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In Chapter 1, the background and aim of this dissertation are explained. First, the advantages of optical
fiber communications are described in the applications to long—distance and high—speed communication
networks. It has low loss and large transition capacity. The development of the photonic integrated circuit
technology enables one to apply such a high—capacity transmission to short—distance communications

Especially silicon photonics is attractive because of strong optical field confinement and CMOS
compatibility. In this dissertation, integrated wavelength—selective switch (WSS) structures are proposed
which are main components of the wavelength-division multiplexed (WDM) network.

In Chapter 2, characteristics of the waveguide components are described to design WSSs. Then, the
requirements of the WSS for on—chip and inter—chip optical WDM network applications used for inter—core
communications are clarified and its feasibility is discussed assuming state—of—arts technologies.

In Chapter 3, a WSS structure using multiplexers and demultiplexers based on microring resonators (MRRs)
is proposed. It uses Mach-Zehnder interferometers (MZIs) for routing optical signals. The four—channel
WSS operation has been successfully demonstrated with a 14 dB switching ratio. However, it has a large
insertion loss of > 10 dB due to MRR characteristics, which contains an MRR insertion loss and a resonant
wavelength mismatch between the demultiplexer and the multiplexer caused by fabrication errors.

In Chapter 4, another WSS structure based on a wavelength—selective phase shift is proposed. The WSS can
place wavelength filters for a designated wavelength channel nearby, which results in reducing the effect
of fabrication errors. MRRs are placed between the MZI arms so that a phase shift is applied only to a
designated wavelength channel without affecting the other channels. The switching ratio obtainable with
incomplete waveguide component characteristics is discussed. The single channel WSS operation has been
successfully demonstrated with a reduced insertion loss

In Chapter 5, the results obtained throughout the dissertation are summarized
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