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1. Development of fabrication processes in nano-
scale
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The fabrication process is studied which would realize
a device fabrication below 10 nm. To overcome the limita-
tion set by the standard lithography, we take advantage of
carbon nanotubes (CNTs) which have an extremely small
diameter. The basic device fabrication process has been
developed to use CNTs as a building block for nanode-
vices. It turned out to be important to grow high quality
CNTs, so the CVD (Chemical Vapor Deposition) process
with Fe or Co catalyst particles has been developed. High
quality growth was confirmed by Raman spectra.

2. Study of physics in nanostructures and the
creation of functional nanodevices

Nanoelectronics is one of the possible forms of a new
functional electronic system which should play a comple-
mentary role to Si-based digital electronics. Single elec-
tronics, quantum computing and spintronics may be pos-
sible forms of nanoelectronics, we explore the necessary
functionalities for them with nanodevices. Single electron
devices, a charge qubit with coupled quantum dots, and a
spin qubit with a single quantum dot are under investiga-
tion. These devices are going to be fabricated with carbon
nanotube (CNT) quantum dots. We have succeeded in the
fabrication of a single electron inverter and a XOR device
with a two-input single electron transistor (SET). It was
found that the upper limit of the operation temperature
was not determined by the charging energy, but by the
tunnel barrier height at the metal-CNT interface.

Shell structures have for the first time been observed in
single-wall carbon nanotube quantum dots. It was found
that a two or four electron shell structure is able to be
observed, depending on the difference between the zero-
dimensional level spacing and the subband mismatch. For
one electron in a shell, the Zeeman splitting of the single
particle state was observed, and for two electrons in a shell,
the singlet and triplet states, the quantum state for two
interacting electrons, have been directly observed.

Hybrid structures of the CNT device and the GaAs/
AlGaAs two-dimensional electron gas (2DEG) were fab-
ricated, and the SET was successfully demonstrated with
the 2DEG as a gate. Furthermore, the gating with the
2DEG was switched on and off by biasing on a quantum
point contact (QPC) that was fabricated between the CNT
dot and the position where the gate voltage was applied.

3. Development of ultraviolet light source with
GaNN based materials

The demands for high-intensity ultraviolet (UV) laser
diodes (LDs) and light-emitting diodes (LEDs) are in-
creasing in the fields of high-density optical storage, high-
efficiency lighting, and the biochemical and medical fields.
GaN and III-nitride compound semiconductors are attract-
ing considerable attention as candidate materials for the
realization of UV-LDs and LEDs. The purpose of our
work is to develop high-intensity UV-LEDs or LDs oper-
ating in the 250-350nm wavelength range. We demon-
strated room temperature (R.T.) intense deep UV emis-
sion with wavelengths in the range of 280-350 nm from
quaternary InxlAlyl Gal_xl_le/InxgAlngal_Xg_yzN multi—
quantum wells (MQWSs) grown by metal organic vapor-
phase-epitaxy (MOVPE). We found that impurities incor-
porated in the InAlGaN crystal heavily affect the emission
efficiency of deep-UV light. A significant reduction of the
impurity in quaternary InAlGaN crystals were achieved by
growing the crystal with a higher growth presser, which led
to a drastical improvement of the emission efficiency in the
deep-UV region.
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