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Resonance Modes and Influencing Factors of Micro Sensing
Unit on Fiber End Face

Jia Xiangjie, Hao Pengfei, Li Min, Wen Xiaoyan, Lu Haifei
School of Science, Wuhan University of Technology, Wuhan, Hubei 430070, China

Abstract First, a composite structure composed of gold grating, medium, and gold film is designed on the end face
of optical fiber, and the variation of various resonance modes with the thickness of medium layer and their field
distribution characteristics are studied. Then, the waveguide resonant modes limited to the nanometer spacing
between the gold grating and the gold film are studied. The different order of nanometer resonance effects are
studied by the variation of the reflection spectrum and the electric field distribution characteristics of the resonant
mode. In addition, the simulation calculation of gold grating width, thickness, and cycle, intermediate medium
layer refractive index and thickness of gold film changes on the spectral characteristics and the effect of nano-
resonator based on waveguide mode interference phase difference formula of the qualitative analysis of the change of
resonance frequency, and calculate the obtained nano-cavity on the sensitivity of the refractive index and the length
of cavity medium. Finally, a micro-displacement platform is built to verify the Fabry-Perot interference formed
spectrum with the distance between the optical fiber end face and the gold film, and the realization scheme of the
optical fiber end face nano-resonance structure is proposed.
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Fig. 2 Reflection spectra of resonator under different incident light. (a) TE light incident; (b) TM light incidence
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Fig. 13 Performance curves of resonant wavelength and effective refractive index of nano-resonator under different

conditions. (a) After refractive index of medium in cavity is fixed, resonant wavelength of nano-resonator varies

with length of the cavity; (b) refractive index n of medium in cavity is 1.4, and effective refractive index of nano-

resonator with different cavity lengths; (c) after cavity length is fixed, resonant wavelength of nano-resonator

varies with refractive index; (d) cavity length =50 nm, effective refractive index of nano-resonator under different

refractive index
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Table 1 Response sensitivity of nano-resonator to cavity length variation with fixed refractive index of medium in cavity

Length sensitivity (1; —4;) /10

Refractive index

1.0 1.1 1.2 1.3 1.4
A 10 sm —A20 mm ) /10 14. 33 16. 20 18.93 22.11 26. 50
Q20 3 — A0 ) /10 6.25 6.74 7.23 7.78 7.72
g0 0m—A10 ) /10 4.02 4,79 4,13 4.43 4.77
g mn —Asom ) /10 2.56 2.73 3.43 3.16 2. 84

F2 [N A IR M X AL A ST S R A A i [ 2R R

Table 2 Response sensitivity of resonator with different cavity length to refractive index change of medium in cavity

Cavity length /nm

Parameter

20 30 40 50

Refractive index sensitivity /(nm *« RIU™")

884. 86

639. 77 581. 86 562. 37 565. 63
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Fig. 14 SEM images under different magnification of fiber end grating . (a) 2000 ; (b) 10000 X
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Fig. 15 Assembly system diagram and F-P resonant interference spectrum. (a) Five-dimensional displacement control

platform, CCDs in horizontal and vertical planes; (b) optical fiber clamp and gold mirror platform; (c) position

relative position of optical fiber and gold mirror observed by CCD; (d) F-P resonant interference spectra at

different distances
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Fig. 16 Assembly flowchart of optical fiber end nano-resonant structure
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