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Key Sentence :

1. Fabrication of sub 10nm nanostructures

2. Demonstration of quantum nanodevices

3. Application of teraherz wave to material science

4. High resolution teraherz imaging technique

5. Carbon nanotubes for bio-sensor application

6. Medium energy ion scattering for 3-dimensional surface study
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Purpose of Research

In this laboratory, we are working on fabricating nanoscale-structures that are not realized with
conventional lithography techniques, exploring new physical properties in the structures, and
trying to apply them to functional nanodevices. For this purpose, we are interested in carbon
nanotubes and semiconductor nanowires, which are self-assembled and have extremely small
diameters, as building blocks of nanostructures as well as conventional semiconductor materials. A
basic structure of our interest is a quantum dot and a quantum wire. In the quantum dot structure,
a single electron charging effect (Coulomb blockade effect) and a zero-dimensional confinement
effect are important. The quantum wire with superconducting contacts is a new novel structure for
new physics research and application. With these unique effects, we study single electron transport
at low temperatures and try to apply the unique effects to nanoelectronic devices.

1. Device fabrication processes in nanoscale (Hida, Negishi, Tabata, Mori, Toyokawa, Shimoda,
Nishino, Asakura, Suzuki, Watanabe, Shiokawa, 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. The structures are observed and characterized with optical
spectroscopy and scanning tunneling microscope (STM).

(2)Growth technique for aligned carbon nanotubes for integrated nanodevice fabrication

To grow the aligned nanotubes is a important issue to fabricate integrated nanodevices. We have
succeeded in it by the methanol CVD (Chemical Vapor Deposition) with a use of quartz substrate.
The grown nanotubes could be transferred to another useful substrate for device fabrication, and in
fact we could made single electron transistor with the technique.

(3)Nanogap fabrication with novel self-assembled molecular lithography technique

To realize a nanogap less than 10nm in a controlled manner is important for measurements of a
molecular scale nanoparticle and a single molecule. For this purpose, we have developed a
technique with the novel self-assembled molecular lithography technique, and succeed in
measuring a conductance of an individual nanoparticle.

(4)Nanotube growth at ultra-low pressure

To lower the growth temperature of the nanotubes is an important issue for the practical
nanotube based nanodevices. We have found that this can be possible by growing nanotubes at low
pressure. The growth mechanism at lower temperature has been established.

2. Functionality in nanostructures and application to nanodevices (T. Mori, S. Y. Huang, T.
Morimoto, M. Shimizu, S. K. Shin, J. Tarun, M. Oie, Kutsuna, T. Kozakali, Y. Kawano, T. Yamaguchi,
K. Ishibashi)
(1) Single electron transistor (SET) operating at higher temperature

To operate SET at high temperature, it is important to reduce the self capacitance. We have
found that it is mainly determined by the capacitance at source and drain electrodes. To reduce it,
we have used low energy ion beam irradiation to form the tunnel barrier, in which case capacitance
at nanotube-nanotube junctions become low. In fact, SETs operated in temperatures higher than
liquid nitrogen.
(2) Quantum dots with Si nanowires

The important feature of the Si nanowire is that the width can be less than 10nm and the



surface is covered by a stable oxide layer. We have developed fabrication processes of quantum dots
with Si nanowires with diameters larger than 30nm. For nanowires of the order of 10nm in
diameter, the fabrication process needs to further investigation.
(3) Quantum dots with Ge nanowires

Germanium has a smaller effective mass than Si, so that the quantum effect becomes more
important. However, the device process is not easy because Ge nanowires are easily resolved in
water. To prevent this, we have developed a technique to cover them with Al203 grown by the atomic
layer deposition technique.
(4)InAs nanowires with superconducting contacts

An InAs nanowire with superconducting contacts may be a new SNS (Super/Nomal/Super)
system that is interesting from both physics point of view and a new qubit application. We have
developed to realize low contacts between the nanowire and the metal.
(5) Carbon nanotube with superconducting contacts

This system is a new SNS system with an extremely narrow “N” region. We have measured the
transport properties of the system with differerent coupling strength, 1) very strong coupling 2)
intermediate coupling 3) very weak coupling. In 1), we could see the Fabry Perot interference
without Coulomb blockade effect, and could observe supercurrent as well as signatures of multiple
Andreev scattering. In 2), the Kondo effect was observed when the contacts were in the normal state,
and when the contacts were in superconducting states, no supercurrent was observed, but the
multiple Andreev scattering was observed. In 3), only standard Coulomb diamonds were observed
with a gap at V=0 due to the superconducting gap.
(6) Quantum teraherz (THz) response of carbon nanotube quantum dots

Carbon nanotube quantum dots have energy scale as an artificial atom in a range of THz
frequencies. We have observed quantum response of carbon nanotube quantum dots to the THz
wave. To increase the coupling efficiency between the THz and nanotubes, the fabrication process to
form the antenna structures have been developed.

3. Development of inspection techniques in nanoscale
(1) All-in-one chip THz detector for near field THz imaging (Y. Kawano, and K. Ishibashi)

We have demonstrated higher resolution of THz imaging than that determined by the wave
length. This was done by fabricating a small hole with an antenna structure on the GaAs/AlGaAs 2-
dimensional electron gas that works as a detector. The probe will be used to study local physical
properties of material surface.

(2) Biosensor application carbon nanotube transistor (T. Mori, T. Morimoto, K. Omura, S. Yajima, K.
Ishibashi)

The carbon nanotube FET may be used for biosensor application. We have fabricated FETs with
individual double-wall carbon nanotubes (DWCNTSs), because the DWCNT-FET is considered to
have a larger transconductance than that of the single-wall carbon nanotube FET. The preliminary
sensor operation has been demonstrated by measuring the change in the source drain current when
the DWCNT was put in the solution that includes the biomolecule.

(3) Development of three-dimensional medium-energy ion scattering equipments (T. Kobayashi, A.
Koyama®s)

Three-dimensional medium-energy ion scattering (3D-MEIS) has been developed for
crystallographic structure of nanomaterials. The system of 3D-MEIS is that a pulsed He* ion beam
with a pulse width of ~2 ns at a medium energy of 100 keV is used for an incident beam, the
particles scattered by atoms in a sample are detected using a three-dimensional (position-sensitive
and time-resolving) detector. 3D-MEIS provides information on the two-dimensional blocking
pattern and flight times of particles scattered from a crystalline sample. Recently we developed a
compact 3D-MEIS system with a length of 4 m. In order to examine the performance of the system,
we have carried out experiments on single crystal Si samples and epitaxially grown SiGe films on Si
substrate. The results reveal that the compact 3D-MEIS system is feasible to analyze the structure
(strain) of thin films.
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