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Abstract A flexible fluorescent fiber temperature sensor doped with upconversion fluorescent nanoparticles based on
fluorescence intensity ratio (FIR) technology is proposed to improve the stability and anti-interference of contact flexible
fiber temperature sensor. The composite flexible fiber doped with rare earth ions emits stable fluorescence when excited,
and the intensity of the central fluorescence peak corresponding to the thermal coupling energy level of upconversion
nanoparticles follows the changes of temperature. The proposed flexible fiber temperature sensor mainly uses the ratio of
the center fluorescence peak intensity corresponding to the thermal coupling energy level of the doped Er’" after FIR
treatment as the characterization value. Its temperature response is thermally enhanced which means the fluorescence
intensity is enhanced with the increase of temperature. The experimental results show that the proposed sensor exhibits

high stability and strong anti-interference, as well as good flexibility and deformation capability, high sensitivity and
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repeatability. The maximum absolute sensitivity and the maximum relative sensitivity are 0.0038 ‘C™" and 1.29 % /C,

respectively.
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Fig. 1 Schematic of the sensor. (a) Fabrication of the composite flexible fluorescent temperature sensing fiber; (b) the fiber sensor;

(c) light conduction effect of the flexible sensor under a large degree of bending
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Fig. 2 Energy level and conformation of UCNPs. (a) Schematic of UCNPs""; (b) transmission electron microscope of UCNPs
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different temperatures
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Fig. 5 Performance of flexible fiber sensor under temperature change. (a) Nonlinear fitting curve for temperature and FIR; (b) linear

fitting curve of temperature and FIR from 30 °C to 100 °C; (c) sensitivity curves of the sensor; (d) real-time matching of the sensor

between detected temperature and actual temperature
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Fig. 8 Bending interference resistance and pressure interference resistance of the sensor. (a) Response of sensor under different bending

radius; (b) response of the sensor under different pressures
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Fig. 9 Wind-blown and stretching interference test results of flexible optical fiber sensor. (a) FIR response of different blowing

frequency at constant room temperature, the inset shows the test method; (b) FIR value fluctuation of the sensor in the whole

process of 120% stretching at constant room temperature, the inset shows the state of the sensor during stretching process
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Fig. 10 Underwater temperature response test and anti-interference of the sensor. (a) Temperature sensing under different water

temperature gradients, the inset shows the test method under the water; (b) sensor response under constant temperature water

bath perturbation
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