. Nichia

clearly knows the answer, but the notoriously secre-
tive company isn’t giving anything away. However, Dwiliriski
maintains that the answer is a resounding yes and that the
substantial device benefits will soon become evident. Ammono
is collaborating with some research institutions that fabricate
devices, and the results generated by this effort should be pub-
lished in the academic press later this year.

The company plans to begin shipping 2-inch substrates in
the second half of next year. It also expects to produce its first
1-inch semipolar and nonpolar material, which will provide a
great foundation for making blue and green lasers. Ammono
expects to introduce 3-inch gallium nitride substrates in 2013
and 4-inch substrates in 2015.

Let’s hope that this fascinating little Polish company finds
abacker or two to speed the introduction of big substrates. Of
course, it would be good news for the makers of game play-
ers, laser TVs, and hybrid electric cars. More important, it
would be a triumph for the little guy who beats the world by
thinking in new ways. a
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“THERE’S A DARKLING, DUDE!
Come on!” It’s after
school in Louisville,
Colo., and two boys
are playing just
like generations of
kids before them—with
Lego bricks. As their little
yellow Lego guys battle some evil
monsters called the Darklings, the
boy in the blue shirt yelps to his
friend, “You gotta start building
a bridge now! Hurry!” A bridge
takes shape as interlocking
Lego bricks snap together.

But this is no ordinary playdate. The boys are sitting in a win-
dowless room behind a two-way mirror. Cameras monitor their
every move, and a scruffy technician taps notes into a laptop. The
biggest difference, though, is the Lego blocks themselves. They
aren’t made of plastic. They’re made of pixels.

The boys are play-testing Lego Universe, an online computer game
due out in October. Ten years in the making, the game is being cre-
ated here at a company called NetDevil, with supervision from the
Lego Group. It’s a children’s product, but it’s also serious business.
Lego Universe marks the legendary company’s first foray into mas-
sively multiplayer gaming, and for the iconic building-block maker,
it’s a major gamble. With the game, the creators are aiming to pull
offthree incredibly difficult feats: translating the creative, distinctly
tactile Lego experience into a virtual arena; creating an online envi-
ronment that’s both kid-friendly and kid-safe; and opening up a new
market for the US $2 billion toy company.

And because this is an international project and brand, address-
ing these issues is a global challenge. On launch, subscriptions will
be available to over 20 countries from Austria to the United States.
Success for this project—estimated to cost over $10 million to create,
though the Danish company does not make the budget publicly
available—is by no means assured. The company has had occa-
sional troubles before, such as trying to create its Lego theme parks.

Most massively multiplayer games cater to an older crowd,
where norms of behavior need not be strictly enforced. But Lego
Universe seeks to capture the grade school set and the estimated
$20 billion children’s game market. It’s one thing to unleash bawdy
mayhem in a fantasy game like EverQuest and quite another to nur-
ture a virtual play space where kids can be kids—and not fall prey
to predators or bullies or other unwelcome Internet lurkers. So
with Lego Universe, the company’s reputation as one of the most
venerated and parent-friendly toy brands is at stake.

In addition, Lego must stay faithful to its meticulous engineer-
ing. It can’t afford to disappoint users looking for the familiar
interplay of studded plastic pieces that families have been click-
ing together for generations. Everything built in the game must
be buildable in real life.
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But unlike traditional Lego play, the online version will offer
unprecedented opportunities for players to share and interact. The
sprawling Lego fantasyland will be able to support more than half
a million “brick heads” from around the world. Each player will
start by assembling a personal Lego miniature figure to serve
as his or her avatar. Players can then venture into the live Lego
Universe, where forces of chaos and destruction—monsters such
as the Darklings—threaten to destroy the Land of Imagination.

