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Cavity-assisted control of photonic and phononic modes in micro/nano resonator system
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Efficient and functional control of photonic modes in the degrees of freedom of light has been actively
studied to lead to innovation in photonics. For instance, multiplexing technology for the photonic modes such
as temporal modes, spatial modes and frequency modes of light implements a large—scale information processing
Furthermore, photonic quantum information processing brings the functionality for controlling the photonic
modes into the next paradigm which cannot be realized in classical optics. The efficient and functional control
of photonic modes based on monolithic photonic devices has attracted increasing interests thanks to the
development of various fabrication technologies. In particular, micro— and nano- resonator systems, which
are fabricated in microscale and nanoscale for confining visible and telecom photons, are possible to enhance
the light-matter interaction in the host material of the resonators and to convert the photonic modes by
controlling the geometric structure of the resonators. These resonators have been fabricated on a silicon—chip
or an optical fiber, and have been used to perform various demonstrations to show the possibility to innovate
the large—scale, functional and efficient photonics.

In this thesis, we report the study of elemental technologies for functionally controlling the light towards
innovative photonics. Especially, we have studied the three devices: whispering—gallery—mode resonators,
plasmonic metamaterials, and a nonlinear optical waveguide cavity. In the study focusing on temporal modes
of light, we have studied efficient control of temporal delays of optical pulses using an interfero— metric
effect among a waveguide—coupled resonator system. In the study focusing on spatial modes of light, we have
proposed methods to generate a spiral phase front of light by controlling the geometric properties of the
micro— and the nano— resonators. In the study focusing on frequency modes of light, we have efficiently obtained
cascaded nonlinear optical phenomena in which a parametric amplification and a frequency conversion are
simultaneously obtained using the high—Q microresonators with low pump powers. In the study focusing on the
light-matter interactions such as plasmonic interactions and optomechanical interactions, we have searched
the functional control of light based on material and geometric properties in the micro— and the nano—
resonators. In particular, we have developed the intermediate fields between quantum optics and phononics

by improving optomechanical properties in our devices towards quantum cavity optomechanics
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