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Thesis Abstract

Design of a fiber Fabry-Perot cavity for an optimized coupling to
an optical fiber

In recent years, researches dealing the interaction between light and an atom, known
as cavity quantum-electro-dynamics (QED), became popular, of which technology is
expected to be used for quantum information processing. The quantum information
processing often demands transmitting the quantum state of atoms, which is
transferred to photons, to a different place far apart. Hence the usage of low-loss
telecom optical fiber is assumed. However, it is difficult to couple light efficiently into
an optical fiber from cavities that have been used for cavity QEDs. Recently, fiber
Fabry-Perot cavity (FFPC) has been developed for this purpose. Still, the coupling
from FFPC to an optical fiber is lower than the theoretical value that is predicted by
geometric optics. The purpose of this study is to reveal unknown effects that have not
been considered previously, by directly calculating the electro-magnetic field with a
computer, in order to achieve high coupling with optical fiber.

Chapter I is the introduction. Cavity QEDs have been demonstrated by using
various optical microcavities. In this chapter, I will introduce previous studies, and
show the characteristics and problems in devices used in these studies. I will describe
the aim and the objective of this study.

Chapter 2 is the theory. I will explain the basic theory of the cavity QED. Then I
will describe the stable condition that a cavity must satisfy, and show the design
parameters of the FFPC I use throughout this study.

Chapter 3 is the main part of this thesis, where I will explain the theory of FDTD
(Finite-difference time domain method) that is used to solve the Maxwell equation on a
computer. Then, I will show the FDTD calculation result for the cavity I designed in
chapter 2.

In this chapter, we show that the low coupling of the FFPC with an optical fiber is due
to the diffraction loss at the Bragg mirror. Diffraction loss has not been considered
before, which is pronounced because the cavity is small. It is a peculiar problem of
FFPC, and we showed the importance to take this effect into account in order to design
highly efficiently FFPC.

Chapter 4 is the conclusion of this study. I summarize the study and show future

prospects.
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Fig. 3.1: Surface of fiber Fabry-Perot cavity fabrication system.
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Fig. 3.2: Fabricated surface.
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Fig. 3.9: 3rd mode spectrum.
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Fig. 3.10: Length-changed spectrum.
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Fig. 3.12: FFPC 1st mode expansion (dash line).
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Fig. 3.13: Spacing fourier transform of 3.11.
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Fig. 3.14: Optical loss angle.
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