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Abstract

In order to meet the increasing demand for the capacity of optical networks, a ROADM
(Reconfigurable Optical Add-Drop Multiplexer) is introduced for each node, because a
ROADM can efficiently route WDM (Wavelength Division Multiplexing) signals by
dynamically selecting the optimal path for each signal. A ROADM consists of optical fibers,
transmitters and receivers, and these components are connected through many optical
switches to reconfigure networks. An optical switch should be compact, low-loss, and
insensitive to the polarization states of the signal; in order to reduce the installation space, to
save energy of optical amplifiers, and to maintain the quality of signals. In addition, each
switch should have the flexible-grid operation function, which enables the efficient use of
spectral resource by multiplexing many signals modulated with various kinds of formats.

In Chapter 1, I describe a trend of an optical network and the necessities of the ROADM
and flexible-grid ROADM using space switches and WSSs (Wavelength Selective
Switches). In this study, | propose space switches and WSSs employing LCOS (Liquid
Crystal on Silicon) or MEMS (Micro Electro Mechanical Systems). The purpose of this
study is to establish the design method for these switches with low loss, compactness,
polarization insensitivity, and flexible-grid operation function.

In Chapter 2, an LCOS-based space switch and a method for aberration compensation with
the LCOS are proposed. The optimal phase modulation pattern for the LCOS that reduces
the insertion loss is calculated with the trial-and-error-based algorithm. By utilizing the
correlations between the Zernike modes, the time required for optimization with this scheme
is approximately a half compared to that with the conventional algorithm.

In Chapter 3, | propose an LCOS-based WSS with a multilayered AWG (Arrayed
Waveguide Grating). The WDM signal is spectrally decomposed by the input AWG, and the
LCOS switches the selected wavelength components to the output AWG, which locates in
another waveguide layer. It is necessary for reducing the loss of the WSS to precisely align
the AWGs to be parallel between the layers. | propose two methods to fabricate the
multilayered AWG: the first one is to fabricate the separate AWGs on the individual
substrate and stack them together; and the second one is to fabricate several AWGs
monolithically on the single substrate. Both methods show good fabrication results, where
parallelisms between the waveguide layers are £0.9 um and +0.7 um, respectively.

In Chapter 4, a WSS composed of the AWG and a pair of LCOSs is proposed. One LCOS
is employed for switching, and the other is for compensating for the phase errors of the
AWG. A polarization diversity optics is introduced to compensate for the PDL (Polarization
Dependent Loss) of the LCOS. The fabricated WSS shows small PDL of less than 1 dB.

In Chapter 5, a WSS with the AWG and a single LCOS is proposed. This WSS is compact
because of the folded configuration enabled by the reflector in the optics. Also, both
switching and phase error compensatlon is operated by the single LCOS. The size of the
WSS is reduced to 100x80x60 mm® and the PDL is less than 2 dB.

In Chapter 6, | propose a MEMS-based WSS, where slot structures are employed in each
MEMS mirror to eliminate the spectral ripples induced by the inter-mirror gaps in the
flexible-grid operation. The MEMS structure is optimized, and the ripples are only 0.004 dB
when two slots with 2-um widths are in each mirror with 50-um pitch.

Chapter 7 summarizes this thesis and describes the future prospects of this study.
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