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his competitors had overlooked
certain customer needs in the PC
market: consumers wanted help-
ful service and effective product
support, in addition to good
value. “We started with the cus-
tomer, and then worked our way
back,” Dell explains in Brand New.
Focusing on the customer re-
quired the entrepreneurs’ per-
sonal involvement in the quotid-
ian aspects of their businesses.
Such interaction is rare in today’s
companies, many of which rely
on sophisticated technology to
determine spending habits and
consumer preferences. But
Koehn's entrepreneurs took a
grass-roots approach. “They
were all hands-on, ears-to-the-
street kinds of people,” Koehn
says. Shultz eavesdropped on
customer complaints at the counter. Dell
made door-to-door cold calls. Heinz and
Lauder devised ingenious schemes to
promote their brands. In the 1960s, after
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Lauder was denied a makeup counter at
Paris’s fashionable Galeries Lafayette, she
purposely spilled her Youth Dew bath oil

on the floor, causing customers to inquire

HARDWARE AT THE NANOSCALE

Liquid Computing

MAGINE A COMPUTER, suspended in
a flask of liquid, which assembles it-
self when the liquid is poured onto a
desktop. Sound like science fiction?
Hyman professor of chemistry
Charles Lieber is making it happen in his
laboratory, where researchers have already
created tiny logic circuits and memory—
the two main components of a com-
puter—in just this manner. And these cir-
cuits are tiny, just a few atoms across.
Lieber and his team of chemists have
done a kind of end-run around the silicon-
based microelectronics industry, which for
the last 35 years has been making transis-
tors—tiny switches that can be either on
or off—exponentially smaller every 18 to
24 months. Intel chairman emeritus Gor-
don Moore observed this doubling of com-
puting capacity as early as 1965, and his
observation became codified as “Moore’s
Law.” However, says Lieber, “continued

shrinkage ultimately becomes problematic
in terms of just how one achieves [it].” Sci-
entists anticipate that we will reach the
limits of our ability to create silicon chips
using standard fabrication line methods
sometime between 2012 and 2017.

That’s because manufacturers today
create microelectronic circuits either by
depositing silicon on a surface or by etch-
ing it away (for example, with acid). But
just as metal after it rusts “is sort of
rough,” says Lieber, current methods for
working with silicon leave rough surfaces
that, on the nanometer scale (a nanometer
is one billionth of a meter, or one hun-
dred-thousandth the width of a human
hair), constitute an ever greater propor-
tion of the tiny wires that make up those
circuits. “Ultimately, you can’t keep using
those methods,” he says, “because things
will be very non-uniform on a small scale.
The smaller circuits become, the more im-

Henry Heinz
at 36, in 1880.
Left: New
York’s first
electric sign,
put up by Heinz
in 1900 at Fifth
Avenue and 23rd
Street It used 1,200
lightbulbs and cost $90 per night in
electricity charges. The pickle logo at
the top was 40 feet long.

after the pleasing scent. Several
weeks later, the store relented
and granted Lauder her own
counter.
Naturally, such personal
involvement is labor-intensive,
2 and understanding customers
§ is a challenge. “But great service
§ is as compelling as a great prod-
2 uct,” Koehn says. “And if you can
get it right, you can own the
industry.” ~CATHERINE DUPREE
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perfections in the manufacturing process
begin to play a role in their performance.”
Lieber has “philosophical differences”
with the industry’s “top-down” approach
to nanotechnology—taking big things and
making them smaller. “The way to truly
revolutionize the future,” he says, “is to
take a completely different approach:
build things from the bottom up.” He has
done that by starting with the smallest of
building blocks—wires only three
nanometers across that can be produced
relatively cheaply on a bench top with a
few thousand dollars’ worth of equipment.
Lieber makes the building blocks using
a catalyst that favors growth in only one
direction. A key characteristic of the
process he developed is that it enables
nanowires to be prepared in virtually any
“flavor” (i.e., with specific conductive
properties). Mixing and matching flavors
can then lead to different types of devices.
The devices are made in an equally simple
manner: an alcohol solution of a specific
nanowire flavor is poured through a
grooved channel in a polymer block to
produce an array of parallel wires. An-
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other set of wires can be laid perpendicu-
lar to the first simply by rotating the ap-
paratus go degrees. Already, his lab has
produced a transistor just 10 atoms across.

The potential application in microelec-
tronics is obvious: the minute size of
these building blocks allows for higher
transistor densities, which could lead, at
least in principle, to more highly inte-
grated and powerful computers. In 10 or
20 years there might be no more need for
hard disks, because solid-state memory
could store so much data. The nanowire
computers of the future will be quite dif-
ferent from those we use today because
they will require new kinds of computer
architecture and software. Ultimately, the
most exciting thing about nanotechnolo-
gies is not the sheer power that such a
computer could provide, says Lieber, but
the fact that “you get fundamentally new
properties that you can’t even conceive of
when dealing with conventional materi-
als by scaling them down.”

In very small objects, for example, the
ratio of the surface area to the interior vol-
ume is much larger. “Things that happen
at the surface can therefore affect the
whole structure,” says Lieber. While an
electrical engineer might regard that as a
problem, it is a property that
can be used to advantage.
“Normally a molecule bind-
ing to the surface of a transis-
tor wouldr't have a big
effect,” he explains, “but
imagine a protein with a
charge on it coming up to
something very small, where
the surface is a big compo-
nent. You bring this charged
body up, and it biologically
or chemically switches the
transistor. In essence, you
can electrically detect when
you have a protein, a nucleic
acid, or anything else.” What
you have created is a sensor.

Hence, Lieber is now
working on a “proof of con-
cept” for the National Can-

Chemist Charles Lieber
with the building blocks of
tomorrow’s computers,
dissolved in solution.

cer Institute that will
demonstrate the use of
nanowire sensors for
early detection of
prostate cancer. In
principle, he says, you
could design a cen-
timeter-square chip to

detect a billion things
simultaneously, even |
variations in an indi-
vidual’s DNA. An un-
dergraduate student of
his is taking this idea
even further, and
working to create a bi-
ological computing in-
terface.

Another unusual
property of Lieber’s
nanowires is ballistic conductivity—that
is, when you introduce an electron into
such a system, it travels through the con-
ductor without losing energy. This prop-
erty could help reduce the heating that oc-
curs when electrons flow through normal
wires—a serious problem in highly inte-
grated electronics. One of Lieber’s gradu-
ate students has combined nanowires to
create light sources and detectors. This
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A parallel array of nanowires (thin brown lines, above),

each only 5 to 10 nanometers in diameter, and connected at each
end to gold electrodes. These nanowires can be configured for
diverse uses, ranging from ultra-sensitive biological sensors

to nonvolatile computer memory.

would allow optical circuits—*light is al-
ways much faster than electrons,” says
Lieber—to be integrated into a nanowire-
based computer. “Who knows?” he says.
“This may be a way of enabling the con-
cept of quantum computing.”

In classical computers, transistors or
bits must be either on or off, set to one or
to zero. But in a quantum computer, the
bits are simultaneously both one and zero.
This is called a superposition.
Light exhibits this property
in the sense that it is both a
wave and a particle: it is a
wave, or kind of superposi-
tion, until it is detected; at
that moment, it becomes a
particle, a single photon in a
single place. Superposition
theoretically allows quantum
computers to solve complex
algorithms (such as those
used in cryptography) that
would be impossible for a
conventional computer to
tackle. The time may be ripe
for a new motto: Think small.
Really small.

~JONATHAN SHAW
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