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Nanophotonics for Energy Applications
Makoto NARUSE* **, Tadashi KAWAZOE™* and Motoichi OHTSU**

This paper reviews the principles of nanophotonics and their impacts to energy applications. Optical near-
fields, appearing in the vicinity of nano-scale materials, break through the spatial density restrictions
posed by the diffraction of conventional propagating lights. In addition, further unique features have been
developed by the dressed photon model that unifies photons and material excitations on the nanometer
scale. This article demonstrates that the dress photon, thanks to its abilities in realizing optical excitation
transfer and phonon-assisted processes, leads to another breakthrough in overcoming the limitations of
conventional optical technologies. Their impacts to energy-related applications are shown in (1)
information and communications devices and systems based on optical excitation transfer, (2) phonon-
assisted visible light emission by infrared light excitations, (3) phonon-assisted photovoltaic devices
sensitive to conventionally transparent wavelengths, and (4) phonon-assisted optical near-field
lithography realizing nanostructures without the use of short-wavelength light irradiation. These
demonstrations indicate that nanophotonics provides versatile qualitatively novel functions into optical
technologies for green innovations.

Key words: nanophotonics, dressed photon, optical near-field, optical excitation transfer, phonon-
assisted process, energy efficiency, energy applications, wavelength conversion, photovoltaic device
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