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1. Create novel optical functional materials using nano-scale metal structure

2. High capacity data storage by metal nano particle contained materials

3. Three-dimensional laser nanofabrication using two-photon absorption process
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Purpose of Research

In the past, it has been believed that the electro-magnetic properties of materials 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. 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. This technology 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. We
collectively call these kind of artificial materials - "metamaterials”. We will also extend the application
of metamaterial to develop novel and functional optical devices that will open a new door for photonic
technologies.

Plasmonic Metamaterials (Tanaka, Nakano, and Takeyasu)
As a high throughput production technique for fabricating nano-scale metal structures of
metamaterials, we examined nano-imprint method. Glass molds are fabricated by using reactive ion
etching (RIE) and UV laser interference lithography technique. The glass mold was pressed into the
softened PMMA film spincoated on another piece of slide glass under 20Pa and 150 degree centigrade.
After the mold was separated from the PMMA film, gold thin film of 100nm in thickness was sputtered
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on the surface of PMMA film to make nano patterned gold surface structures. In the experiment,
5mm x 5mm large nano-structures were fabricated by one time nanoimprinting. Optical properties of
the fabricated sample was evaluated by the infrared spectrum taken by FT-IR, and anomalous
absorption line that was originated in nano-scale metal structure was observed in 50THz region.

2. Three-dimensional optical data storage (Tanaka and Suzuki)

We developed multilayered optical disk which has 10 recording layers stacked on the glass substrate.
As the recording material, rhodamine-B and Au(lll)-ions doped PMMA material was used. We
recorded bit-data onto the multi-layered 3D disk by using two-photon techniques and readout them by
confocal readout techniques. We tried dynamic recording/reading test using rotating disk and
examined the cross-talks between adjacent recording layers, three-dimensional recording densities,
and signal intensity dependences to the recording layer position.

3. Two-photon reduction for fabricating three-dimensional micro/nano metal structures (Tanaka,
Takeyasu, Yaoyu, Nakayama, Nakano, Duan, Kawata)

We tried to improve the spatial resolution of the two-photon reduction technique which uses a
femto-second ultra-short pulse laser as a light source. In the conventional system, when a
high-intensity Ti:Sapphire laser is focused into a silver nitrate aqueous solution, nano-scale silver
crystals are created in the focused laser beam spot. Even after stopping the laser irradiation, the
created silver nano-crystals grow and become sub-micron size silver particles, and the size of silver
particles determines the final spatial resolution. We tried to decrease the size of the silver crystals by
inhibiting their growing process in order to improve the spatial resolution. We added the surfactant
molecules which adhere to the silver surface to silver nitrate aqueous solution. From the
experimental results, we succeeded in realizing 120nm resolution that exceeds the diffraction limit of
the focused laser beam spot.

4. Numerical analysis of spatial resolution in two-photon induced polymerization (Takeyasu, Tanaka,
and Kawata)

Ultraviolet photo-polymerizable resin is polymerizaed through two-photon absorption process at the
focusing fs laser beam spot. A model for two-photon induced polymerization was proposed with the
consideration of elemental reactions included in the polymerization process. Based on the model, the
laser power threshold and the minimum voxel size were calculated. The calculation results were
compared with the experimental results, and heat generation during the fabrication may lead to lower
fabrication resolution. From this point of view, the photo-initiators with the higher conversion
efficiency from light to polymerization may be essential for higher fabrication resolution.

5. Spoof Plasmonic Device (Tanaka, Takeyasu, Fujikawa, Kubo, and Koizumi)

When we fabricate nanometer scale surface relief structures on the metal surface, surface plasmon like
surface wave can be created there. This surface plasmon like waves are termed "spoof plasmon" or
"mimicking plasmon”. We fabricated metal surface relief structures by using wet lithography method,
and the optical properties of structures were investigated with a infrared spectrometer. In addition,
we also investigated electro-magnetic properties of metal nano relief structures by using Rigorous
Coupled Wave Analysis (RCWA) method for optimizing the structures.
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