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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 light

Create extremely large capacity optical data storage
Rewrite the conventional textbook of optics and photonics
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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. Creation of plasmonic metamaterials that work from THz to visible light frequency region. (Tanaka,
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Aoki, Watanabe, Fang)

Electro-magnetic properties of plasmonic metamaterials that work in the visible frequency region
were theoretically investigated and the optimal structure of metal resonator which consists of this
metamaterial was clarified. As an application of the metamaterial, we proposed a novel
non-reflectional optical device that can eliminate the unwanted light reflections at a material interface.
We developed a two-photon induced metal-ion reduction technique for fabricating three-dimensional
metallic nano-structures. By using this technique, we successfully fabricated a plasmonic
metamaterial that interacts directly with the magnetic component of mid-infrared waves of 16 THz.

Moreover, the metamaterials structure constructed by self-organized alignment of metal
nano-particles, metamaterials consisted of magnetic nano-particles, anisotropic metamaterials and
their application for the non-reciprocal optical devices were intensively carried out.

2. Development of three-dimensional nano-scale metal fabrication techniques for 3D metamaterials.
(Tanaka, Watanabe)

We improved 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, even after stopping
the laser irradiation, the created silver nano-crystals grow and become sub-micron size silver particles.
The size of silver particles determines the final spatial resolution. We tried to decrease the size of the
silver crystals down to the nanometer scale by inhibiting their growing process in order to improve the
spatial resolution. We added n-decanoylsarcosine sodium that adheres to the surface of silver nucleus
to terminate the silver crystal growth. From the experimental results, we successfully improved the
spatial resolution of the technique down to 120 nm in line width, which exceeds the diffraction limit of
the light.

We also examined to introduce the self-organized nano-structure formation technique of
block-copolymers to create the templates for the plasmonic metamaterials.

3 Development of three-dimensional high-capacity optical storage technology (Tanaka)

We successfully developed multilayered optical disk system that has 10 recording layers stacked
on the glass substrate. The recording material were rhodamine-B and Au(lll)-ions doped PMMA
material. We recorded bit-data onto the multi-layered 3D disk by using two-photon recording
technique and readout them by confocal fluorescent readout technique as a fluorescent pattern of
rhodamine-B. We tried dynamic recording/reading test, and examined the crosstalk between adjacent
recording layers, the three-dimensional recording densities, and the signal intensity dependences to
the recording layer position. We also established the fabrication technique of the multi-layered optical
disks that have transparent PMMA buffer layers between recoding layers.
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