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Key Sentence :

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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plasmonic metamaterials, metamaterials, light, optics, photons, photonics, plasmonics,
nanophotonics, near-field optics, electromagnetics, free electrons, surface plasmon, evenescent field,
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
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electro-magnetic simulation software are running concurrently.

1. Aluminum Metamaterial Absorber for Structural Coloration (Mudachathi, Tanaka)

We fabricated structural coloring surface using two-dimensional periodic arrangement of Al nano
square metal-insulator-metal (MIM) structure. By using cutting-edge high-speed electron beam
lithography, we fabricated large size (1cm X 1cm) device whose colors can be seen by our naked eyes.
The optimization of their structures using genetic algorithm was also carried out and high
saturation colors exceeding sRGB region were realized.

2. Broadband IR Metamaterial Absorber (Mudachathi, Tanaka)

We fabricated metamaterials absorber that consists of metail thin film, transparent dielectric
spacer, and spiral shaped 3D ring resonators by the use of stress-driven self-folding method. We
found that the spiral shaped metamaterial absorber had broadband absorption band in the
mid-infrared region covering from 3~5 pm in wavelength.

3. High Sensitive IR Molecular Spectroscopy Using Asymmetric Metamaterial (Ishikawa, Tanaka)
We developed the high sensitive IR spectroscopic platform using resonant interaction between dark
mode surface plasmons excited on the metal nano structures and organic molecules. When the
“IL”-shape metal nanostructures were fabricated and illuminated, the local mode surface plamons
are excited on the I-shaped structure and they induce another surface plasmosn mode on the
L-shaped structure. Coupling these two plasmon modes becomes dark mode plasmons, which can
not couple with propagation light. Through the resonant interaction between IL-shape structure
and organic molecules adhered on the surface of the structure, the light waves whose wavelength
are 1dentical to the absorption spectra of the molecules are reflected back from the device. Since this
device suppresses unwanted background, weak spectral signals become detectable. Using this
method, zeptomolar sensitivity was experimentally demonstrated.

4. Chemical Synthesis of Plasmonic Dimer Structures by Langmuir-Blodgett film (Takeyasu, Tanaka)
We developed highly selective fabrication of gold nano-particle dimer structures using
Langmuir-Blodgett film. We fabricated patchy gold nano-particles, whose surface is partially
decorated with hydrophobic molecules of the LB film. When the patchy gold nano-particles were
dispersed in water, the particles formed dimer structures. In order to improve the yield, we
examined the optimal condition for the separation of the LB film from the substrate, and we found
that the immersing the substrate into the ethanol could solve the problem. Owing to this new
finding, we successfully improved the yield of plasmonic dimer structure up to 13%. The optical
evaluation of the dimer structure are also carried out using dark-field spectroscopy and confirmed
the coloration and its polarization dependences originated from the dimer structures.

5. Actively Tunable Plasmonic Structures using GeSbTe Thin Film (Nakamura, Tanaka)

In order to tune the resonant wavelength of plasmonic structures, we introduced GeSbTe thin film,
which is known as phase change material. We fabricated nano-scale gold structures on the surface
of the GeSbTe thin film. By irradiating the Nd:YAG pulsed laser onto the thin film and inducing the
phase transition of the film, we demonstrated that the resonant wavelength of plasmon excitation
on gold nano structure could be tuned over the 15nm in wavelength.
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