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Fig. 1. Band structure of the two-dimensional triangular-lattice PC structure (a) and the dispersion curve

of the W1-typed straight waveguide (b).
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Fig. 2. (color online) Coupling characteristics of two-
parallel photonic crystal waveguides spaced apart by
one row of dielectric cylinders: (a) Dispersion dia-
gram of the coupled waveguide; (b) steady spacial light
intensity distribution at the normalized frequency of

0.40c/a.
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(color online) Light transmittances through
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mittance through the proposed structure.
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(c) 0.3999¢/a.
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Abstract

The photonic crystal power splitter based on the energy coupling effect between waveguides has the advantages
of compact structure, wide bandwidth, low bending loss, large angle of separation, and no external electromagnetic
interference. In this paper, the power splitting characteristics of two-dimensional triangular-lattice photonic crystal
coupled waveguide are theoretically studied by using the finite-difference time-domain method, and a functional device
is designed in order to achieve different output power ratios within different frequency ranges.

In the two-dimensional photonic crystal structure with triangular lattice, we set two adjacent straight waveguides
and the light beam is introduced from one of them. Because of the energy coupling effect between the two line defects,
the light energy propagates alternately in them. Based on this principle, structures of different coupling lengths are
simulated and the interference effect of each surface is considered. The device with the best coupling length is achieved
for three different output energy propagating characteristics at different frequencies, which include three-division, two-
division and single output cases. That is to say, the incident light beam within a frequency band travels through a
particular waveguide; light in another frequency band only flows through the other two output waveguides; light in the
third frequency band is assigned to all the three output waveguides equally. However, the frequency band width for the
high-quality light beam splitting area as well as the transmittance contrast of the other two functional band areas are
not very ideal.

Based on the above numerical results, two transmission modes in the coupling waveguides are achieved by changing
the cross section shape of the dielectric column in the coupling region and also by changing the connecting position
between the output branch waveguide and the energy-coupling waveguide. Through the above change, the splitting
performance is further optimized.

By detecting and analyzing the relative intensity of the three output waveguides, we can determine the range of the
incident light beam. Furthermore, the frequency ranges of the three different light output characteristics can be adjusted
flexibly by changing the cross section shape of the dielectric column in the coupling region or by changing the connecting
position of output waveguides. The functional device proposed in this paper has a high transmittance contrast ratio
and a compact structure, which will promote the practical application of the all-optical functional devices in the fields

of large-scale all-optical complex integration.

Keywords: photonic crystal, mode coupling, self-imaging effect, power splitter
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