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Objectives:

Extraordinary electromagnetic response, such as negative index of refraction, can be achieved by
constructing artificial structure of which feature length is smaller than the wavelength of interest.
Such a kind of “novel material” is referred to as metamaterial. With metamaterials, sub-wavelength
resolution of imaging, transparency due to detouring of an electromagnetic wave, and magnetism at
optical frequency to name a few, are believed to be achieved and applied to the real life. In this
project, researchers based on the wide range of spectra (from microwave to visible), from academic
and industry, get together, communicate each other overcoming their disciplines, and discuss
development and application of metamaterials to promote this new research field of metamaterial
in Japan to lead the world.

X—U—R: 2Z=T7 VTN, AOREIE, EFRME., v~ 7 vk, 77~ 6, ETEE
Key Word: metamaterial, negative index of refraction, microwave, THz, light, academic-industrial
alliance
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Achievement:

2009 fiscal year:

The program has been co-operated with Exploratory Research Development Committee in JSPS. At
the inaugural meeting, Prof. Yasuharu Suematsu and Prof. Tkuo Awai gave lectures for starting
new area of research. The regular two-day research meetings is being organized in such a way that
it consists of two tutorial lectures and four regular talks. The former (90 min) is aimed to establish
common understanding among the members and free questions during the lecture are allowed. The
latter is 30 minutes talk on research results or report on research trends followed by another 30
mintes discussions. The subject of the talks are not focused on particular field, but rather balanced
between microwave-THz and photonic metamaterials in order to promote participation from both
research fields at the same time. At night sessions, participants are supposed to give
self-introduction or report on recent progress, in order to activate research cooperation. It is
essentially important for metamaterial research to have discussions among people from different
backgrounds. In one of preceding ITAS, “Science on Nano-material Quantum Phases”, a Research
Union was organized to protect intellectual properties, where members have a duty to keep the
discussion confidentially. After discussions among the members, we decided that the discussions in
our project are treated as open and free to bring back to the members group, which is more

important at the present phase of metamaterials research.

2010 fiscal year:

Following the last year’s practice, two-day workshops consisting of tutorial lectures and state-of-art
research reports have been already carried out twice by now. At the first workshop in this fiscal
year, Prof. D.S. Kim (Seoul National University) and Prof. M. Lippitz (Max Planck Institute for
Solid State Research) participated to give their recent research activities as well as the
metamaterial research activities in their countries. In the second workshop, Prof. Hangyo gave a
conference report of Metamaterials2010, which was held in September in Karlsruhe, Germany. In

March 11, 2011, IIAS, JSPS and MEXT co-organized an open symposium on metamaterials in
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Tokyo. Prof. Tatsuo Itoh (UCLA) and Prof. David R. Smith (Duke Univ) participated. The
earthquake occurred during Prof. Ito’s presentation and it was interrupted for 40 minutes. On the
next day, a workshop was held to discuss on promising “killer” applications of metamaterials. The
aim of having such a symposium in Tokyo was to increase the metamaterial research population in
Japan, as well as to catch more attention of industries, which may pave a road to establish a new
University-Industry Research Cooperation after three year term of Exploratory Research

Development Committee in JSPS.

2011 fiscal year:

As the 1st Korea-Japan Metamaterials Forum 2011 was held in Seoul during July7-9, the
workshop in June was set only for one day. As is different from previous two years, more focus was
set on the analysis of oversea research activities rather than on the tutorial lectures. An officer form
NEDO reported how a national project is selected and how it is carried out. In the second workshop
in November, besides research topics, we had a discussion on the activity of the project and how
should we organize the collaboration after the project. We concluded that the project was very
helpful and fruitful. We should succeed and expand the project as University-Industry Research
Cooperation, JSPS. In March 2012, we will have a symposium co-sponsored with Grant-in-Aid for
Scientific Research on Innovative Areas. Two well-known researchers in the field, Prof. V.M.
Shalaev of Purdue University and Prof. A. Grbic of University of Michigan are going to give invited
lectures on optical and microwave metataterials, respectively.
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NIRRT F V= N—RAT 4 T DDA Z~<T VT OOFA (EmEE— RILKEE AR HEHR)
CMP i TERL L7277 Y« XEWIRESE SR 7 NV — 7128 2JRITREH (REIET B EERR)
CRLH G A N T=T 7T 4 7 A B =T V7 (st NTTARER- L)

