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Abstract A fiber sensing system based on laser intracavity modulation with a low detection limit for refractive index
sensing is proposed. A kind of all-fiber multimode interference structure based on single-mode-no-core-single-mode
fiber is inserted in a fiber laser ring cavity as a loss-modulation device. The fiber laser intracavity modulation
technology is used to obtain high-sensitivity sensing signal with high signal-to-noise ratio and narrow full width at
half maximum. Depend on these characteristics, the low detection limit of the sensing system can reach up to 7.3 X
1077 RIU. The sensing system with output stability and low temperature cross-sensitivity has a great potential in
high-accuracy biochemical sensing and marine environmental monitoring.
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Fig. 1 Schematic of SNCS fiber structure
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Table 1 Parameters of optical fiber
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Fig. 2 Simulated sensing characteristic of SNCS fiber structure. (a) Refractive index characteristic;

(b) temperature characteristic
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Fig. 3 Experimental sensing characteristic of SNCS fiber structure. (a) Refractive index characteristic; (b) the relationship

between self-imaging wavelength and external refractive index; (c) temperature characteristic; (d) the relationship

between self-imaging wavelength and external temperature
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Fig. 4 Schematic of refractive index sensing system based on intracavity modulation
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Fig. 5 (a) Reflective spectrum of FBG and the refractive index response characteristic of the reflective sensing structure;

(b) refractive index characteristic of the sensing system based on intracavity modulation; (c) the relationship

between refractive index and SNR of the sensing system based on intracavity modulation

, and the inserts are the

output spectra of the sensing system at refractive indices of 1.3330 and 1.3624, respectively
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Fig. 6 Relationship between output power of the sensing system and the external refractive index or temperature.

(a) Linear fitting curve of refractive index; (b) linear fitting curve of temperature; (c) relationship between output

power of the sensing system and the working temperature of FBG; (d) output stability of the sensing system
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Table 2 Performance parameters of refractive index sensing [2]

system based on intracavity modulation

Parameter Valve
SNR /dB =>49
FWHM /pm <40 [3]
RI sensitivity /(mW « RIU ') 0.54
Output stability /pW 76.6
Cross-sensitivity of temperature /pW 106.81
Power resolution /pW 0.2887
Sensor resolution (36) /pW 394.31 [4]
Detection limit /RIU 7.3X10°7
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