As players explore brightly colored lands such as the Avant
Gardens and the Gnarled Forest, they’ll get to build rocket ships
and skyscrapers and animals and whatever else they can imag-
ine. With over 2000 types of pieces in 26 colors, the variations are
seemingly endless. Players will also receive their own property,
which they can populate with their constructions. Using the simple
icon-based programming that Lego developed for its Mindstorms
robotics program, players can even animate their creations—
arocket ship that flies or a Ming dynasty vase that rotates when
visitors get close. And of course, online virtual creations can be
made physical—for a price. Using a service called Design by Me, a
player can have a kit of physical blocks shipped directly from the
Lego factory and then rebuild the virtual Lego construction for real.

“It’s definitely going to be a challenge,” says Michael Gartenberg,
apartner with Altimeter, a technology research firm based in New
York City. “They want and need to protect their brand; they need to
make sure this experience will be kid-friendly.” But given the pop-
ularity of Lego, there’s little room for error. “They’re taking a fairly
big risk and they have to get it right immediately,” Gartenberg
says. “It’s not something they can check out and hopefully have it
work and work out bugs. ” In the end, though, it all comes down
to winning over kids like the two boys behind the two-way mirror.

IN THE BEGINNING, there was the brick. And that uni-
versally recognized building block remains at the core

of Lego Universe. Of course, an online brick has no

substance; you can’t hold it in your hand or feel the

satisfying snap of connecting two blocks together.
Beyond replicating that sound, Lego doesn’t attempt the impossible.
wanted the objects in Lego Universe Inst?ad, the game p.uts allits emphasis on creating an auther'ltic sim-
) R ST (I ] S ulation of the building blocks themselves. “We couldn’t begin work
as the Lego bricks that children have on this game until we figured out how to make a virtual brick,” says

played with for generations. muces: LeGo Ronny Scherer, studio director of Lego Universe.

The brick has been through transformations before. When
Danish carpenter Ole Kirk Christiansen began making toys in
1932, they were all made of wood. He called his company Lego
after the Danish phrase for “play well,” /eg godt. With the adop-
tion of injection molding machines in the mid-1940s, Christiansen
and his son Godfred realized kids could play better with cellulose
acetate, and they created plastic bricks that could be connected.
The company began churning out brightly colored “automatic
binding bricks,” later made from sturdier acrylonitrile butadiene
styrene plastic, which is used to this day.

Lego has often enhanced the play experience with new tech-
nologies. Lego Mindstorms brought the bricks to life electro-
mechanically and has hooked millions of kids on robotics. Lego
video games, including Lego Indiana Jones and Lego Rock Band, are
now mainstays on home gaming consoles. In 2004, Lego intro-
duced its Digital Designer software, a free program that lets a
player design Lego models on-screen.

Lego began exploring the idea of a massively multiplayer
online game in 1999, but prospective developers repeatedly told
the company that there was no way to digitally replicate the
bricks—and all their studs and crannies—with the necessary

ALMOST REAL: The game designers
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fidelity. In 2006, Lego finally awarded the project to NetDevil, an online-
game company founded in 1997.

NetDevil was known among game aficionados for the nimble and real-
istic physics of games like Jumpgate, Auto Assault,and Warmonger, but it had
never done a children’s game before. NetDevil programmers were initially
stumped when they heard that players would likely be using graphics cards
that were several generations behind the times. “Kids tend to play on older
computers,” explains Ryan Seabury, NetDevil’s creative director. “They get
the hand-me-downs.” How on earth would they be able to render an entire
world of bricks for players using graphics cards built in 2003?

Digital objects aren’t solid; they consist of numerous flat polygons con-
nected into a 3-D shape. A simple-looking object isn’t necessarily simple
to render on screen. While an avatar in an online game such as World of
Warcraft might consist of 2500 triangles, a detailed rendering of a one-
centimeter-square Lego brick can have over 250 000, thanks to the per-
fectly round studs and other fine details.

“A digital brick has to look like a real brick,” says NetDevil technical
director, Eric Urdang, holding up a bright red rectangular block. “It has
to have that certain sheen and imperfections.”

