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Key Sentence :

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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carbon nanotubes, semiconductor nanowires, graphene, single electron devices, quantum
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Outline

To explore future nanoelectronics, we develop fabrication processes of sub-10nm structures, and
study their electronic and optical properties to apply them to functional nanodevices. We use carbon
nanotubes, semiconductor (Si/Ge, InAs, InSb et al.) nanowires, graphene 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, Matsuno, Nantoh, Yamaguchi, Tomizawa*6,
Ishibashi)

To realize nanostructures with a size of several nm is difficult only with the 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 an attractive technique for the aim.
However, to merge the two technologies 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) Characterization of individual single-walled carbon nanotubes by the scanning gate microscope
When electrical transport properties are measured for the individual single-walled carbon
nanotubes (SWNTSs), complicated single electron transport properties are usually observed because
of unwanted tunnel barriers formed in the SWNT and at the SWNT/metal contacts. The scanning
gate microscope measurements were carried out at milli-Kelvin temperature in an individual
SWNT which showed the multi-dot behavior in simple transport measurements. The coupling
properties of the quantum dots which were unintentionally formed were characterized.

(2) Fabrication of coupled quantum dots in multi-wall carbon nanotubes

To form tunnel barriers in an arbitrary position, the local ion (or atom) beam irradiation technique
has been developed to the multi-wall carbon nanotubes. With the technique, we like to fabricate
coupled quantum dots for the THz detection. We have characterized the barrier that is formed by
the technique, by measuring temperature dependence of the resistance of an individual MWNT that
included a single tunnel barrier.

2. Physics of nanodevices (Deacon, Sassa, Wang*l, Maeda*t, Tsujimura*é, Yamazaki*6, Sjimizu*s,
Wada*6, Tokunaga*6, Okamoto, Takatori*6, Nishino*4, Ishibashi)

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

Si/Ge core-shell nanowires are attractive for studying quantum physics associated with the
expected large spin-orbit interaction. With this, the fast electrical control of the spin could be
expected. The large Rashba-type spin orbit interaction has been predicted in the core/shell
structure. These make the system attractive for the spin qubit. We have developed a technology to
form the coupled quantum dots with finger gates and to realize low contact resistance. We could
form coupled quantum dots that showed the typical double-dot charge stability diagram.

(2) Nanowires with superconducting contacts

Nanowire/superconductor hybrid SNS structures are interesting in terms of the predicted Andreev
bound states formed in the nanowire and a system to search for the Majorana states. To probe the
bound states, we are developing a process technology to incorporate the SNS structures with a
nanowire in the superconducting microwave cavity. At this moment, we could fabricate the half and
quarter wavelength resonators and could observe the resonance in a dilution refrigerator
temperature.
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(3) Quantum devices combined with the superconducting circuit resonators

An atom-cavity interaction is one of the important subjects in quantum optics. Similar study could
be done with the artificial atoms in a microwave circuit cavity. This opens up a new possibility of
quantum devices in terms of controlling the quantum states and communication among different
quantum devices. We have developed a process to fabricate coupled quantum dots with InSb, InAs,
or Ge/Si core-shell nanowires, and incorporated in the half-wavelength microwave cavity. We could
observe the single electron transport in resonance measurements as well as transport
measurement.

(4) Development of photo-responsive organic materials

The key for a passive mode-type light modulation technology should lie in materials that can
present photo-induced refractive index changes. Azo-type photochromic molecules are promising
candidate for the large change of optical susceptibility with structural changes of molecules. The
dynamics of molecule changes in solid states, however, has not been understood well. In this fiscal
year, we have proceeded with the development of systems to measure temporal changes of refractive
indices and absorption coefficients with respect to injected light polarizations. As a result,
anticipated signals were successfully obtained from films incorporating reference azo dyes. A
detailed study with newly synthesized azo dyes is planned in the next year.

(5) Surface exciton polaritons supported by an organic medium

Surface electromagnetic waves, called surface polaritons, are supported by interfaces between
negative-permittivity media and positive-permittivity media. Surface polaritons can be confined
in a volume whose dimension is much smaller than the wavelength in vacuum. We demonstrated
that surface exciton polaritons could be supported by the surface of J aggregates of cyanine dyes.
As far as we know, these surface exciton polaritons are the first ones supported by organic
materials.
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