
NEW VOICES IN CHEMISTRY

I
n 1874, two years before the amer-

ican Chemical Society was founded,
Ferdinand Braun made  the first obser-
vation of current rectification at a semi-
conductor interface. Since then, ACS

has grown from an initial membership of
around 35 to more than 163,000, and the
semiconductor interface has spawned both
the expansive microelectronics industry
and a technological revolution. 

Throughout the development of mod-
ern microelectronics, chemistry has been
a central contributor. And as we look to
the next 125 years, the opportunities for
chemists to develop devices for the useful
manipulation of electrical energy are
greater than ever. They include the con-
tinued development of traditional silicon-
based devices, the application of new active
materials in architectures analogous to con-
ventional semiconductor electronics, and
the exploration of new paradigms in
nanoscale electronics.

Chemists versed in semiconductor elec-
tronics will play a major role in the contin-
ued evolution of silicon-based devices over
the next few decades. Areas for innovation
include the development of new materials
such as dielectrics and photoresists, the
integration of microelectronics and chem-
ical analysis systems, and the development
of economically and environmentally sound
“green” manufacturing options.

Progress in these areas will require well-
trained chemists who are familiar with fun-
damental semiconductor device physics
and fabrication and are able to work closely
with other scientists and engineers. To meet
future demand for these chemists, new
advanced degree programs that bridge basic
science curricula in chemistry to careers in
microelectronics—such as those developed
through the Materials Science Institute at
the University of Oregon—will be increas-
ingly important.

The significance of semiconductor elec-
tronics also has stimulated substantial inter-
est in systems that mimic the behavior of
conventional solid-state devices using non-
traditional materials such as molecular
assemblies, conjugated polymers, carbon

nanotubes, and metal and semiconductor
nanoparticles. Regardless of whether such
materials eventually supplant the inorganic
semiconductor interface, their study will
continue to stimulate important funda-
mental study for decades to come. One
avenue in which nontraditional materials
are being explored for device applications
relies on analogies to conventional micro-
electronic devices. Such analogies can be
empowering as well as limiting.

For instance, the classic interface be-
tween p-type and n-type silicon (the pn
junction) has been a useful prototype in
designing current rectifiers (diodes) that

are based on a wide range of materials. This
approach qualitatively works because it
introduces asymmetry as a design rule; how-
ever, in many cases, the fundamental ori-
gin of current rectification bears little rela-
tion to that at the silicon pn junction, raising
the possibility for serious misinterpreta-
tion. Overusing analogy also can inhibit
innovation by causing the unique proper-
ties of new materials to be overlooked. 

One illustration of these points comes
from our work on the hybrid interface
between an n-type inorganic semiconduc-
tor and an oxidatively doped (p-type) con-

jugated polymer. Such interfaces exhibit
current rectification analogous to the pn
junction (but they are more closely related
to semiconductor metal interfaces). Unlike
conventional semiconductor diodes, how-
ever, the unique redox chemistry of con-
jugated polymers allows for active and
continuous control over the electrical char-
acteristics of the interface, resulting in the
first example of a semiconductor diode with
actively tunable rectification properties.

Asecond avenue in exploring the applica-
tions of nontraditional materials focuses
on nanoscale devices. At such length scales,
analogies to conventional semiconductor
electronics fail as quantization effects and
unusual phenomena such as ballistic
transport or Coulomb blockade become
important.

There are many exciting challenges in
understanding the properties of nanoscale
matter and how those properties can be
exploited in performing functions analo-
gous to current-day microelectronics but
perhaps based on entirely different princi-
ples. The exploitation of quantum effects
and analogies to biological systems are likely
themes. Immediate opportunities include
the synthesis of nanoscale materials and the
fundamental study of the rich phenomena
they exhibit, methods for the assembly of
nanoscale building blocks and molecules
into complex structures, and the develop-
ment of nanoscale characterization tools.
The latter area is particularly important, as
illustrated by the vast studies enabled by
the advent of scanning probe microscopy.
Nonetheless, more tools are needed, and
in many cases, the issues confronting the
characterization of nanoscale structures are
the same as those limiting their application
in devices. Most notable is the issue of elec-
trically contacting nanoscale structures. 

Perhaps on the occasion of ACS’s 250th
anniversary, we will look back on present-
day observations in the emerging field of
nanoelectronics in much the same way that
we now remember Braun’s early observa-
tions. Regardless, this emerging field will
continue to push the useful convergence of
fundamental science and engineering—and
chemistry will remain a central contributor.

Mark Lonergan is an assistant professor in the
chemistry department and the Materials Science
Institute at the University of Oregon. He earned
a B.S. in chemistry and mathematics from the
University of Oregon in 1990 and a Ph.D in
chemistry from Northwestern University in
1994. He was a postdoctoral fellow at Califor-
nia Institute of Technology from 1994 to 1996. 

MARK C. LONERGAN

CONVERGENCE OF SCIENCE
AND ENGINEERING
Together, chemistry and microelectronics bring
about emerging field of nanoelectronics

INTERACTION Graduate student
Calvin Cheng (left) discusses an
experiment with Lonergan.


