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Polarization-controlled Optical Switch Based on Surface Plasmon

LI Gang, GUAN Wen-jun, ZHANG Yan-jun, LIU Yan-li, HOU Yu-long, SHAN Yan-hu,
ZHANG Zhi-dong, ZHANG Bin-zhen, XUE Chen-yang
(Science and Technology on Electronic Test and Measurement Laboratory, North University of China ,
Taiyuan 030051, China)

Abstract: An optical switch based on polarization state control is designed by using a rectangular-like
nanorods tetramer composed of four Au nanorods. The finite element method is used to study the
response characteristics of the structure to incident light polarization. It is found that the transmission
spectrum of the structure dependent strongly on the polarization direction of the incident light. When the
polarization angle of the incident light changes by n/2, the switching ratio of the characteristic peaks can
reach 27.81 dB and 21.65 dB, respectively. The analysis shows that the switching effect is mainly caused
by the different near-field coupling strength between the horizontal double rod and the vertical double rod
at the different polarization states. The relationship between the transmittance and the polarization angle
of the structure obeys the Malus law. In addition, the influence of structural parameters on the response
characteristics of optical switches is studied by changing the structural parameters of the rectangular-like
nanorod array. On this basis, the influence of the periodic parameters on the transmission spectrum of the
unit structure under the horizontal and vertical polarization of the incidence light is studied by changing
the period parameters of the array. These results can provide a theoretical basis for the design of tunable

dual-wavelength polarization-controlled optical switch.
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(a) Array diagram of the nanorod tetramer (b) Top view of the unit cell
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Fig.1 Schematic of the rectangular-like nanorod tetramer
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(a) Transmission spectra of nanorod tetramer at 6= 0° and 90°

(b) Electric field and charge distribution at 4,=1.26 pm
and 1,=1.29 pm
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Fig.2 Transmission spectra, electric field and charge distribution of the rectangular-like nanorod tetramer
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(b) Electric field distribution at different polarlzatlon angles at 4, =1.26 um and 4,=1.29 pm
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Fig.3 Transmittance spectra and electric field distribution of rectangular-like nanorod tetramer varying with polarization angle
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Fig.4 The relationship between the transmittance and the polarization angle
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(c) The electric field distribution at the transmission valley at different periods P when 6=0° and 6=90°
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Fig.7 Transmission spectra and the electric field distribution at the transmission valley with different periods P
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(c) Charge distribution at transmission valley
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Fig.9 The transmission spectra with different period sizes P, and P, and
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