NetDevil developers figured that they could have a maximum of 500 000
polygons on screen before the frame rate slowed and animations began to look
jerky. When programmers initially built a pirate ship, they found that it alone
contained 430 000 polygons. “The more polygons, the less you can do,” says
Urdang, “so we had to find smart ways to make this efficient.”

NetDevil spent two years experimenting with ways to decrease the poly-
gon counts. Techniques such as bump mapping—in which 3-D textures are
simulated with 2-D images—proved too unwieldy for the underpowered
graphics processors they were targeting. Instead, the solution came from
examining the real-life bricks. When Lego blocks are snapped together, the
interlocking studs disappear. So rather than draw every unseen portion of
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SHAPE-SHIFTING: When NetDevil artists built models from virtual
Lego bricks, they discovered that it required too many polygons. They
initially removed hidden triangles by hand but later automated the
process. Ultimately, their goal was to generate a model that could be
adequately displayed on computers with limited graphics hardware, yet
maintain the visual detail and resolution of the original. maces: neToevIL
46 INT -

IEEE SPECTRUM - JULY 2010

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

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

the brick, the computer could be instructed to draw
only the visible parts. “There’s lots of polygons you
can throw away,” says Urdang.

Though it sounds simple enough, the imple-
mentation was anything but. Urdang and his team
of 40 engineers applied a technique called hidden
surface removal, which involved going into the 3-D
model of each Lego object and manually erasing
the hidden portions. The team then spent another
two years automating the process, until what had
taken hours by hand could be done in seconds. That
430 000-polygon pirate ship got squeezed down to
just13 000 in a fraction of a second.

ONE DAY LAST SUMMER at NetDevil, the Lego
Universe team gathered around the table in the
company’s sprawling conference room for a proj-
ect code-named Naughty Duck. Lego ducks are
an inside joke at the company. Upon arrival at the
Danish headquarters, new employees are given the
fowl test, which involves building a duck out of just
six Lego pieces. The NetDevil challenge had a twist:
Using the same six duck pieces, team members were
asked to create the most obscene object imaginable.
“We got a lot of phalluses,” says Seabury.

The experiment was no laughing matter. Lego
Universe, like World of Warcraft or EverQuest, isn’t
just a product; it’s a social space. While Lego’s
core demographic is 8- to 12-year-olds, some of the
most ardent fans are adults. But as cautious par-
ents everywhere know, allowing unknown adults
to mix with young kids in an unsupervised, unfet-
tered environment is simply not wise. That’s as true
online as it is in the real world. Most online worlds
for kids such as Webkinz or Club Penguin address
this issue by granting users very limited freedom
to express themselves. But as I'm frequently told
throughout my visit, Lego is all about creativity,
and the company wants to foster that same spirit

SPECTRUM.IEEE.ORG
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online. At the same time, says Mark Hansen, senior
director of Lego Universe, “Children’s safety is high
priority. We don’t want to put kids at risk.”

So how do you balance creativity with safety?
Lego is taking several approaches. First, it’s charg-
ing for subscriptions to Lego Universe, which cre-
ates inherent accountability, because each account
can be traced back to an individual. That alone isn’t
adequate to rein in the riffraff; if a player subscribes
using a gift card or fills out the personal information
incorrectly, the account tells Lego very little.

The second safety backstop is having online
moderators. Though Lego hopes eventually to auto-
mate the moderation process, for now it will be con-
ducted by a designated team of employees around the
world. At any given time, roughly 100 Lego Universe
moderators—roughly one for every 500 players—
situated around the globe will be overseeing the game.

It turns out that safety is as much an engineer-
ing challenge as one of enforcement. “Positive social
behavior can be engineered into the game,” Seabury
says. NetDevil and Lego thought long and hard
about how to implement free-form building in the
online game. They certainly didn’t want to repeat
the experience of Electronic Arts, which struggled
to keep up with the provocatively shaped creatures
that users created in its online game Spore (which
earned the nickname Sporn).

