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Abstract

In recent years, the Internet traffic has been surged because of the spread of cloud services and
streaming video services. High-speed and large capacity photonic networks are therefore highly required.
In future photonic network nodes, it is expected to switch wavelength paths in the optical layer and to
compensate the dispersion of transmission media adaptively. Optical circuits are suitable for such
applications and more densely-integrated and functional circuits are necessary.

Chapter 1 is the introduction, which describes the current situation and related technical
developments on an optical network. The PLC (Planar Lightwave Circuit) technology, dispersion
compensation techniques, and optical signal routing with a WSS (Wavelength Selective Switch) are
introduced. The purpose of our study includes the downsizing of an AWG (Arrayed-Waveguide Grating)
and the realization of an AWG-based TODC (Tunable Optical Dispersion Compensator) and an
AWG-based WSS.

In Chapter 2, the author describes the fundamentals and the simulation methodology of an AWG,
which is the key device in the thesis. The performance degradation due to fabrication errors is also
discussed.

In Chapter 3, a helical AWG with waveguide loop mirrors are proposed. The loop mirror has small
bends with buried resin structure for compactness. The helical AWG occupies smaller footprint than a
conventional one. The insertion loss and the adjacent channel crosstalk of the fabricated helical AWG are
10.9 dB and -8.2 dB, respectively. The size reduction ratio compared with the conventional one with the
same specifications is about 1/2.

In Chapter 4, a tunable optical dispersion compensator using a high resolution AWG and integrated
lens-shaped phase shifters are described. Two different silicone resins are used for the phase shifters,
which allow us to set the dispersion tuning range and the center value independently. Three TODCs with
different spectral resolution AWGs are fabricated and dispersion tuning ranges of 125 ps/nm, 360 ps/nm,
and 1420 ps/nm, are confirmed, respectively. The successful compensations are demonstrated in 43
Gbit/s transmission experiments.

In Chapter 5, advanced AWG-based TODCs are described. First, the integrated TODC that uses
two tandem AWGs are proposed. It can relax the band-narrowing at a high dispersion setting and exclude
a circulator, which is necessary for the previous AWG-based TODC. It is fabricated and the performances
are confirmed. Second, an AWG-based TODC with silicon waveguide is proposed. The TODC design
with waveguide-type phase shifters is developed.

In Chapter 6, two types of 1x2 WSS based on an AWG; uniform grid WSS and gridless WSS are
described. The uniform grid WSS has fixed bandwidths for every wavelength channel, and the gridless
WSS has variable bandwidths. The switch array consisting of 1x2 switches and wavelength couplers
offers the wavelength-selective switching function. Switching performances are confirmed for both of the
WSSs with computational simulation. A loopback configuration, which can eliminate the need of the
center wavelength matching between the AWGs, is proposed and designed.

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