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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

O Ot oo

Key Word :

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

LRk 28 AR/ FY 2016



electro-magnetic simulation software are running concurrently.

1. Dark-mode Plasmon Excitation on Gold Hybrid Nanostructures and direct observation of its
excited modes (Yokota, Tanaka)

We clarified that the gold hybrid nanostructures composed of curvilinear nanorod and straight
nanorod with narrow gap can support dark-mode surface plasmons, which do not couple with the
propagation light. Since the dark-mode plasmons do not have radiation loss, its lifetime is longer
than that of bright-mode plasmons and their Q-value becomes high. When the high Q and low Q
plasmons are resonantly coupled, the light absorption of the metal structure is suppressed and the
light can pass through the metal structure it without any absorption. This phenomena is called
“plasmon induced transparency” (PIT). We fabricated gold hybrid nanostructures using an electron
beam lithography and lift-off techniques, and observed the PIT phenonema experimentally.
Moreover, we applied the photo emission electron microscope (PEEM) technique to observe the
dark-mode plasmons that never be seen by the light.

2. Structural Coloration Based On Aluminum Metamaterials (Mudachathi, Tanaka)

The research was mainly focused on the optimization of full colour plasmonic pixels. By using
aluminum (Al) nano square patch structures, we demonstrated the high quirity color generation.
We fabricated 2-dimensional periodic arrangement of Al nano squares of varying size by e-beam
lithography. These pixels produce intense narrow reflection peaks in the far field that could directly
view. We evaluated the purity of the colors, and simply varying the pixel size linearly has produced
all colours from violet to red. We demonstrated that hue, brightness, and saturation of colors can be
controlled by tuning the size of aluminum structures. Moreover, colors can be mixed by integrating
the structures that have different color, and black color was created by integrating the structure of
red, green, and blue.

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

We fabricated metamaterials absorber that consists of metail thin film, transparent dielectric
spacer, and 3D spilt ring resonators (SRRs) by the use of e-beam lithography, metal thin film
deposition, liftoff and dry etching. To decrease the working frequency down to several micron in
wavelength, metamaterial structures are down sized and finally the resonant absorption at 3~5 pm
was demonstrated.

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
asymmetrical Au nanostructures was fabricated on a Si substrate. Infrared spectrum of the
metamaterial was measured by using a FT-IR to demonstrate a clear Fano resonance at ~ 1750 cm™1,
which spectrally overlapped with C=0 stretching vibrational modes. To improve the signal to
background ratio (S/B ratio) by suppressing the unwanted high intensity background, we
introduced the polarization control metamaterial structure. In the measurements, the C=0
stretching mode was clearly observed as an anti-resonance peak within a broad plasmonic
absorption of the metamaterial. The sensitivity was estimated to be 9.1 zepto mole.

5. Fabrication of Plasmonic Dimer Structures by Bottom-up Approach (Takeyasu, Tanaka)

We developed highly selective fabrication of gold nano-particle dimer structures with the bottom-up
approach. 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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