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Fabrication of 3 D Photonic Crystals by Multiphoton Processes
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Photomodification of transparent dielectric materials, induced by tightly focused laser beams, can be utilized for the
fabrication of 3 D photonic crystal (PhC) structures. The photomodification occurs in the focal region of the beam due
to multiphoton absorption. Nonlinearity of this process allows to reduce the size of the photomodified region even be-
low the diffractive limit of the focusing optics. We utilize two types of photomodification for the PhC fabrication: (i)
damage in silica glass that leaves empty voxels, and (ii) polymerization in liquid resins that leaves solid voxels. By
damaging( solidifying the initial materials at precisely controlled periodic locations, we have recorded 3 D PhC struc-
tures. Using the (i) process we have recorded PhCs in silica with 3 D fcc lattice types, which exhibit clear signatures of
photonic bandgaps in the near IR spectral region. With (ii) process we have recorded log-pile PhC structures, which ex-
hibit photonic bandgaps and microcavity effectsin the same spectral region.
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Fig. 1 Experimenta setup.
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Fig. 2 AFM image of focused femtosecond laser beam induced damages in
vitreous silica by single pulse shots. For AFM scanning, the sample

was polished.

Fig. 3 Optical microscope image of damaged voxels.
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Fig. 4 Photonic crystal of the fcc lattice fabricated in Ge-

doped silica. (a) Schematic of the spatial voxel array,
where a and ¢ denote voxel spacing in (111) planes
and the lattice constant, respectively. (b) Measured
and simulated transmission spectra.
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Fig.5 (8 Schematic of the layer-by-layer structure. (b) SEM image of a cross section of
the layer-by-layer structure. (c) Transmission characteristics of typical solidified

layer-by-layer structure.
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Fig.6 (&) Schematic of the log-pile structure and (b) optical

micrograph of the layer with the defect (top view) in
the log-pile photonic crystal. (c) Measured transmis-
sion spectrum of the photonic crystal with a defect.
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Fig. 7 Confocal microscopeimage of the 2 D photonic crys-
tal made by interference of femtosecond laser pulses,
and its optica setup which utilize a diffractive beam
splitter.
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