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carly 10 years ago Sumio ljima, sitting
at an elctron microscope at the NEC
Fundamental Research Laboratory in
Tsukuba, Japan, first noticed odd nano-
scopic threads lying in a smear of soor.
Made of pure carbon, a regular and symmetric a crysials,
these exquisitely thin, impressively long macromolecules
soon became known as nanotubes, and they have been the
object of intense sientific studyever since.
Just ecentl, they have become a subject or engineering as
ary propertes atributed to
nanorubes—among_them, superlative reslience, tensile
strength and thermal stabiliy—have fed fantasti predictions.
of microscopic robors, dent-resistant car bodies and cartl
quake-rsistant buildings. The first products 0 use nanorubes,
however, exploit none of these. Instead the carliet applica-
tions are electrical. Some General Morors cars already include
i

plasticp a
be electified during painting so that the paint willstick more
readily. And two nanotube-based lighting and display prod-
s are well on their way to market.
In the long term, perhaps the most valuable applications
will take furcher advantage of nanotubes’ unique electronic
pertics. Carbon nanotubes can in principle play the same
ole as silicon does in clectronic circuits, but at a molecular
scale where silicon and other standard semiconductors cease
to work. Although the electronics industry s already pushing
the critcal dimensions of transistors in commercial chips be-
n hs of a mes

low 200 nanometers (billiont }—about 400
atoms wide- f
miniaturization. Within

processes on
will begin to hit fundamental physical limit. Sell,there are
huge economic incentives to shrink devices further, because
the speed, density and effciency of microelectronic devices all
rise rapidly as the minimum feature size decreases. Experi-
‘ments over the past several years have given researchers hope
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\ They are stronger than steel, but the
most important uses for these threadlike
macromolecules may be in faster, more
efficient and more durable electronic devices

by Philip G. Collins and Phaedon Avouris
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