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Numerical Analysis of Photonic Crystal Waveguide Devices Formed by
Two-Dimensional Circular Cylinder Array
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In recent years, there are very remarkable developments of the information and
communication technology. One of the reasons is the miniaturization of the circuit.
However, improvement in performance over the long-term is difficult due to a
decrease in noise immunity by miniaturization of the circuit. Therefore, computer
using an optical circuit has been proposed. The photonic crystal attracts attention as
a basic structure forming this optical circuit, research is in progress now.

This thesis deals with the numerical analysis of two-dimensional electromagnetic
fields in the photonic crystal waveguide devices (PCWD). Appropriate arrangements
of the defects in the photonic crystal function as resonator, branch, filter, etc. Various




numerical techniques have been developed to analyze the electromagnetic wave
propagation in the PCWD. Most of the techniques introduce absorbing boundaries to
reduce the analysis region, and some techniques are not available to obtain the
evanescent modes. In this paper, we propose a formulation to resolve these problems.

This thesis consists of 5 chapters. Chapter 1 describes the background and objective.

The formulations proposed in this thesis are based on the recursive
transition-matrix algorithm (RTMA), which is a numerical approach to the multiple
scattering problem of circular cylinder array. Chapter 2 introduces several techniques
of the RTMA.

In chapter 3, the numerical analysis of two-dimensional PCWD using periodic
boundary conditions. The structure under consideration is decomposed into layers of
the cylinder arrays, and the input/output properties of the devices are obtained using
a technique for multilayer structure. The periodic boundaries are introduced in the
direction perpendicular to the wave propagation, and the Floquet-modes of each layer
are calculated by the Fourier series expansion method with the help of RTMA. The
present formulation can calculate not only the guided-modes but also the
evanescent-modes.

In chapter 4, a spectral-domain approach is presented for the PCWD structure. In
this method, discretization in wave number space is performed without introducing
periodic boundary. This approach obtains the propagation characteristics of the
entire structure by cascading the layers as same with the approach shown in chapter

3. This 1s also possible to calculate the evanescent-modes not only guided-modes.
Chapter 5 is the conclusion of thesis.
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