Hence the Naughty Duck test. At various points
in Lego Universe, players will encounter a similarly
random pile of bricks and be challenged to arrange
them into something useful—say, an elevator or a
bridge. The test is called a showcase. By limiting each
showcase to a small number of bricks, Lego hopes to
limit abuses to the vaguely suggestive. Also, any new
showcase creation is viewable at first only by its cre-
ator. Ifa player is proud of her handiwork and wants
to show it off to others, she can submit it to Lego’s
moderators for approval. Things that Lego disap-
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LOVERS: The
concept art for
Lego Universe
visualized an
environment
where Lego
characters

natural-looking

landscapes.
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proves of extend well beyond phalluses; they also include reli-
gious symbols such as crosses and six-pointed stars.

The company is now looking at how to handle users who cre-
ate letters that can be linked together to spell profane words ina
variety of languages. It’s possible that Lego Universe players will
not be allowed to make shapes representing their ABCs, at least
not in public. But on their own property, which requires spe-
cial access, players will be freer to create (though even that con-
tent will still be subject to moderation). And when two players

“friend” each other, the content they share becomes trusted and
doesn’t necessarily get the same level of moderator scrutiny.

It’s not just Lego constructions that must be moderated. Lego
Universe also has chat rooms for its players. Other virtual worlds
for kids limit conversation to preselected chat phrases like “This
is fun!” or “What’s up?” Lego didn’t want to be quite that restrictive. Instead,
a user can compose messages from any of the roughly 2000 acceptable words
on a “white list.” Each language has its own list. Here, obscenity is not the
chief concern; bullying and predatory behavior are. At the moment, for exam-
ple, Lego will not allow numeric characters in messages, to try to prevent
users from giving out addresses and phone numbers. Moderators will be
checking in as well, which means that Lego needs employees who are profi-
cient in numerous languages.

The company will also employ a behavior rating system for the game,
using algorithms that will assign each player a “goodness score” (based
on such achievements as building and sharing well-made objects) and a

“badness score” (triggered by obscenity and bullying). “If a player does
inappropriate activity, they’ll be moderated more often,” says Scherer.

Ifit all sounds impossible to control, Lego admits that on a certain level, it
is. The easy answer would be simply to crack down—limit the chat, limit the
blocks, limit players’ ability to share. But that would go against the compa-
ny’s philosophy. “The platform is to inspire creativity,” says Seabury, “and
creativity doesn’t come if you block everyone’s ability to communicate.”

BACK AT NETDEVIL, the two play-testing boys head out, and
a girl and her mom arrive for their turn. In the lobby, the girl
gazes in awe at the life-size Lego figurines dressed up in hol-
iday outfits, standing on clouds of puffy white cotton amid
Lego reindeer.

The mother and daughter stop to peek in on a guy assembling a giant
Star Wars Millennium Falcon out of Lego bricks. He’s one of several full-
time employees assigned to test-build objects in the game to make sure
they can be constructed in real life. Behind him are rows and rows of
multicolored tubs of Lego pieces. With 10 million pieces in house, NetDevil
has one of the top five Lego collections in the world. “Wow,” says the girl,
eyes widening.

It’s exactly that sense of wonder that Lego hopes to foster and protect
online—despite skeptics who question just how effective virtual Lego can
be. “The computer game misses a very important component of play for
a child: human interaction,” says Mona Delahooke, a child psychology
expert with the American Psychological Association. “Building Lego cre-
ations with a parent or friend involves social communication—comment-
ing on each other’s work, sharing nonverbally by looking and smiling, giv-
ing and taking feedback, and so on. My concern with computer Lego is
that it takes away the human interface—which is play, children’s natural
language of learning.”

