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1. Fabrication and characterization of molecular scale nanostructures
2. Physics in quantum nanodevices

3. Application of nanodevices for THz detection

4. Plasmonics applied for organic optical devices
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Outline
To explore future nanoelectronics, we develop fabrication processes of sub-10nm structures, and
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study their electronic properties to apply them to functional nanodevices. We use carbon nanotubes,
semiconductor (Si/Ge, InAs, InSb et al.) nanowires and functional molecules as building block of
those nanostructures. With a combination of the top-down and bottom-up technology, we fabricate
quantum dots, CNT/molecule heterostructures, and semiconductor/superconductor hybrid
nanostructures for use of single electron devices, quantum computing devices and new quantum
THz detectors, and so on. We also use plasmonic nanostructures to improve efficiencies in the
organic electroluminescent devices (OLED) and organic solar cells.

1. Device fabrication processes in nanoscale (Hida, Nantoh, Zhou, Nishino, Sassa, Watanabe,
Ishibashi)

To realize nanostructures with a size of several nm is difficult only with conventional
lithography techniques (top-down technology). A bottom-up technology in which the nanostructures
with several nm are easily formed in a self-assemble manner is a attractive technique for the aim.
However, to merge the two technology is needed to really fabricate extremely nanostructures that
can be applied for nanodevices. To do that, we are interested in carbon nanotubes and
semiconductor nanowires that have a diameter of several nm and a length longer than micron, as
building blocks of nanodevices.

(1) Fabrication of molecular scale nanostructures with carbon nanotubes

One of the unique features of the carbon nanotube is a possible chemical modification of its
surface. By using the feature, we are developing to fabricate molecular scale nanostructures with
carbon nanotubes and molecules. We have succeeded in realizing carbon nanotube-molecule
heterostructures, and observed electronic states in the individual carbon nanotube terminated by
molecules. We have also fabricated carbon nanotube quantum dots with molecules as a tunnel
barrier.

(2) Characterization of carbon nanotubes by a scanning gate technique

Individual carbon nanotubes bridged between two metallic contacts was characterized by the
scanning gate technique. It was found that the nanotube between the contacts was composed of
several segments of unintentionally made quantum dots. This may be due to the defects or
impurities in the nanotube, and the high quality nanotube is important to fabricate single quantum
dots with carbon nanotube.

2. Physics of nanodevices (Deacon, Hida, Yamaguchi, Fuse, Hayashi, Tomizawa, Suzuki, Hirano,
Ishii, Wada, Ishibashi)

(1) Quantum dots with Si/Ge core-shell nanowires

Si/Ge core-shell nanowires are attractive for quantum physics associated with the expected large
spin-orbit interaction. We are making efforts to fabricate quantum dots in the Si/Ge core-shell
nanowires with finger gates to the nanowire. To make good Ohmic contacts, nanowire growth
conditions are carefully adjusted to have a thin Si shell. At the moment, device fabrication processes
are being developed. From the gate voltage dependence, it was confirmed that holes were majority
carriers in the channel.

(2) InAs and InSb nanowires with superconducting contacts

InAs has a surface accumulation layer of electrons, so that it is easy to fabricate Ohmic contacts to
it. When the superconducting contacts are deposited on it with a distance less than a few hundreds
of nm’s, a supercurrent flows and Andreev bound states are assumed to be formed. We try to detect
the states by combining a loop that includes the SNS junction with a circuit resonator. These
nanowires have a large spin-orbit interaction, so that Majorana Fermions might be detected in the
system. To explore the possibility, we have demonstrated the Shapiro steps under microwave
irradiation. Unfortunately, we have not observed any signature yet.

(3) Optical properties of carbon nanotube quantum dots

We have observed an optical emission from carbon nanotube quantum dots with both ends
terminated by mmolecules. The emission peak was affected by quantum confinement in the dot, and
Rabi splitting was observed when the excitation intensity was increased.
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3. Device application (Okamoto, Kuno, Takatori, Ishibashi)

(1) Plasmonic devices

When light incidents onto a few ten nanometers thick gold or silver films, they reflect most of the
energy. However, we found that when the metallic film was covered with a thin J-aggregated dye
film, the transmittance was dramatically enhanced at the absorption-peak-wavelength. We
consider that the phenomenon is caused by the interaction between the surface plasmons on the
metallic surface and the dye molecules, because the transmission spectra exhibit clear Fano
shapes. Additionally, we proposed an organic thin-film solar cell in which the transparent
electrode, which contains rare metal, was replaced by a metallic thin film with a plasmonic
structure.
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