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Abstract

Silica has been widely employed as a host material for passive optical devices including fibers,
couplers, and filters because it has an extremely low absorption and scattering loss and can be
easily processed. However, despite its excellent properties, it has rarely been used for active
optical devices such as optical switches and memories. This is owing to a small nonlinear
coefficient and absence of carrier-induced and electro-optic effects in silica. Nevertheless, it is
possible to control light efficiently even in a material with a small nonlinear coefficient if a
microcavity with an ultra-high Q factor and a small mode volume is used. Specifically, the
“dynamic control” method for controlling light, which is achieved by time-dependently
changing the microcavity characteristics, is expected to be employed for optical switches,
memories and frequency converters. The goal of this study is to demonstrate the dynamic
control of an ultra-high Q silica microcavity and to use it for an all-optical memory, switching,
frequency conversion, and tunable buffering.

Chapter 1 describes the background and objective of this study.

Chapter 2 deals with the basic theory, fabrication, and characterization of a silica toroid
microcavity that is used in this study.

Chapter 3 describes the development of a theoretical model for nonlinear optical effects such
as optical Kerr and thermo-optic effects in a silica toroid microcavity, and then uses it to
confirm numerically the feasibility of an all-optical memory in a microcavity.

Chapter 4 reports proof-of-principle all-optical switching experiments that were performed
using the optical Kerr effect in a silica toroid microcavity. The results proved that a moderate
input control power of 2.1 mW is sufficient for switching, and the required power can be further
reduced to 36 uW when a Q value of over 10’ is employed.

Chapter 5 describes the achievement of all-optical frequency conversion based on an
adiabatic frequency conversion (AFC) process. The use of the optical Kerr effect in an
ultra-high Q silica toroid microcavity made it possible to demonstrate AFC with arbitral amount
of frequency shift, conversion time width, and multiple times of conversion processes. In
addition, the effect of the relative phase between the original and converted lights on the optical
output was revealed.

Chapter 6 reports the experimental observation in the time domain of the strong coupling
between ultra-high Q optical modes in a silica toroid microcavity. The numerical model and the
experimental techniques developed in this chapter were employed for the experiments described
in Chapter 7.

Chapter 7 describes a demonstration of all-optical tunable buffering both numerically and
experimentally. All-optical tunable buffering was achieved by coupling ultra-high and moderate
Q modes in two different silica toroid microcavities and controlling the coupling between the
two modes dynamically via the Kerr effect.

Chapter 8 summarizes the knowledge obtained in each chapter, and concludes the thesis.
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