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Abstract

To increase transmission capacity of optical networks, a wavelength division
multiplexing (WDM) technique and multilevel modulation scheme are developing.
High-speed, low-power consumption, and large-scale optical transmission systems are
required. An optical switch technology is highly expected to be applied for optical nodes
because it can select optical signal paths without optical-to-electrical (OE) conversion.
Compact, fast, and low-loss optical switch is necessary. In this work, self-holding optical
switches using phase-change material (PCM) were proposed and investigated in order to
demonstrate their performance.

Chapter 1 summarized background, previous researches, and fundamental topics in
optical communications, related to this research. PCMs and self-holding phase-change optical
switches were also introduced. Ultra-small, high-speed, and self-holding characteristics of the
phase-change optical switches were explained.

Chapter 2 described Si waveguide crossings which are necessary for highly-integrated
optical circuits such as optical matrix switch. An offset crossing structure was proposed in
order to suppress transmission loss and crosstalk. Simulation results by finite-difference
time-domain (FDTD) method and experimental results were reported. The low crosstalk of
-45 dB was achieved for Ey mode.

Chapter 3 described three-types of phase-change optical gate switch. Thin-film, rib, and
multi-mode interference (MMI) -type switches were fabricated. Switching operation was
successfully demonstrated and it revealed that the stable, optical switching based on
phase-change is possible. For the thin-film-type optical gate switch, the extinction ratio of
about 10 dB was achieved and 1,000 cycles of switching operation were performed.

To design optical matrix switch, a 2 X2 switch is indispensable. In Chapter 4, How to
design a 2X2 phase-change switch based on directional coupling (DC) was described.
Supermodes in parallel waveguides were analyzed by finite-element method (FEM) and
coupling length was calculated from effective refractive indices of supermodes. Ultra-small
2 X 2 switch with 10-um-length could be designed.

Chapter 5 described how to design a 2 X 2 phase-change switch based on Mach-Zehnder
interferometer (MZI). Spatial and wavelength switches could be realized with symmetric
and asymmetric arm waveguide configurations. The MZI-type 2X2 switch had a short
length of PCM and good fabrication tolerance.

Chapter 6 summarized results of each Chapter and concluded this work.




