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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, Si nano-transistor, single electron devices,
quantum nanodevices, Teraherz detection, Oxide Spintronics, Plasmonics

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, as well as Si nano-transistor fabricated by the top down technology.
We also 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, 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 focus
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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
functionalities in the organic optical devices.

1. Device fabrication processes in nanoscale (Hida, Nantoh, Yamaguchi, Tomizawa*7, Norizzawati
Mohd Ghazali*6, Suzuki*7, Hagiwara*7, 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.

The main achievement in this year is that we could show a reliability and reproducibility of the
tunnel barrier formation process in the MWCNT with focused ion beam (FIB) irradiation. We
showed that the barrier height had a strong correlation with room temperature resistance which
was controlled by the dose. In double barrier samples, the single electron transistor was
demonstrated with high reproducibility, which makes it possible to fabricate more complex and
functional integrated devices with several SETs.

2. Physics of nanodevices (Deacon, Sassa, Matsuno, Ohno, Okamoto, Wang*2, Sun*!, Maeda®7,
Takatori*s, Tokunaga*7, Ishida*?, Nishino*4, Ishibashi)

Main achievement in this year is shown below.

(1) Spin qubit in silicon nanoFET devices

We developed spin quantum bit in silicon FET device. In Tunnel FET structure, we have coherently
manipulate single electron spin single deep defect/impurity by use of pulsed microwaves. This
results can be applied single spintronics based on silicon technology, especially for magnetometer
and for spin-based quantum information processing. We have also found, in MOSFET device, an
electron spin resonance (ESR) signal for strongly coupled two-electron spins and an effect of
spin-orbit interaction on ESR. The observed ESR spectrum agree with the theory by the
collaborators.

(2) Topological Josephson junctions

Topological insulators (TIs) sandwiched by superconductors are predicted to behave as a topological
Josephson junction where a unique current-phase relation with a 4p periodicity associated with
Majorana bound states exists. In collaboration with Laurence Molenkamp”s group in University of
Wurzburg, we fabricate the Josephson junction with a HgTe quantum well. We have studied a
microwave response (Schapiro steps) of the junction, and found the missing odd steps under the low
microwave frequencies.

(3) 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 electric-field effect of transport properties in SrRuQOs-SrIrOs bilayers to find both topological
and anomalous Hall effects are electrically modulated only when SrIrOs is located between the
ferromagnet and a gate dielectric, manifesting the validity of inserting strong SOC materials; the
gate electric field is possibly tuning SOC at the interface and eventually the topological properties
of the system. The structure used in this study is applicable to electric-field control of other
SOC-related phenomena.

(4) Plasmonic devices

We found that a Metal-Insulator-Metal (MIM) structure of which one side metal is a thin film with
randomly arranged nanobumps shows ultra wideband light absorption. The absorption band has
three octave band width with no angular dependence of incidence nor polarization dependence.
Since this structure can be fabricated with colloidal lithography and use inexpensive aluminum as
metal, it is very easy to fabricate large area devices at low cost.
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