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Summary:
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We have numerically demonstrated the
retracing behaviors (RB) of quasi-phase
matching (QPM) phase-matching curve,
which are the key phenomena for broadband
optical parametric processes. With QPM,
vertical phase matching curves and hence
broadband operations exist in collinear,
non-collinear, and quasi-collinear
configuration. Broadband operation is
feasible only at the degenerate point in the
collinear configuration with a specific pump
wavelength, Agc. Such a constraint sets a
significant  limitation in  application.
Particularly, all the broadband signals of
collinear phase-matched PPLN, PPKTP,
PPKTA, PPLT, and QPM GaAs (the data are
not discussed in this paper) are beyond the
fiber communication wavelength range and
biological window (650 — 1300 nm). With
non-collinear or quasi-collinear phase
matching configuration, the conditions and
output signal ranges of broadband operation
are much more flexible, particularly those
useful for fiber communication and optical
imaging of biological tissues.
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II. Research on Special-Type Optical
Waveguides

Photonic crystal fibers (PCFs) or
microstructured fibers are novel photonic
structures that represent one successful
application of the photonic crystal concept.

In recent years many research efforts have
been devoted to wunderstanding the
propagation characteristics of such fibers,
based on different theoretical methods. In
this research we have modeled and analyzed
PCFs using the finite difference mode solver
we developed. We demonstrate that the
full-vectorial finite difference method that
has often been employed to study
waveguide modes of various dielectric
waveguides can be efficiently used to obtain
the propagation characteristics, including
the effective indexes and field distributions,
of different PCFs [1],[2]. We are able to
calculate the dispersion properties of the
original holey fiber. The dispersion
properties are obtained by calculating the
effective indexes of the guided modes over a
range of wavelength. The actual index of
the pure silica is taken into account by
means of four-term Sellmeier formulas.
The dispersion coefficient curve is then
obtained by considering both the material
and the waveguide dispersions, which is
found to have very good agreement with
reported experimental values.

We have previously established an
efficient and highly accurate three-
dimensional full-vectorial finite element
numerical model (FEM-I) by introducing
inhomogeneous elements to properly handle
the boundary conditions at the interface
between different dielectrics and at the
corners of the dielectric structure [3], [4].
In this research we have employed the
FEM-I to accurately calculate the
propagation constants and the field
distributions of the modes propagating in
the MQW-based waveguides. Since the
sparsity of the matrices of the final
eigenvalue problem can be kept, the FEM-I
can be used to analyze the MQW structure
with a large number of wells. The
accuracy of approximating the composite
MQW region as a homogeneous region has
been examined numerically by varying the
MQW period. We conclude that replacing
the MQW materials by a single
homogeneous material with the root mean
square value of the refractive index profile,



as has been used for planar MQW

waveguides, 1s also useful for strip-loaded

waveguides with a large number of MQW

layers [5].
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Because of the required functions of
wavelength reuse and dynamic routing in a
wavelength-division-multiplexing fiber
communication network, all-optical
wavelength conversion has been an issue of
research focus for years. Besides four-wave
mixing either in a semiconductor optical

amplifier (SOA) or in fiber, the most
commonly used methods are based on
cross-gain and/or cross-phase modulation in
an SOA. Recently, it has been
experimentally and numerically shown that
an SOA with a directional coupler
configuration can improve the functions of
wavelength conversion based on the
cross-phase modulation. The directionally
coupled SOA scheme has advantages over a
conventional SOA wavelength converter in
several aspects, including extinction ratio
and response speed.

In this study, we report the results of
numerical studies on wavelength conversion
based on cross-gain/phase modulation in a
multimode-interference (MMI)  SOA.
Although an MMI SOA can be regarded as
a directional coupler of zero gap and its
linear coupling phenomenon is similar to
that of a directional coupler, their nonlinear
coupling behaviors based on gain saturation
and the associated phase modulation can be
different. With our MMI SOA configuration,
we found that the switching speed could be
higher with about the same switching
contrast, when compared with the operation
in a directional coupler configuration. We
also evaluated the effects of additive noise
on the signal-to-noise ratio of wavelength
conversion output.
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V. A New MEMS-Based Tunable
External-Cavity Semiconductor Laser
For Fiber-Optic Communication
A corner mirror, composed of two

orthogonal surfaces, can be used to reflect

incident light back to its incoming direction.

In this report an array of micromachined

corner mirrors is first reported to manipulate

light beam in free space. Through MEMS
technology, the corner micromirror allows
to provide actuation on one of the reflective
planes, causing destruction of preset
orthogonal planes. Incorporated with a
grating and other optical components, the
corner mirrors are preset to maintain
reflective light to its incoming direction, or
may be actuated to destruct mirror
verticality in order for free-space
wavelength selection or intensity variation.
In addition, the use of the corner mirrors
may not need a lens for collimation in an
appropriate optical configuration, thus
simplifying the optical system and reducing
alignment problems in assembly. A corner
micromirror requires two orthogonal planes
with virtually flat and mirror-like surfaces.

The addressable micromachined corner

mirror is constituted by three elements: a

vertical mirror, a movable horizontal mirror,

and a bottom electrode.

The addressing corner mirror array is able
to be batch fabricated. The microstructures
of the flat mirror and bottom electrode were
anisotropically micromachined from Si(100)
wafers. The thin gold film was evaporated
onto the mirror surfaces and electrodes. The
electrostatically switchable flat mirror was
then assembled by anodically bonding both
elements on the same glass carrier.
Meanwhile, the gap for electrostatic
actuation is critical, and thus requires a
precise control in process and assembly. In
the fabrication of wvertical mirrors, the
crystal plane was also bulk micormachined,
but from a Si (110) wafer. The gold film was
deposited for high reflection. To constitute
the addressable corner mirrors, the patterned
polymer BCB was heated in joining the
fixed vertical mirror onto the flat mirror
substrate. Consequently, the corner mirror

array was achieved in final assembly.

The optical properties of mirror surface
roughness and flatness were inspected
through the atomic force microscope (AFM)
and instrumental interferometer, WYKO
MHT III. In the roughness of both virtually
orthogonal planes, the vertical and
horizontal surfaces were measured in
root-mean-square (RMS) value to be 3.32

nm and 4.18 nm, respectively, which
demonstrates insignificant surface
scattering.

The addressable corner mirror array lies

at the path of the first-order diffractive light
after the emitted light is incident on the
grating (700 lines/mm). Although no
collimated lens was used in the experiment,
the reflected light beam was detected from
the corner mirror array.
We also demonstrate that, with the actuation
of one cormer mirror, the structure
configuration failed to maintain its right
angle, thus destructing the light path back to
the incoming direction. The signal at the
wavelength of 634 nm was not detected.
The results significantly ensure the
feasibility of the corn mirror array for wide
optical applications.
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