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BTNAOES With development of information society, quantity of information to transmit or store is

(57) considered to keep increasing. To support such demand, research and development of devices for

optical network system is intensively promoted. The size of typical planar lightwave circuit,
which is most widely used for various optical circuits, is square of several millimeters. Further
miniaturization for device size is expected.

Photonic Crystal (PC) are artificial crystals, which have a periodic change of the refractive
index corresponding to about half of the light wavelength. The PC waveguide is basically
composed of periodic array of dielectric rods or particles with a line of defect in background
media. Due to the band gap, the wave with limited range of propagation constants is allowed to
exist in the waveguide. Its propagation characteristics are determined by the refractive index n,
the lattice period P, and optical frequency. The light wave propagates along with the defects
because the existence is forbidden due to PBG outside of the defects. Also, micro optical circuits
such as perpendicular bend or branch with quite small loss is possible by making use of PBG.
Therefore, it is expected that the size of optical device can be further miniaturized up to square of
several tens of micrometer by PC structures. PC structures are indispensable for integrated optical
circuits of next generation, because of its outstanding transmission characteristics based on band
gap theory, to realize miniaturization of devices and reduction of cost with high reliability in
whole system.

In this doctor thesis, the analysis is demonstrated numerically by Finite Difference Time
Domain (FDTD) method. First, a novel absorbing boundary condition for the FDTD method
based on extrapolation is presented. As the FDTD method is basically applied for closed
computational regions, it is necessary to set a hypothetical absorbing boundary that inhibits
reflection from the ends of the region. Some numerical examples are presented to verify
performance of the proposed Extrapolated Absorbing Boundary Condition (EABC). The EABC
shows higher absorption performance than Mur's ABC. Also, in comparison with absorption by
Berenger's Perfectly Matched Layer (PML) with 12 or less layers, EABC has better absorption
performance. The formulation of EABC is as easy as Mur's ABC and the memory consumption to
absorb is smaller than PML.

Second, the transmissivity of two dimensional photonic crystal directional coupler have been
investigated numerically by FDTD method and experimentally by a fabricated model in
microwave frequency. The parameters of PC waveguide were first determined by FDTD
simulation. Based on the simulation, we have fabricated a model of photonic crystal directional
couplers and measured its transmissivity. The numerical and experimental results have shown
fairly good agreement each other in frequency range of 3.60-4.20 GHz.

Finally, all-optical logic device by PC structure is reported in this thesis. Optical Kerr effect,
which arise instantaneous nonlinear refractive index change, is introduced in the structure to
control the transmission characteristics by amplitude of optical signal itself. The refractive index
changes with electric field E of light from n¢to ne+ nn.|EJ2. In numerical simulation for
two-dimensional pillar type PC directional coupler, it was found that the signal output is
controllable due to the input amplitude by making use of nonlinear dielectric rods. Possibility for
optical switch and all-optical logic device of the coupler is also discussed.

The thesis consists of the following chapters. In Chapter 1, the general background is
mentioned. Also, the background and the purpose of this thesis and outline of each chapter is
described. In Chapter 2, numerical analysis techniques of FDTD method is explained. In Chapter
3, novel extrapolated absorbing boundary condition is formulated and some numerical examples
are demonstrated. In Chapter 4, transmissivity of two-dimensional PC structure by FDTD method
and experiment by a fabricated model in microwave frequency is described. In Chapter 5,
numerical analysis of two-dimensional PC directional coupler is described. In Chapter 6, the




results obtained throughout this study are briefly summarized. Some future subjects are also
mentioned.
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