But even as its creators iron out the final technical and security hur-
dles, Lego Universe is already set to grow. It will launch with six thematic
worlds, with two to four new expansions each year. Ultimately, the goal
is to break down the fourth wall between plastic and pixels, so that some-
one can buy a box of Lego bricks in a store and play with them online or
off. “The design of Lego Universe is that all things Lego past, present, and
future can fit into this world,” says Scherer. Q

JULY 2010 - IEEE SPECTRUM - INT 47



http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=15587&adid=P47E1
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=15587adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15587&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=15587&adid=logo
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=15587adid=logo

THE HONG KONG

POLYTECHNIC UNIVERSITY
v TR 5

The Hong Kong Polytechnic University is the largest government-funded
tertiary institution in Hong Kong in terms of student numbers. It offers
programmes at Doctorate, Master’s, Bachelor’s degrees and Higher
Diploma levels. It has a full-time academic staff strength of around 1,400.
The total consolidated expenditure budget of the University is in excess
of HK$4 billion per year.

DEPARTMENT OF COMPUTING

Head of Department of Computing (Ref. 99726)

Founded in 1974, the Department of Computing of The Hong Kong
Polytechnic University was amongst the first in Hong Kong to offer
education in computing and information technology. As a provider of the
most versatile education in computing, information technology and
information systems, our undergraduate programmes are designed in
ways that can incorporate new applications, meet challenges and
respond to trends.

Apart from nurturing professional talents for society, the Department
excels in research and innovation. Leveraging its research strengths, we
make significant contributions to the economy with research services that
lead to technology transfer, consultancy projects and commercialisation.
Please visit the website at http://www.comp.polyu.edu.hk/ for more
information about the Department. The Department of Computing is a
constituent of the Faculty of Engineering, information of which is available
at http://www.polyu.edu.hk/feng/.

The University is now inviting applications and nominations for the post of
Head of Department of Computing. The successful candidate will be
appointed as Chair Professor or Professor and hold a concurrent
headship appointment.

The position calls for an academic leader with responsibilities of ensuring
the smooth and successful operation and sustainable development of
the Department. Reporting directly to the Dean of Faculty, the appointee
will be required to provide effective leadership in the development of
long-term strategies and plans of the Department, and provide support to
staff members in the Department for the accomplishment of strategic
objectives with high quality standards. Other responsibilities include
inspiring excellence in teaching, research and services; fostering strong
partnerships and collaborations with external organizations and
strengthening the international network of the Department and the
University; ensuring optimal deployment of human, financial and other
resources in the Department; and implementing an effective mechanism
to acquire donations and other forms of sponsorship to support the
University’s pursuits and long-term development.

Applicants should have (a) outstanding academic qualifications at
doctoral level in Computer Science, Information Technology, Information
Systems or related disciplines, evidence of eminent scholarship and
substantial relevant experience in a senior academic position; (b) a strong
track record of achievement in teaching, research, professional services
and leadership at a senior level; (c) demonstrated ability to build up a
strong team of faculty members with different research and cultural
backgrounds; (d) effective interpersonal communication and resources
management skills, and excellent adaptability to changes and challenges;
(e) good knowledge of the higher educational environment, preferably
including Hong Kong; and (f) a global perspective, and proven ability to
promote collaboration across departments and institutions. Experience
in fund-raising will be an additional advantage.

Remuneration and Conditions of Service
Terms of appointment and remuneration package are negotiable and
highly competitive.

Application

Applicants are invited to send detailed curriculum vitae with names and
addresses of two referees to the Human Resources Office, 13/F, Li Ka
Shing Tower, The Hong Kong Polytechnic University, Hung Hom,
Kowloon, Hong Kong [Fax: (852) 2764 3374; E-mail:
hrstaff@polyu.edu.hk], quoting position applied for and reference
number. Recruitment will continue until the position is filled.
Initial consideration of applications will commence in September
2010. Candidature may be obtained by nomination. The University
reserves the right not to fill this post or to make an appointment by
invitation. General information about the University is available on the
University’s World Wide Web Homepage http://www.polyu.edu.hk or
from the Human Resources Office [Tel: (852) 2766 5040]. Details of the
University’s Personal Information Collection Statement for recruitment
can be found at http://www.polyu.edu.hk/hro/jobpics.htm.

