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Research on Sub-Wavelength Grating Polarizing Beam Splitter
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Abstract A near-infrared (NIR) polarizing beam splitter is designed based on a single layer sub-wavelength silicon
grating, which is reflective for TE polarization and transparent for TM polarization around the incident angle of 45°.
The design of the proposed beam splitter is based on the leaky-mode resonance effect and Brewster-like effect of the
sub-wavelength grating. Scattering matrix method and finite-difference time-domain method are utilized to design and
analyse the structure. Simulation results show that both the reflection and transmission extinction ratios of the beam
splitter are over 100 in the wavelength range of 1390 ~ 1600 nm. Moreover, the polarizing beam splitter has a
relative big angular tolerance and the efficiency of the beam splitter under the illumination of a Gaussian beam with
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finite size is very high.
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Fig. 1 Schematic of a sub-wavelength grating polarizing
beam splitter
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Fig. 2 (a) Dispersion curve of the sub-wavelength grating for TE polarization; (b) electric field distributions of the two

resonant modes at the cross section of the grating at k,a/(2x) =03 (c) Fourier transformations of the electric fields

in the grating with different Bloch phases
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Fig. 3 Reflection spectra of a sub-wavelength grating for TE polarization at different incident angles
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Fig. 4 Reflectivity of (a) a uniform slab and (b) a sub-wavelength grating for TM polarization as function

of incident angle and normalized frequency
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Fig. 5 Reflection spectra of the polarizing beam splitter
for both TE and TM polarizations
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Fig. 8 Steady-state distributions of Poynting vector of the polarizing beam splitter illuminated by

(a) TE-polarized Gaussian beam and (b) TM-polarized Gaussian beam
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