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Abstract: A Polarization-independent 3 dB Beam Splitter (PIBS) based on a self-collimation Mach-Ze-
hnder Interferometer (SMZI) in a hole-type silicon photonic crystal (PhC) is proposed and successful-
ly designed. According to theoretical analysis, it shows that the SMZI can implement the polarization-
independent beam splitting by utilizing polarization transmission matching method. Then, by chan-
ging the path length difference of the SMZI continuously, the same splitting ratio 1 ¢ 1 of self-collima-
tion beams for both transverse-electric (TE) modes and transverse-magnetic (TM) modes is obtained
at the operating frequency of 0. 177 4¢/a based on matching two polarization transmission spectra.
This behavior of the PIBS is also numerically demonstrated with the magnetic-field distribution for TE
polarization and the electric-field distribution for TM polarization calculated by the time domain finite

difference numerical simulation software. The results show that the dimension of the 3 dB PIBS is on-
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ly 16.7 pmX16.7 pm when its working wavelength is at 1 550 nm. With its small dimensions, simple

structure and single silicon material, this 3dB PIBS may have practical applications in future photonic

integrated circuits.

Key words: photonic crystal; self-collimation; Mach-Zehnder interferometer; polarization-independ-

ent; beam splitter
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Fig. 1 Equal frequency contours (EFCs) of the first
band for TE modes and TM modes in a silicon
photonic crystal consisting of a square lattice
of air holes and dispersion curves for two po-
larizations along GM direction. The regions
between two solid lines correspond to SC fre-
quency window. Inset: structure of photonic

crystal.
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Fig. 2 (a) Structure of SMZI consisting of two beam

splitters (S;, S;) and two mirrors (M,

M,). The arrows indicate propagation direc-

tions of SC light beams. (b) Polarization-de-

pendent reflectivity (R;) and transmittivity

(T,) of one beam splitter in common SC fre-

quency range.
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Fig. 3 FDTD simulated transmission spectra of SM-
Z1 for TE and TM modes at the right (solid

lines) and bottom (dash lines) output ports
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Fig. 4 FDTD simulated magnetic-field distribution
for TE polarization (a) and electric-field dis-
tribution for TM polarization (b) for input
light at f1=0.177 4¢/a.
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