
NEW VOICES IN CHEMISTRY

T
he semiconductor industry

that has transformed our world
has largely been a product of sur-
face- and condensed-phase
physics research. Of course,

there have been enormous contributions
from engineers who make it all work and
from materials scientists who bridge the
physics-engineering gap. Chemists, too,
have played an integral role by creating
processes and materials for wafer clean-
ing, lithography, chemical vapor deposi-
tion, and packaging. In the future, the
role of chemists and molecules could be
much greater—molecules might under-
pin device function.

For two or three decades, interest has
grown in “molecular electronics.”
Because incorporating molecules into
devices might lead to function that goes
beyond electronics, I prefer the term
“molecular devices.” Sometimes “molec-
ular device” is used to describe organic
light-emitting diodes and other macro-
scale technologies. The molecular
devices that I discuss here aim to under-
pin radically new technologies that will
be molecular not only in composition
but also in scale. In this new technology,
the placement and configuration of vir-
tually every molecule will be prescribed.

Why all the excitement—are revolu-
tionary new products just around the cor-
ner? The responsible answer is no. Mole-
cule-based technology engenders much
interest yet because it has little likelihood
of producing imminent
dividends, the danger
exists that the enthusi-
asm—and financial back-
ing—will dry up. My own
view is that talk of five-
year goals should be
replaced by targets meas-
ured in decades.

Two things have fo-
cused attention on mole-
cule-based technologies.
One is imminent need,
the other is a new capa-
bility. Technology road-
maps, best-guess plans of how semicon-
ductor device technology will develop,
predict that in 10 to 15 years there won’t

be any room to grow, or rather, shrink. It
is feared that most semiconductor devices
would become commodities, causing an
economic slowdown. As a result, people
are looking for the next technology. Mol-
ecules are attractive because they have

richly varied properties, and they are very,
very small. The idea is that molecules will
be used to make new devices that break
through the roadblocks at the end of the

technology roadmap,
allowing production of
better, cheaper, faster
devices.

Also fueling excite-
ment in molecular tech-
nology is a new capability.
The most important, rev-
olutionary development
has been the invention of
the scanning tunneling
microscope (STM). The
possibility of studying,
even manipulating, mat-
ter at the atomic scale

enabled by the STM is largely responsible
for spawning nanoscale science.

Although the end of the technology

roadmap is in sight and developments in
nanoscale science are coming rapidly, we
have a long way to go. No substantial plans
for molecular devices have been proven,
and methodologies for fabrication are in
their infancy. Most work to date uses con-
ventional lithographic methods and applies
amorphous layers of molecules in an effort
to characterize molecules designed to be
tiny conductors or perhaps switches.

My view is that we need a truly “bot-
tom-up” approach, which means fully
understanding adsorption, atomic posi-

tion, and bond lengths, angles, and
polarization. This thorough route might
not be the quickest way to produce
devices, but it is the route that will best
realize potential.

The problems we face are vast. The
crucial issue of making connections to
candidate molecular devices is itself
enormous. My feeling—admittedly still
a minority one—is that the way to get a
foothold on molecular devices is to aim
at hybrid silicon-organic devices. It does-
n’t make sense for molecules to compete
with silicon as a computing engine.

Molecules need a niche, so why not
aim at silicon’s weaknesses? Silicon-based
technology is not suited to light emis-
sion or light detection, and, perhaps
most importantly, silicon can’t begin to
interact with molecules in the infinitely
varied and sensitive ways that other mol-
ecules can. Molecules can absorb light
efficiently and emit light, and nature is
based on specific and subtle molecule
interaction and recognition events. I sug-
gest we build on silicon as a platform, use

that base to achieve physical support,
addressing, supply of power, etcetera, and
aim to enhance silicon-based devices rather
than supplant them.

My colleagues and I have helped estab-
lish methods for understanding the sub-
tle details of organic molecule-silicon
interactions and structure, and we are
moving ahead with plans to make, con-
nect, and activate hybrid organic-silicon
structures. Teams like ours, with both
physicists and chemists, have many excit-
ing opportunities ahead.
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