www.polyu.edu.hk
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AVAILABLE ON DEMAND WEBINARS:

Agility Development of Safety Critical Systems
This webinar presents a workflow tailored for safety critical systems
development that produces the right set of work products at the
right time with the minimum cost and effort.
www.spectrum.ieee.org/webinar/1585822

Capture the Concept —

A First Look at COMSOL Multiphysics 4.0
Learn how to analyze quickly and efficiently all relevant aspects
of your design to bring it to life.
www.spectrum.ieee.org/webinar/1587987

Top 10 Clean Energy Business Opportunities —
Design, Prototype, and Deploy

Learn about 10 clean energy business opportunities that address
important industry needs in the smart grid, wind, solar, biomass,
and energy storage markets.
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Improving Hybrid Electric Vehicle Design
through Advanced Numerical Simulation

Learn how engineers are using comprehensive numerical simulation
to understand, utilize and optimize the tight interplay of physics
that occur at both the component and system level of HEVs.
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Aerotek knows the value of
flexible staffing services.

Because let’s face it, business as usual ... rarely is.

Whether you're looking for one key person or an entire staff, Aerotek
has the experience, expertise and plenty of solutions to meet all your
ever-changing needs. We can find, hire and oversee your workforce.

And that can save time, money and your sanity. Maybe that’s why Aerotek
is the nation’s #1 provider of technical and engineering staffing as well
as a favorite of Fortune 1000 companies everywhere.

To find out how you can save time and money with Aerotek’s
Staffing Solutions, call 888-AEROTEK or visit aerotek.com.

People. Fit. Perfectly.®
MEMBER
Aerotek is an equal opportunity employer. An Allegis Group Company. © 2010 American Staffing Association
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Faculty Positions
at the School
of Engineering

Bar-llan University (Israel)

The School of Engineering at Bar-1lan University,
which will celebrate its 10" anniversary next year,
is in the process of expanding its programs and its
faculty body. It therefore has immediate openings
for several tenure-track faculty positions at all
levels. Applications will be accepted from highly
qualified individuals with outstanding competence
in areas related to electrical, computer, bio-, and
industrial engineering. In particular, applicants
with interest and demonstrated innovative
research in the following core areas of our School
of Engineering are encouraged to apply:

Electrical Engineering: Signal and Image
Processing, Communications, Micro and Nano
Electronics, Electro Optics and Photonics

Computer Engineering: Architecture, Embedded
Systems, Computer Networking, Real-Time Systems,
VISI Design and Electronic Design Automation

Bio-Engineering: Cell and Tissue
Engineering, Functional Biological Imaging,
Bioelectrical and Biomedical Measurements,
Interfaces between Cells and Microelectronic
structures, MEMS and Nano-Engineering

Industrial Engineering: Information Systems,
Production and Service Systems, Operations

and Project Management, System Analysis,
Electronic Commerce, Game theory, Quality
Assurance and Reliability, Production Planning

& Control, Supply Chain Management

Responsibilities include undergraduate and graduate
education, developing and sustaining externally
funded research programs, graduate student
supervision and mentoring, and professional/
institutional service. Besides having earned a

PhD in a field commensurate with their field

of expertise, candidates are expected to have

been a post-doc at a reputable university, to have
demonstrated excellence in research and the ability
to develop an independent research program,

and to have a strong interest in teaching at both
the undergraduate and graduate levels. Adjunct
senior faculty positions are also available.

Applications should include a letter of application
with a professional resume, statement of research and
teaching goals, and the names and contact information
of at least five references. Applicants should send all
material to Mrs. Dina Yeminy, Administrator, School
of Engineering. dina.yeminy@mail.biu.ac.il

Bar-llan University

Download free
white papers on

Secle

For Tech Insiders

trum
ontine

Learn more about the technologies that interest you
from the authoritative voices within your field.

Expand your personal know-how.
Download a free white paper today!

www.spectrum.ieee.org/whitepapers
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JobSite

The Right Candidate - Right Now!

