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In this research project, we were aiming to realize the ultimate strong photon-molecule
coupling fields, in which one photon and one molecule are interacted with perfect (100%)
efficiency. This coupling field is based on the combination of spatial photon-localization
(optical antenna effect) in plasmonic nanostructures and temporal photon-confinement
(group-velocity reduction effect) in optical micro-cavities. For this purpose, we have
investigated (a) a technique for the efficient localized plasmon excitation using a
fiber-coupled microspherrical cavity system and (b) a spatially resolved mapping of
localized fields using a scattering-type near-field microscope. In the study of efficient
plasmon field excitation using a microcavity system, we have succeeded to suggest the
possibility that about 93% incident light could couple to a gold coated AFM tip via a tapered
fiber coupled microspherical cavity system at the critical condition, which was achieved by
changing the distances between a taper, a microsphere, and a gold-coated AFM tip.
Furthermore, we constructed a scattering-type near-field optical microscope in order to
directly measure localized plasmonic fields in metal nanostructures with high spatial
resolution beyond the diffraction limit. By using a scattering-type near field microscope, we
measured metal nanostructures with a nanogap, which were fabricated by e-beam
lithography / lift-off techniques. From the results, we confirmed that the intense scattering
light was observed at the nanogap of the structure and the intensity distribution showed
that the width of this intensity spot was 9.2+0.5 nm, which was ~ 1/100 of the incident laser
wavelength. Because these experimental results were in good agreement with those of
numerical predictions, we succeeded to directly visualize the localized fields induced in
metal nanostructures.
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