ABZ=T VT NVERWEZT o7 FOERll GE M3 BifsREXE T 8%

g A %~ 7 U 7V THRBEICAR 2 e 72 Y 7R X r— L Ok e CE R NIMS {EWF5ER
TITRE= I AFT VTN EDES Ry MEESRE - v =—)
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NEDO O##/ & Metamaterial ~OHFF (—f 22 NEDO)

fEjEH CRLH 58 2 W e @B 734 AOB% (AR BVE KA E®R  #d%)

HAIGEEY X

Microwave Applications of Metamaterial Structures  (JHEEFEY UCLA #d%)

Metamaterials, Transformation Optics, and Future Directions (D.R. Smith Duke K% ##%)
Metamaterial Surface (A. Grbic Michigan K% #H#d%)
Metamaterials: Negative Refraction and Generalized Snell’s Law (V.M.Shalaev, Purdue K% #4%)

Whole Achievement:
The purpose of this project is to activate metamaterial research in Japanese academia and

industry by having interaction of researchers of metamaterials for micro, THz and optical wave.
Research area of metamaterials includes various existing research fields of microwave engineering,
plasmonics, THz engineering and solid state optics. Therefore the researchers did not have contacts
and had a difficulty to share information. It was an excellent opportunity to be chosen as a project
at IIAS. At the beginning, we had a discussion how to manage our project. One of the former IIAS
project of “Science of Quantum States in Nanomaterials” had employed a law model of
academia-industry collaboration (the ITAS model) which allows the participants to collaborate
without conflicting with the intellectual property right contracts of their home organizations. After
the discussion among the members, we concluded that our field is too immature at this stage to
have such scheme and that we should keep our discussion open to the colleagues of the members.
The presentation files in the meeting were uploaded to a web site so that the members can utilize
them later.

In the first two years, we designed to have tutorial lectures in order to establish common
understanding of the subjects. Besides researchers from both academic and industry had talks in
the meeting to promote active discussions among researchers from different backgrounds.
Microwave engineers had more emphasis on pragmatic application of antennas and devices. In THz
frequencies, it is relatively easy to have a various artificial structures, comparison of measurement
and numerical calculation can be done easily. As for the optical region, most of the research is

focused on conceptual and fundamental aspect. Structural color, sensor and application of
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sub-wavelength lithography can be possible application for optical metamatrerials. Through
discussions in the project, however, the members had convinced themselves that there exists a vast
new realm of metamaterials. It is necessary to fix a strategic plan to have a coherent effort to have a
success in the near future.

During the period, a Grant-in-Aid for Scientific Research on Innovative Areas for “electromagnetic
metamaterials” (Principal Investigator: Pror. Hangyo of Osaka Univeristy) was accepted. It can be
regarded as good outcome of the project, because many members in the project are involved. The
intensive and extensive discussions in the project certainly helped for the acceptance of this
five-year project, which is the very first big project on metamaterials in Japan.

Research and development in industry is still in the stage of survey and exploration. After all
discussions in the ITAS project, we understand that metamaterials are not magic material that
make everything possible. No killer application nor its candidate can be found so far. But it is a
necessary step to keep going for discussion in this way in order to promote metamaterial research in
Japan. After the discussion, we are planning to apply for a university-industry research
cooperation scheme in JSPS during FY2012.

Y BT R
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Electrical Engineering and Computer Science ,University of Michigan

Vladimir M. Shalaev
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Professor, Electrical and Computer Engineering, Purdue University
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"Metamaterials - Introduction, Fabrication Techniques, and Applications"
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"Metamaterial Surfaces"
A. Grbic (Univ. Michigan)
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"Metamaterials: Negative Refraction and Generalized Snel's Law"
V. M. Shalaev (Purdue Univ.)
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