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In this research project, new efficient manufacturing processes of metallic nanostructures on substrates
are developed for the development of plasmonic nano devices. In order to produce Au nanodot arrays at
high through-put and low production cost, new fabrication processes of metallic nanostructures by the
combination of top—down and bottom—up approaches are proposed. These processes are based on a new idea
to utilize the nano imprinting method with polymer mold as the top—down approach, sputter coating and
self-organization by thermal dewetting is employed as the bottom—up approach. Feasibility of these
processes are studied experimentally. Nanodot arrays and nanowire structures were manufactured by the
proposed method.

In this study, a polymer mold was used as an imprinting mold. It was prepared by hot embossing nano
patterns of a mother mold on a Cyclo Olefin Polymer (COP) film. A mother mold was prepared from a silicon
wafer by photolithography method. Polymer mold was used for nano imprinting for the template thermal
dewetting process. For the first proposed method, the direct nano imprinting is utilized as the top—down
approach. A polymer film mold is used for direct nanoimprinting on a metal film deposited on a substrate.
Then, self-organization of metal nanodots by thermal dewetting was studied. The experimental results shown
that COP film mold is effective to form a micro groove pattern on the Au thin film. It is also revealed
that the micro groove on the Au film is effective to align nanodots in lines. It is also confirmed that
the micro grooves patterning by the COP film mold is useful to control dot size and dot alignment in the
thermal dewetting process. For the second proposed method, the nano chemical stamping method is utilized
as top—down approach. A pattern of micrometer size is printed with acetone on the substrate by means of
stamping with COP film stamp. Then, a gold film is deposited on the substrate. Substrate is annealed to
arise self-organization of metal nanodots. Since the acetone stamped on the substrate reduce surface energy
of substrate, and they affect the contact angle of gold nanodots, gold nanodots are distributed along
with the stamped pattern. It is revealed that the pattern stamped with acetone on the substrate works
as a template of the thermal dewetting process. Nano chemical stamping technique is useful to control
the distribution of nanodots size. For the third proposed method, a new efficient to fabricate metallic
nano—wires structure is developed. The combination of nano chemical stamping with a polymer stamp and
selective peeling technique was examined experimentally. The experimental results shown that the acetone
bands and space bands pattern of Au thin film obviously appears on the substrate. Since acetone stamped
on the substrate reduce the surface energy of substrate related to the adhesion between Au film and substrate
is decreased. Therefore, the acetone bands were easily peeled off by an adhesive. However the gold film
in the space bands stuck on the substrate as nano—wires structure. It is demonstrated that the nano chemical
patterns stamped with acetone on the substrate works as a template of selective peeling process. Nano
chemical stamping technique is useful to produce metallic nano-wires structure.

In addition, the optical properties of the nanostructures on substrate were studied by measuring the
extinction spectrum. It is found that the metallic nanostructures fabricated in this study exhibit strong
extinction spectrum due to the Localized Surface Plasmon Resonance (LSPR).
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