
 

New Material Could Improve Fabrication of
Nanoscale Components

June 23 2005

A team of chemists at Penn State has developed a new type of ultrathin
film, which has unusual properties that could improve the fabrication of
increasingly smaller and more intricate electronic and sensing devices.
The material, a single layer made from spherical cages of carbon atoms,
could enable more precise patterning of such devices with a wider range
of molecular components than now is possible with conventional self-
assembled monolayers. The research is published in the current issue of
the Journal of the American Chemical Society.

The molecules that make up the material have larger spaces and weaker
connections between them than do components of conventional self-
assembled monolayers. "The bonding and structural characteristics of
this monolayer give us the opportunity to replace its molecules with
different molecules very easily, which opens up lots of possibilities for
both directed patterning and self-assembled patterning," says Paul S.
Weiss, professor of chemistry and physics.

One of the advantages of Weiss's new monolayer material is that the
characteristics of its high-quality structure can improve the precision of
the lithography process in the fabrication of nanoscale devices. In this
process, the monolayer sheet would sit on a gold substrate, to which
other kinds of molecules bind after they displace some of the original
monolayer's carbon molecules. The molecules of the original monolayer
then can function as a kind of corral to keep the replacement molecules
from wandering. This controlling structure is an improvement over
conventional methods, during which patterns deposited on a bare gold
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surface have a tendency to spread by diffusion.

"Because weak interactions hold them in place, the monolayer molecules
can serve as easy-to-displace placeholders for other more strongly
interacting molecules," Weiss explains. "This property expands the range
of molecules that can be incorporated into the monolayer structure."

In addition to Weiss, the research team includes Penn State graduate
students Arrelaine A. Dameron and Lyndon F. Charles. This research
was supported by the Air Force Office of Scientific Research, Army
Research Office, Defense Advanced Research Projects Agency,
National Science Foundation, Office of Naval Research, and
Semiconductor Research Corporation.
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