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Résumés 

Present status concerning the optical technologies called near-field optics, nano-photonics, nano-optics and plasmonics in Japan has been introduced. National projects of these technologies supported by Japan Science and Technology Agency (JST) are informed. Domestic and international academic activities organized by Japanese researchers and published books written in English by Japanese researchers are also introduced. Some interesting topics performed by Japanese researchers recently are shown in this presentation. 

Cette contribution présentera l’état de l’art dans les domaines technologiques suivants :l’optique de champ proche, la nanophotonique, la nanoplasmonique,  

Mots clés : nano-photonics, nano-plasmonics, near-field optics, Japan Science and Technology Agency.
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1. Introduction

Optical technology that deals with optical fields confined in a nanometer scale volume are often called near-field optics, nano-photonics and nano-optics. Recently, it has been shown that surface plasmon polaritons (SPPs) can offer the potential to confine and guide optical fields below the diffraction limit and this technology has been called plasmonics recently. In this paper, I introduce the present status of these technologies and some topics performed by Japanese researchers recently within my knowledge. I call these research fields nano-photonics through this paper for a simplicity. Subjects concerning photonic band gap or photonic crystal are omitted in this paper.

2. National Project [1]
Experiments of near-field optical microscopy have been first performed in Japan by Prof. M. Ohtsu in 1980s. The technical group of optical near-field was first organized by Optical Society of Japan and Japan Society of Applied Physics in 1994. Since then, many researchers have been interested in and have investigated subjects of nano-photonics in Japan. In 2000, President Clinton have declared a National Nanotechnology Initiative (NNI), promising $500 million for the effort. After this declaration, Japanese government has intensified programs which support nano-photonics in conjunction with general nanotechnology. The national budget has been mainly distributed through Japan Science and Technology Agency (JST). The aim of JST is to establish Japan as a nation built on the creativity of science and technology. 

The following research programs of nano-photonics are now running in Japan. 
(a) CREST-type (Core Research for Evolutional Science and Technology: Team type research)

Nano Electro-Optics, (2006-2010), $4.1 million, Project Leader: Prof. M. Ohtsu (Tokyo University)
Plasmonic Analytical Microscope, (2006- ) Project Leader: Prof. S. Kawata (Osaka University)

Nonlinear Nano-Photonics (2001- ) Project Leader: Prof. S. Kawata (Osaka University)

Creation and simulation of optoelectronics function in nanometer space, (2005- ) Project Leader: Prof. H. Hori (Yamanashi University)
(b)ERATO-type (Exploratory Research for Advanced Technology)

Localized Photon Project, (1998-2003), $8.3 million, Project Leader: Prof. M. Ohtsu (Tokyo University)
(c) SORST-type (Solution-Oriented Research for Science and Technology). Research projects of the SORST program are selected among projects with high expectations of outstanding results and of extraordinary developments in CREST-type, ERATO-type and other projects. Above Localized Photon Project has been selected as thr following project:
Nanophotonics Team, (2003-2008), $2.5 million, Project Leader: Prof. M. Ohtsu (Tokyo University)
(d) Other National Projects 

Ministry of Economy, Trade & Industry (METI)
Ultrahigh Capacity Storage Technology Project, (2003-2007), $26 million
(Commercial Company: Hitachi, Toshiba, Fujitsu, Ricoh, SII, Hitach ｉ-Maxell, Konica-Minolta, Pioneer)
Ministry of Education, Culture, Sports, Science and Technology (MEXT)
Near field optical lithography, (2005-2007), $2.5 million (Commercial Company: Canon)
3. Academic Activities
(a) Domestic
Technical group of Optical Near-Fields in Optical Society of Japan and Japan Society of Applied Physics. This group has organized symposium every year for 1994-2004.

2004-Pres. The group has changed name as Technical Group of Nano-Optics in 2004 and has organizes symposium every year since 2004. 
Plasmonics Symposium in Japan Society of Applied Physics. This symposium has been held every year since 2003.

(b) International

Asia Pacific Workshop on Near Field Optics (APNFO): This workshop has been held from 1996 to present in following places:

1st: Seoul, 2nd: Beijing, 3rd: Melbourne, 4th: Taroko, 5th: Niigata, 6th:Yellow Mountain.
Germany-Japan Seminar on Nanophotonics: This seminar has been held tentatively from 2003 to present in following places:

1st: Berlin, 2nd: Kyoto
The International Nanophotonics Symposium Handai (INSH): This symposium has been held in 2004 and 2006 at Osaka University (Japanese name HANDAI).

