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Transcend conventional light theory

Control the light as we want

Observe the nano-world by the light

Confine the photons in the nana-scale space

Create nano-scale 3D structure by the light

Create extremely large capacity optical data storage
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nano metal resonator, laser, nano fabrication, laser physics, laser fabrication, femto-second laser,
functional optical devices, large capacity optical memory, three-dimensional optical memory,
photoelectric transducer, metaphotonics

Outline

In this research laboratory, we are intensively investigating the breakthrough science and
techniques that can artificially control the electro-magnetic properties of the materials by using
metal nano-structures. We collectively call these artificial materials "metamaterials". In the
past, it has been believed that the electro-magnetic properties of materials such as permittivity and
permeability are determined by the intrinsic property of the materials itself and no one can alter
them. This suggests that the propagation of the light inside the material is uniquely determined
by the material itself and it can only be controlled by modifying the shapes/structures of the
materials. Metamaterial technology can control the permittivity and permeability of the materials
and can create unprecedented optical materials such that it can interact directly with the magnetic
components of the light, in which the refractive index can be zero, negative or tremendously giant
values. These kinds of materials can create the extraordinary optical phenomena such that it can
eliminate the light reflection at the materials boundary, can confine the photons in the nano-scale
space. We also intensively extend the application of metamaterials to develop novel and functional
photonic devices that can manipulate the photons with complete control. In addition, other active
studies for the development of peta-byte optical data storage system, the development of novel laser
fabrication technology of nano-scale three-dimensional structures, and the development large-scale
electro-magnetic simulation software are running concurrently.

1. Plasmonic modification insulator-metal transition temperature of VOz (Tanaka)

Vanadium dioxide (VO32) is a phase transition material that changes its phase between insulator
and metal. In this research, we are studying artificial modification of the phase transition
temperature of VOz by using light field enhancement of the surface plasmon (SP) resonance. We
embedded gold nanorod array into VO2 thin film, and investigated its IR transmission spectra
under the SP resonances excited by linearly polarized IR irradiation. We measured the phase
transmission temperature from the IR spectra and found that under the SP resonant condition the
phase change temperature has changed 3 degree lower than that without SP resonance.

2. Development of Highly Selective Photochemical Reaction Felds with Gold Hybrid
Nanostructures (Yokota, Tanaka)

We are aimed for the new photochemical reaction site of the selective and high efficiency at the local
space with gold hybrid nanostructures by using local-mode surface plasmon resonances. The gold
hybrid nanostructures composed of curvilinear nanorod and straight nanorod with narrow gap were
fabricated using an electron beam lithography and lift-off techniques. The gold hybrid
nanostructures has a specific plasmon resonance peak owing to regulation of shapes and plane
configuration. We developed the technique to fabricate hybrid gold nanostructures with a plasmon
resonance peak in the visible resign in a micro fluid channel. The behavior of pigment molecules
was investigated from time-dependent spectra change of the molecules. The absorption spectra
using various kinds of pigment molecules were examined.

3. Structural Colouration Based On Aluminum Plasmonic Metasurfaces (Mudachathi, Tanaka)

The research was mainly focused on the optimization of full colour plasmonic pixels using
aluminum (Al) nano structures. 2-dimensional periodic arrangement of Al nano squares of varying
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size is used for the colour generation. These pixels produce intense narrow reflection peaks in the
far field that could directly view without the need for a coherent light source. The narrow reflection
peaks originated from the Fano like resonance of the plasmonic structures lend us to define the full
width at half maximum (FWHM) of the reflected peaks as a clear figure of merit to evaluate the
purity of the colours. Simply varying the pixel size linearly has produced all colours from violet to
red. The sub wavelength pixels are defined by e-beam lithography on a silicon substrate using
PMMA resist and 45nm thick Al thin film is deposited subsequently to produce the colours.

4. Wavelength Tunable Perfect Light Absorber in the Near and Far Infrared Region of the
Electromagnetic Spectrum (Mudachathi, Tanaka)

Research is being carried on the design and fabrication of an electrostatically tunable isotropic
perfect light absorber based on 3D spilt ring resonator (SRR) metamaterials. The fabrication
process for the structures with mirror has been optimized using SiN sacrificial layer. The
fabrication process includes e-beam lithography, metal thin film deposition, liftoff and dry etching.
Larger structures having response in the terahertz region have been fabricated in which the 3D
topology was obtained from the releasing of residual stress in the prestressed metal thin films by
the sacrificial etching of SiN layer deposited on Au on silicon substrate. The same process will be
extended to the fabrication of smaller structures whose optical response is expected to be in the
near infrared region of the electromagnetic spectrum. In the next step the electrostatic tunability
will be incorporated by judiciously placing the SRR arms and electrodes.”

5. Fano-Resonant Metamaterials for Surface-Enhanced Infrared Absorption Spectroscopy
(Ishikawa, Tanaka)

A high-sensitive surface-enhanced Infrared (IR) absorption spectroscopy is experimentally
demonstrated by utilizing the resonant coupling of plasmonic modes of a Fano metamaterial and IR
vibrational modes of an organic thin film. The Fano-resonant metamaterial consisted of 2D array of
Au nanostructures on a Si substrate and was fabricated using electron-beam lithography,
electron-beam evaporation, and liftoff processes. Infrared spectrum of the metamaterial was
measured by using a FT'IR to demonstrate a clear Fano resonance at ~ 1750 cm™, which spectrally
overlapped with C=0 stretching vibrational modes. A 50-nm polymethyl methacrylate (PMMA) film,
which contains the C=0 functional group, was then used as a test molecule and coated onto the
metamaterial surface. In the measurements, the C=0 stretching mode was clearly observed as an
anti-resonance peak within a broad plasmonic absorption of the metamaterial. Using the
metamaterial structure density and the PMMA concentration, the sensitivity was estimated to be ~
100 attomole within the diffraction-limited IR beam spot in the measurement.

6. A Low-Power Field Effect Transistor using An Atomically Thin HfS; film (Amemiya, Ishikawa,
Tanaka)

HfS: is one of the most promising transition metal dichalcogenide materials, that has high electron
mobility (~ 1800 cm2/Vs) and appropriate bandgap (~1.2 eV) for optoelectronics device applications.
In this work, a field effect transistor (FET) using an atomically thin HfS: film was fabricated and
characterized. In the fabrication, micromechanical exfoliation using scotch tape was employed to
form HfS: flakes onto a p+-Si substrate with a 285-nm thermally oxidized film. AFM and
micro-Raman measurements revealed that the flakes consisted of a few atomic layers of HfSs. A
back-gate few-layer HfS2 transistor was then fabricated to investigate the I-V characteristics. A
typical FET operation was clearly observed by applying the back-gate voltage, and the maximum
drain current of 0.2uA/um and the on/off ratio more than 104 was obtained.

7. Fabrication of Plasmonic Dimer Structures with Bottom-up Approach (Takeyasu, Tanaka)

Optical property of metallic nano-structures depends on not only sort of the metal but also their size
and shape. More sophisticated optical functional materials can be created by designing the shape.
In this research, we aimed at highly selective fabrication of gold nano-particle dimer structures
with the bottom-up approach. In this fiscal year, we fabricated patchy gold nano-particles, where
the surface of the nano-particle is partially decorated with hydrophilic molecules. The patchy gold
nano-particles were dispersed in ethanol, which resulted in change of color from red to purple. The
extinction spectrum was measured, and the extinction peak due to assembly of the gold
nano-particles was observed additionally to the original peak of the gold nano-particles.
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