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Multi-channel drop filter based on two-dimensional photonic crystal
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Abstract: On the basis of the resonant coupling principle of light wave modes between the defect
modes of line-defect waveguides and the ring resonators, a multi-channel drop filter consisting of a
line-defect waveguide, ring resonators and 60° bend waveguides was designed by using the two-
dimension triangular lattice photonic crystals. The energy structures of a complete photonic crystal
and a line-defect waveguide were calculated by the plane-wave expansion method. The transmission
characteristic of the filter was investigated with the two-dimensional finite difference time domain
method. Then, the effect factors on coupling efficiency of devices were analyzed and an improved
method was proposed. The analysis shows that the resonance frequencies of photonic crystal ring
resonator depend on the radius of dielectric rods in the resonators and the coupling efficiencies between
the line-defect waveguides and the ring resonators are improved by changing the shapes of dielectric
rods in coupling region and replacing the straight waveguide with a 60° bend waveguide. The
simulation results show that the optimized multi-channel two dimensional photonic crystal filter has
good wavelength selection frequency performance, and the transmission efficiencies of all the

resonance wavelengths are above 90%. The filter is characterized by a smaller size, simple structure,
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easy integration and good application prospects.

Key words: multi-channel drop filter; photonic crystal; line-defect waveguide; plane-wave expansion method;

finite difference time domain method; device coupling
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(a) Gap map for a triangular lattice of dielectric rods
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Fig. 1 Energy-band structure of photonic crystal
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(a)Configuration of two-port channel drop filter
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(b) Transmission spectrum of two-port channel drop filter
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Fig. 2 Two-port channel drop filter and its properties
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(a) Structure of 60° bend drop waveguide filter
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and its properties
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Tab. 1  Results of parameter optimization of dielectric

rods in line-defect waveguides and ring resonator

x y Resonant Transmission/ %

frequency

0.20a 0.512 O0a 0.407 2 93.7
0.24a 0.426 6a 0.406 7 92.8
0.26a 0.393 8a 0.406 7 87.5
0.28a 0.365 8a 0.406 7 86.1
0.30a 0.341 4a 0.406 7 83.4
0.32a 0.320 Oa 0.406 7 77.0
0.34a 0.301 2a 0.406 7 58.8
0.36a 0.284 4a 0.406 7 46.7
0.38a 0.269 4a 0.406 7 50. 2
0.40a 0.256 0a 0.406 7 41.8
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(a) Optimized two-port channel drop filter
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(b) Transmission spectrum of optimized two-port

channel drop filter
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