4. Publications
(1)M. Ohtsu (ed.), Near-field Nano/Atom Optics and Technology, Springer-Verlag, 1998 (302 pages)

(2) M. Ohtsu, H. Hori, Near-Field Nano-Optics: From Basic Principles to Nano-Fabrication and Nano-Photonics, Kluwer Academic / Plenum Press, 1999 (386 pages)
(3) M. Ohtsu and K. Kobayashi, Optical Near Fields, Springer-Verlag, Berlin, ecember 2003 (205 pages) 
(4) M. Ohtsu (ed.), Progress in Nano-Electro-Optics voIs. 1-5, Springer-Verlag, Berlin, 2003 (Avrg.200 pages)
(5) S. Kawata, M. Ohtsu and M. Irie (ed.), Nano-Optics, Springer, 2002 (321 pages)

(6) H. Masuhara and S. Kawata (ed.), Nanophotonics: Integrating Photochemistry, Optics And Nano/bio Materials Studies (Handai Manophotonics) Elsevier Science Ltd 2004 (473 pages)
(7) S. Kawata and H. Masuhara (ed.), Nanoplasmonics (Handai Nanophotonics), Elsevier Science Ltd 2006 (316 pages)

(8) S. Kawata and V. M. Shalaev, Tip Enhancement (Advances in Nano-Optics and Nano-Photonics) Elsevier Science Ltd 2006 (338 pages)
5. Topics of nano-photonics in Japan

(a) Nanophotonic logic gate using near-field optically coupled quantum dots[2]
(Group leader: M. Ohhts, Tokyo University)

The operation of a nanometric optical logic gate using quantum dots coupled via an optical near-field interaction is investigated. It is shown that the device was smaller than 20 nm. A near-field spectroscopy signal, indicating that the InAlAs quantum dots coupled with the optical near field acted as a NOT gate. 
(b) Optical storage with super-resolution near-field structure (Super-RENS) [3] 

(Group leader J. Tominaga, National Institute of Advanced Industrial Science and Technology)

A new technique called Super-RENS (Super Resolution Near-field Structure) has been proposed in 1998. This technique can record and retrieve small marks beyond the optical diffraction limit by optical near-field. It is not necessary to maintain the gap between probe and media at nanometric distance in this technique. Recently, they showed a 42.5 dB carrier to noise ratio at a 50-nm-mark-length-signal in a blue laser system (405 nm).
(c) Plasmonic ban gap laser[4]
(Group leader: S. Kawata, RIKEN (The Institute of Physical and Chemical Research)), 
Two-dimensional periodically corrugated silver surface can make band gaps in the dispersion relation, named plasmonic band gaps. Surface plasmons are laterally confined as standing waves at the edge of the band gap. They investigate this phenomenon for lasing action by the use of a dye film deposited on a corrugated silver surface. Fluorescence of the dye was strongly enhanced. They obtained an enhancement factor 150 for a methyl-red doped poly film. 
(d) Photoluminescence imaging by near-field photoluminescence microscopy[5].
(Group Leader: T. Saiki, Keio University and Kanagawa Academy of Science and Technology)
A spatial resolution of 30 nm (930 nm) in the photoluminescence imaging of self-assembled InAs quantum dots has been achieved by improving in probe preparation and optimize of the sample structure. They successfully mapped out center-of-mass wave functions of an exciton confined in a GaAs quantum dot in real space due to the enhancement of spatial resolution up to 30 nm.
(e) Linear and nonlinear optical response of concentric metallic nanoshells[6] 
(Group Leader: M. Fukui, Tokushima University)

Field enhancement due to localized surface plasmons excited in nanosize Ag and coated Ag spheres was studied by Mie thoery. It has been found that light intensity enhancement becomes maximum at an appropriate diameter of spheres. For a nanosize metal sphere coated with a Kerr-nonlinear film, the phenomena of an optical switching and optical bistability were found using modified Mie theory. 

(f) A design of metallic tip probe providing advantages of both aperture and scanning probes[7]
(Group Leader: K. Tanaka, Gifu University)

A metallic tip probe that gives high optical intensity and small spot size with a small background light using surface plasmon polariton has been proposed. The proposed tip probe provides advantages of both the aperture probe and the scanning probe currently used in the scanning near-field optical microscope. Simulation results show the possibility of near-filed optical imaging with (9 nm resolution and (6% throughput of the probe.  

6. Conclusion

At the early staged of the development of nano-photonics, most of the technical subjects were devoted to near-field optical microscopy and optical storage technology. However, it has been shown that the intrinsic features of the optical near field and the surface plasmon polariton can open a new frontier in nanometric optical science and technology. So many researchers and commercial companies are interested in the development of these new technologies in Japan. It is expected that commercial products using nano-phptonics will emerge in the near future in Japan.   
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