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Photonic crystal structures fabricated in planar semiconductor materials open possibilities for an ultra-high packaging
density of integrated optics. In planar photonic crystals light is vertically confined by total internal reflection and
horizontally by an in-plane bandgap resulting from a periodic pattern of air holes. Waveguiding through sharp bends,
novel dispersion properties, and extremely small cavities can be realized using these structures.

In this work, we have experimentally and by simulations investigated the effect of making small perturbations of the
size of the border holes adjacent to the planar photonic crystal waveguide (PCW). The waveguide is created by
removing one row of holes in the nearest-neighbour direction of air holes placed on a triangular lattice with pitch
A=380nm in a silicon-on-insulator (SOI) material. Changes in the diameter of the border holes lead to large shifts in the
cut-off of the fundamental photonic bandgap (PBG) mode and its dispersion properties [1,2]. We have fabricated and
characterised examples of various components utilising the novel characteristics of the border hole-modified
waveguides. The patterns defining the components were written with electron-beam lithography on a resist, which was
spun on a SOI-wafer. The patterns on the resist were transferred to the top silicon layer by reactive ion-etching.
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The figure above shows the design (left) and a scanning electron micrograph (middle) of a wavelength selective
directional coupler based on perturbed border holes. This component is designed to split and couple a narrow
wavelength band. The wavelength selective operation is achieved by enlarging the size of the border holes (indicated as
grey holes in the left figure) of the waveguides in the coupling region, which has a length of only 7A. Enlarged border
holes shift the cut-off of the PBG mode to shorter wavelengths. Therefore, the transmission of longer wavelengths will
be blocked in the direct channel and the light couples to the drop channel. The operation characteristics can be tuned by
changing the coupling length and the diameter of the holes. The graph shows the measured transmission for TE-like
polarised light in the direct and drop channels. The spectra are normalised to the transmission through a PCW of similar
length. The drop channel is located near the cut-off of the PBG mode as designed. Optimization of the structural
parameters and fabrication tolerances are needed to improve the loss of the component. The size of this new coupler is
only -.8gm x 7gm and the operational bandwidth is suitable for coarse wavelength division multiplexing in optical
communications.
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