How much better
would your company be
if there were more like you?

When your company needs to fill an important
position, they should look for a qualified candidate -
a fellow IEEE member.

Refer your Human Resource colleague to the IEEE
Job Site for a free job posting and they'll find the best
potential employees in the business.

The IEEE Job Site -
Named Top 100 Employment Site by Weddle's!

* Serves more than the membership of the IEEE and
its associated Technical Societies.

* Focuses on a potential audience of more than
2,000,000 engineers, tech professionals and
senior-level managers worldwide.

« Delivers your job posting instantly to registered
IEEE members.

* Pre-qualifies candidates electronically within minutes.

* Provides resumés matched to your needs quickly
and cost-effectively.

Find the right candidate - right now!

Visit the IEEE Job Site today at www.ieee.org/jobs/hrpromo I E E E
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Who Pays
More for
Wireless?
It Depends
on Whom
You Ask
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AVERAGE PRICE PER MINUTE (U.S. $)

CCORDING TO the Organisation
Afor Economic Co-operation and

Development (OECD), the price
of wireless phone service is lower in the
Netherlands than in any other developed
country, and it’s highest of all in the
United States. However, Merrill Lynch &
Co. recently issued a ranking order that’s
nearly the reverse, placing the U.S. price
second from the bottom (only Hong
Kong’s, not shown, was lower) and the
Netherlands price near the top.

How can both of these studies be
true? It is a classic example of comparing
apples to oranges—in this case, multi-
dimensional apples and oranges. By
choosing the dimensions for comparison
carefully, you can reach almost any
conclusion you want.

The OECD computes the price for three
fixed baskets of service. The “high use”
basket includes 246 minutes of calls per
month and 55 text messages. But by
American standards, this is low use. The
average American wireless user talks for

JULY 2010
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830 minutes a month and sends about
400 text messages. Why? For one thing,
most cellular pricing in the United States
is like much other U.S. pricing—you can get
a lot more minutes for just a few dollars
more, just as you can get a much bigger
drink at McDonald’s for a few cents more.
George Ford, chief economist at
the Phoenix Center for Advanced
Legal & Economic Public Policy
Studies, in Washington, D.C., says that
telecommunications companies are simply
doing what economic theory says they
should: responding to market conditions in
their own countries. “American consumers
are better off with the price structure in

Sources:
Organisation

for Economic
Co-operation and
Development,
“Communications
Outlook

the United States, and Dutch consumers 2009% Bank
are better off with the pricing structure in %ﬁ%%ﬁ
the Netherlands,” he says. Any study that “Global Wireless
condenses the complex wireless market ’gg’c”g;g?""
into a single “average price” paid by an release, “Mobile
phone calls low-

“average user” is bound to misrepresent
the actual diversity of user behaviors and
plans that are tailored to those behaviors.

—Dana Mackenzie

est in Finland,
Netherlands, and
Sweden, says
OECD report,”
11 August 2009.
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Can new uses for phaser data
measurements prevent blackouts?
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Find the latest power and energy
research in IEEE Xplore

Wherever you find people developing the most advanced
power and energy 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 energy conversion to superconductors—to building
fail-safe power grids.

When it comes to power and energy, the research that
matters is in IEEE Xplore.

See for yourself. Read “Wanted: A More Intelligent Grid"
only in |IEEE Xplore.

Try IEEE Xplore free—
visit www.ieee.org/bettergrid

IEEE Xplore® Digital Library ’
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THREE AIRCRAFT, A SINGLE MODEL,
AND 80% COMMON CODE.

THAT’S MODEL-BASED DESIGN.

To develop the unprecedented
three-version F-35, engineers

at Lockheed Martin created a
common system model to
simulate the avionics, propulsion,
and other systems, and

to automatically generate

final flight code.

The result: reusable designs,
rapid implementation, and
global teamwork. To learn more,
visit mathworks.com/mbd
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