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Study on side-hole surface plasmon resonance refractive index sensing
based on single-core photonic crystal optical fiber
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Abstract: In order to detect the refractive index of surface plasmon resonance (SPR) with high sensitivity, a SPR sensing
structure based on single core photonic crystal fiber with large core was proposed. The full vector finite element method was used
to simulate and analyze its sensing characteristics. The results show that the structure has a wide range of refractive index sensing
range (1.36 ~1.55). At the same time, the structure has high sensing sensitivity and the average sensitivity is 12139nm/RIU.
With refractive index of 1. 36 ~ 1. 42, the linear sensor sensitivity is 5646. 4nm/RIU and linearity is 0. 9317. With refractive
index of 1.42 ~1.57, the linear sensor sensitivity is 15326. 8nm/RIU and linearity is 0. 98738. Sensing characteristics appear in

obvious linear subsections. The results provide an important theoretical basis for the realization of high sensitive photonic crystal
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fiber SPR sensors.
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Fig. 1 Cross section diagram of SPR sensor based on single-core photonic

crystal fiber
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Table 1 ~Parameters in Lorentz-Drude model

G,/(rad +s™') @, /(rvad + s ') w,/(rvad +s™') I, /(rad +s71)

m

0 8.45x107! 1.369 x 10 0 7.292 x 10"
1 6.5 %1072 1.369 x 10 1.24 x 10" 5.904 x 10"
2 1.24x107! 1.369 x 10" 6.808 x10"°  6.867 x 10
3 1.1x102 1.369 x 10" 1.244 x10®  9.875x 10"
4 8.4x107! 1.369 x 10 1.38 x 10 1.392 x 10"
5 56.46 1.369 10"  3.083 x10'  3.675x10"
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Fig.2 a—loss curves of x-polarized and y-polarized core mode at n, =1.43
and the optical distributions of SPR with SPP,, SPP,, and SPP,
modes b—dispersion (left) and loss (right) curves of x-polarized
core mode and SPP modes at n, =1.43  ¢—loss curves of x-pola-

rized core mode at n, =1. 43 and n, =1.45
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Fig.3 a—loss cures of core mode with n, in the range of 1.37 to 1.47

b—relationship between resonant wavelength and n,
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Fig.4 Linear fit curve of resonant wavelength
a—with n, in the range of 1.36 to 1.42 b—with n_ in the range of 1.42 to
1.57
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Fig.5 Loss curves of SPR wavelength with n, in the range of 1.37 to 1.47
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