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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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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
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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
functionalities in the organic optical devices.

1. Device fabrication processes in nanoscale (Hida, Nantoh, Yamaguchi, Tomizawa*3, Norizzawati
Mohd Ghazali*¢, 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 demonstrate a reliable and reproducible
tunnel barrier formation using a focused ion beam (FIB) applied to the suspended multiwall carbon
nanotubes (MWCNTs). The technique could be useful to fabricate the nanomechanical resonator
with the MWCNT with quantum dot in it. It was also found that the barrier characteristics depend
on the diameter of the nanotubes even though the nanotube was irradiated with a same ion does.
This finding is also true for the nanotube on the substrate.

Another effort for this year on the atom manipulation to fabricate the atomic scale
nanostructures is as follows. We focused on extending the variation of the materials on which the
technique is applicable aiming at observations of novel physical phenomena. On a Pt(111) surface,
where ordinary atom manipulation in the horizontal direction is impossible, a vertical manipulation
method has been established, i.e., pick up an atom by a probe tip, move the tip to the target position,
put down the atom on the surface. Employing this technique, the variation of the materials for the
manipulation experiments can be extended, and rapid progress would be expected.

2. Physics of nanodevices (Deacon, Matsuno, Ohno, Okamoto, Wang*2, Sun*1, Maeda*7, Takatori*s,
Nishino*4, Ishibashi)

Main achievement in this year is shown below.

(1) Spin qubit in silicon nanoFET devices

We continued the development as a spin qubit device based on silicon tunnel FET device, which is a
collaborative research with AIST. In the tunnel FET structure, two spin qubits are independently
controlled, and it is confirmed that these correlations appear in the lifting condition of the spin
blockade. For a single qubit, various quantum interference effects were observed by modulating the
energy difference of the two-level system with gate voltage at high speed. This quantum
interference pattern showed a good agreement with the theoretical calculations by the F. Nori group
conducting joint research. These results can be expected to be applied to single spintronics based on
silicon technology, especially to magnetic measurement and future spin quantum information.

(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 that has an adjusted
thickness to be a 2 dimensional topological insulator. Similar to the case with the 3 dimensional TI
Josephson junction, we could observed the missing odd steps in the Schapiro response in the 2D TI
Josephson junction. Besides, we could observe the Josephson emission from the voltage state
junction with half a frequency of the ordinary Josephson frequency, as predicted in the theory. This
is another important indication for the Majorana bound states.

(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
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measured x-ray magnetic circular dichroism (XMCD) of interfaces consisting of ferromagnetic
SrRuOs and nonmagnetic SrIrOs at SPring-8 BL39XU to find an unusually small magnetic
proximity effect. We have also studied ferromagnetic resonance of highly insulating La2NiMnOs,
which can be a potential component of Spin Seebeck devices.

(4) Plasmonic devices

We analyzed such optical properties as ultra-wideband, no polarization dependence, and no incident
angle dependence of our developed metamaterial light absorbing film, whose absorption band
ranged from visible to infrared, with the finite-difference time-domain method. We found the
mechanism of no polarization dependence is caused by that the surface plasmon resonance in the
metal nanoparticles with variety shape and the holes with the same shapes perforated in the metal
film satisfy the Babinet's principle.
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