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Abstract

This paper proposed and designed a refractive index sensor based on a fiber-optic open-cavity
Fabry-Perot interferometer (FPI). The sensor employs a fully open-cavity structure encapsulated in
a U-shaped glass channel, in which the interference cavity is constructed by the end face of a single-
mode fiber and a gold-plated glass cylinder. This design effectively improves liquid intake capacity
and structural stability of the sensor. The characteristic peaks in the FPI interference spectrum ex-
hibit a remarkable wavelength shift with the variation of the external refractive index, and high-
precision measurement of the solution’s refractive index is achieved by demodulating the charac-
teristic wavelengths. Experimental results indicate that within the refractive index range of 1.3329
to 1.3343, the sensor achieves a refractive index sensitivity of 1149.265 nm/RIU, with a linearity
coefficient of 0.998. Comparative experiments on structures with different cavity lengths demon-
strate that the sensor exhibits excellent repeatability and process consistency, with a sensitivity
deviation of less than 0.5%. Furthermore, stability test results show that under constant environ-
mental conditions, the wavelength drift over 120 minutes is less than 0.091 nm, corresponding to a
refractive index error of approximately 7.9 x 10-5 RIU. This sensor offers advantages such as a sim-
ple structure, low cost, strong corrosion resistance, and high stability, and holds promising applica-
tion prospects in fields such as biochemical detection and industrial process monitoring.
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Figure 1. Sensor structure schematic
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Figure 2. Finite element simulation model
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Figure 3. Surface charge density distribution in the cavity
under excitation at a wavelength of 1540 nm
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Figure 4. Simulated reflection spectra of the FP cavity at differ-
ent refractive indices
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Figure 6. Schematic of the sensor fabrication process
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Figure 7. Microscopic image of the fabricated sensor
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Figure 8. Reflectance spectrum of the sensor in an air environment
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Figure 9. Experiment setup diagram
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Figure 10. Refractive index sensing performance of Sensor A
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Figure 11. Refractive index stability test of Sensor A
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Figure 12. Refractive index sensing performance of Sensor B
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Figure 13. Refractive index sensing performance of Sensor C
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