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Photonic crystal, or photonic band gap (PBG) material, is one of the most important issues
in modern optoelectronics, highly regarded as /Ae key element that will lead to breakthrough
in optical technology and miniaturized optical devices. Photonic crystals are
microstructures that have a spatial modulation of their dielectric properties, giving rise
to a PBG, which is a spectral range that affects the propagation of electromagnetic waves
within certain energy (frequency) range. Hence photomic crystals can be used to control the
flow of photons, or to localize light strongly within an optical cavity to study light-matter
interactions. Photonic crystals can also be used in the diffractionless transport of light
signals in asocalled all-optical microchip, which can perform functions analogous to current
microelectronic circuits, and open up the way to photonic computing.

From the practical viewpoint, engineering of 3D PBG near the telecommunications wavelengths
around 1. 5 um is especially important. 3D microstructuring of high refractive index materials
caﬁ be achieved with conventional planar-semiconductor technologies, but it is tremendously
arduous, involving lengthy multi-step procedures even for the simple woodpile structures
(straight rods stacked in a periodic manner which can be build layer-by-layer). These
difficulties have stages a search for alternate strategies that would allow practical and
economical fabrication of 3D periodic structures. Lithography by direct laser writing (DLW
in dielectrics using tightly focused laser radiation to induce multi-photon absorption,
enables rapid, straight-forward and flexible micro- and nano-fabrication of arbitrary
patterns with high spatial resolution, and therefore is an attractive tool for the tailoring

of PBG structures.
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In this research work, the intrinsic patterning capability of the DLW technique is applied
and exploited to fabricate 3D photonic crystals belonging to a recently elaborated novel
class of structures whose spiral architecture has promising PBG properties. The complexity
of the spiral structure photonic crystal makes it difficult to implement by many common

microstructuring techniques such as the layer-by-layer lithography, multibeam interference

and self-assembly planar, but is realizable using DLW. The mechanism of photopolymerization
has been investigated extensively, and near-optimal exposure, pre- and post-processing
conditions have been established. This allows successful fabrication of highly periodic
square spirals structures that have photonic stop gaps appearing in the spectral range of
1.5 - 6.0 pm. Introduction of intentional defects for functionalities such as waveguiding
into these structures is also been demonstrated. The world’s first circular spiral structures,
which has large theoretical PBG, has also been implemented successfully. By improvising the
fabrication scheme, horizontal circular spiral with photonic stop gaps at 0.88 pm the
shortest so far observed in spiral structures, have been constructed. These high quality
polymeric spiral structures are useful as photomic crystal templates for secondary
infiltration such as the double infiltration technique to exchange the low refractive index
photoresist material with a high refractive index material like silicon.

This thesis consists of six chapters.

Chapter I describes the fundamentals of photonic crystals using the 1D photonic crystal
(dielectric mirror) as an example. Some of the important photonic crystal architectures,
and current common fabrication techniques are discussed and compared. The motivation of this
research work is described.

Chapter 2 includes a section devoted to describe the technique DLW. The mechanism of
photopolymerization is described in details.

Chapter 3 is focused on square spirals. The square spirals were proposed by Toader and John
in 2001, and were implemented using DLW, which displayed stop gaps in the spectral range
of 1.5 to 5 0 pm. In addition, we demonstrated that defects can be inserted into the spiral
structures freely, and more importantly, the defects are sustainable. Tailoring of the pre-
and post-processing conditions of the photoresist, in addition to optimizing the exposure
conditions, for improving the mechanical rigidity and inhibiting image blurring is also
described.

Chapter 4 is devoted to circular spirals. This work implemented the world’s first circular
spiral structures photonic crystals, and investigated their optical properties. The

so-called horizontal spiral structures photonic crystals exhibit photonic stop gaps in the
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spectral region of 0. 88 - 1. 1 um, which is the shortest reported so far for spiral structures

and simultaneously they have reasonable attenuation of around 15%.

Chapter 5 described the polymeric photonic crystals fabricated by DLW used as templates for
the double infiltration processes, which replaced the photoresist material with a high
refractive index like silicon.

Chapter 6 summarized the results and conclusions, and discusses future possible work on this

research topic.
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