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Key Sentence :

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

3. Application of nanodevices for THz detection
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carbon nanotubes, semiconductor nanowires, graphene, single electron devices, quantum
nanodevices, Teraherz detection

Outline

To explore future nanoelectronics, we develop fabrication processes of sub-10nm structures, and
study their electronic properties to apply them to functional nanodevices. We use carbon nanotubes,
semiconductor (Si, Ge, InAs 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, CN'T/molecule heterostructures, and semiconductor/superconductor hybrid
nanostructures for use of single electron devices, quantum computing devices and new quantum
THz detectors, and so on.

1. Device fabrication processes in nanoscale (Hida, Nantoh, Zhou, , Nishino, 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. Besides, we have observed photoluminescence originating from confined states in the
nanotube quantum dot.

(2)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. The technique is
applying for the fabrication of superconducting contacts on the InAs nanowire with a sub-10nm gap.

2. Physics and application of nanodevices (Huang, Morimoto, Nishio, Fuse, Shin, Tarun, Kuno,
Hayashi, Tomizawa, Suzuki, Hirano, Ishii, Nishimura, Yamaguchi, Ishibashi)

(1) Quantum dots with Si and Ge nanowires

We have developed fabrication processes of quantum dots with Si and Ge nanowires with
diameters as large as 30nm. We have focused on the Ge nanowire for the quantum dot applications
since it has a smaller effective mass, which leads to the larger quantum effect. In the top gated
quantum dot, we have succeeded in realizing zero-electron in the dot by applying large negative
gate voltage.

(2) 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
observed a supecurrent in the structures as well as multi-Andreev reflection effect in the subgap
region. To investigate the energy spectrum of the Andreev qubit, we are preparing microwave
transmission experiments in the dilution refrigerator.

(3) Si nanowires with ferromagnetic electrodes

To study the transport of the spin polarized electrons in the Si nanowires, we have measured the
electrical resistance in the two terminal (local) and foru terminal (non local) geometries. We have
studied a temperature dependence of the spin singnal which decreased drastically as the
temperature was increased. It was found that the decrease comes from the increasing contribution
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of the thermally activated spin-unpolarized electrons, as the temperature is increased.

(4) Energy gap of the double-wall carbon nanotubes

The inner tube and the outer tube of the double-wall carbon nanotubes may have arbitrary chirality,
so they can be semiconducting and metallic. We have found characteristic gate voltage dependence
of the source-drain current, depending on the combination of the semiconducting and metallic inner
and outer tube. Using the ambipolar characteristics that appears when a HfO layer is deposited on
top of the nanotube, we were able to estimate a diameter dependence of the band gap.

(5) Teraherz detection with nanodevices

To enhance the coupling between the nanodevice and teraherz (THz) wave, we have fabricated
antenna structures on top of GaAs/AlGaAs two-dimensional electron gas detectors. THz signal was
enhance by several times in the antenna coupled device, compared with the device without antenna.
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