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Abstract

The high density wavelength division multiplexing, polarization-multiplexing, and multilevel
modulation will be used in the next generation network. Therefore, optical circuits are required to be
integrated on a large scale and have higher functionality.

Chapter 1 is the introduction, which describes the contemporary state and the movement on optical
network. PLC (Planar Lightwave Circuit) techniques, some sorts of material characteristics used for
optical devices are discussed. The purpose of our study are the down sizing of optical
multiplexer/demultiplexer and polarization beam splitter (PBS) by using air trench bend (ATB)
structures and low-refractive index material embedded waveguides, and realizing a high-speed optical
multiplexer/demultiplexer by using PLZT(Pbyx Lax (Zry Ti1y)14 Os) waveguides.

In Chapter 2, the compact arrayed-waveguide gratings (AWGSs) using ATBs, which have trenches
along both sides of the core, is proposed. The ATB structure was optimized by simulations, and the
8-ch, 100 GHz-channel spacing AWG was fabricated. The size reduction of about 1/4, compared with
the same specification AWG, was achieved.

In Chapter 3, the waveguide using trenches along both sides of the core, filled with low-refractive
index materials is proposed. It can eliminate the drawbacks of ATB structures. The minimum bending
radius of a silica-waveguide was reduced from 2 mm to 200 um.

In Chapter 4, the compact AWGs were designed and fabricated by using trenches filled with a
low-refractive index material. The 90 degree bend type AWG and the arrowhead type AWG were
designed and fabricated. They had 8-ch, 100 GHz channel spacing and 8-ch, 12.5 GHz channel
spacing, respectively. The sizes of these AWGs were 1/2 and 1/4, respectively, compared with
conventional AWGs.

In Chapter 5, a novel waveguide-type PBS using trenches filled with a low-refractive index
material is described. Its birefringence is 10° order. The narrowband type PBS which exhibits very
high polarization extinction ratio around the center wavelength and the wideband type PBS which has
high polarization extinction ratio over a broad wavelength range were proposed and fabricated. The
insertion loss, the maximum polarization extinction ratio and -10 dB polarization extinction ratio
bandwidth were 9.0 dB, -28.9 dB and 45 nm, respectively, for the narrowband type PBS. The insertion
loss, the maximum polarization extinction ratio and -10 dB polarization extinction ratio bandwidth
were 4.4 dB, -22.8 dB and 105 nm, respectively, for the wideband type PBS. Compared with a
conventional silica-based waveguide type PBS, waveguide arm lengths of both type PBSs were
reduced by factor of about 5.

Chapter 6 describes the design and the fabrication of the high-speed wavelength selective AWG
and the AWG integrated with 8-ch optical switch arrays using PLZT waveguides. They were operated
at the control voltage of 22 V and 32 V, respectively. The tuning speed of these devices was 15 ns.

Chapter 7 concludes this thesis and mentions future tasks and future prospects.
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