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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, and functional molecules as building
block of those nanostructures. We fabricate atomic scale structures by atom manipulation
techniques and study physics there. By combining the top-down and bottom-up technologies, 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. We focus on the spin-orbit (SO) interaction to control the spins, and for
that we explore new functional oxide materials with a large SO interaction. 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, Yamaguchi, Tomizawa*5, Suzuki*s,
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) Atomic scale nanostructure fabricated by the atom manipulation technique

We have been studying a technique to create novel electronic states by positioning adsorbates on
the surface in atomic scale using atom manipulation with the low temperature scanning tunneling
microscope, which we have developed. We fabricated a 8x8 structure of CO molecules on a Cu(111)
surface, and found that the electronic structure near the Fermi level varies depending on the
locations corresponding to two sublattices of a honeycomb which are expected to be equivalent.
Since this symmetry breaking does not occur in the case of a 6x6 structure, we speculate that the
influence to the surface electronic states from the second layer of the substrate plays an important
role, and continue the experiments to reveal the mechanism.

(2) Tunnel barrier formation in multi-wall carbon nanotubes with focused ion beam irradiation

To form tunnel barriers in an arbitrary position, the focused ion beam irradiation technique has
been developed. It has a diameter of ~10nm, so that the damaged area could be smaller than that
formed with our previous methods that used electron beam lithography and the resist development
(~50nm). The fabricated damaged region had a resistance in a range of 100~1,000kQ, and its
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variation was much smaller than in the case of the resist opening technique. Characteristics of the
fabricated tunnel barrier were estimated by measuring the current-voltage curves and temperature
dependence of the resistance. The developed technique is reasonably reproducible and reliable, so
that the technique can be used to fabricate more complex devices and circuits with quantum dots.

2. Physics of nanodevices (Deacon, Sassa, Matsuno, Ohno, Okamoto, Wang*1, Maeda*5, Tsujimura*3,
Takatori*>, Yamazaki*6, Shimizu*6, Ohshima*6, Tokunaga*6, Nishino*4, Ishibashi)

(1) Estimation of spin-orbit interaction in the Ge/Si core-shell nanowires

Si1/Ge core-shell nanowires are attractive for studying quantum physics associated with the
expected large spin-orbit interaction (SOI). 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. To estimate the SOI,
low-temperature magnetoresistance (MR) measurements were carried out with devices where the
electric field could be applied perpendicular to the wire-length direction. The anti-weak localization
manifested itself in the MR, and from that the SO length was obtained. We could not find a clear
evidence of the electric field dependent SOI.

(2) Quantum dot-microwave cavity interaction

Quantum mechanical coupling between the qubits and a resonator makes it possible to realize
interactions between distant qubits with various kinds, an idea of the hybrid quantum processor.
The spin qubit is important for the quantum memory because it can have a long coherence. To this
end, we fabricate coupled quantum dots fabricated in the InSb and Ge/Si nanowires that are
coupled to the superconducting co-planer waveguide resonator, and study the resonance
characteristics that depend on the charge state of the coupled dots. Details of the resonant
characteristics such as the resonance frequency and the width of the resonance were measured in
the experiments.

(3) Spin control in the small Si FETs.

We study spin function in silicon FET devices. Magnetic resonance signal of single defect center was
observed in tunnel field effect transistor. This finding can be useful for future single spintronics,
such as single spin metrology as well as spin qubit applications. We also find a critical behaviors in
a dynamics of polarized nuclear spins in GaAs quantum dot device. This opens up a new way of
studding non-liner effects, such as chaos, with the nuclear spins that have a long quantum
coherence time.

(4) Spin orbit interaction and its application in the oxide thin film materials

Focusing on new physics and functionality of spin-orbit interaction in solids, we fabricated oxide
epitaxial thin films containing 5d transition metal Ir by pulsed laser deposition (PLD). We have
studied transport properties of bilayers consisting of m unit cells of SrRuO3 and 2 unit cells of
SrIrOs. We observed an anomaly in the Hall resistivity, which can be attributed to topological Hall
effect. The topological term rapidly decreases with m, ending up with a complete disappearance at
m = 7. These results suggest that magnetic skyrmions of 10—20 nm are generated by
Dzyaloshinskii-Moriya interaction, which might be caused by both broken inversion symmetry at
the interface and strong spin-orbit coupling of SrIrO3.

(5) Functional organic materials for optical devices

Photo-induced structural changes of molecules (trans-cis conformational changes) in novel
azo-binaphthyl chromophores were investigated in solid. It was found that binaphthyl moiety
restricts the trans-cis conformational changes effectively, leading to a large refractive change with
photoexcitation and also the slow relaxation in dark. Additionally a plasmonic device (MIM
structure) was fabricated with this material. An enhanced photoinduced diffraction was
successfully observed from a thin layer, only 150 nm, of the material by the surface plasmon
resonance effect.

(6) Plasmonic devices
When light of appropriate frequencies incidents on adjacent two noble-metallic nanoparticles,
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highly enhanced electromagnetic field arises at the gap between two particles. The gap provides
intense surface enhanced Raman scattering and is called hot site. So far, the hot site has been
considered to require electric discontinuity between the particles. We revealed that the gap is not

necessarily required and even electrically connected two particles also exhibits hot site, with
semi-analytical calculation.
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