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Abstract A hydrogen sensor based on a cross spiral-micro-structured fiber Bragg grating (FBG) is developed. We
employ a femtosecond laser to fabricate the cross spiral microstructure on the fiber cladding and then coat the surface
of the FBG with a Pt-WO; film prepared by a hydrothermal method. The hydrogen sensitivity of the spiral micro-
structured probe is 1.55 times higher than that of a non-micro-structured FBG hydrogen sensor. We determine the
sensitivity of the sensor from numerical simulations and discuss the difference between the simulation values and the

experimental results. The sensor has the characteristics of high sensitivity, fast response, and good repeatability,
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and it has significant application prospect for monitoring hydrogen leakage.
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Table 1  Specification parameters of femtosecond laser

Pulse Average output Diameter of
Parameter ] Wavelength /nm Frequency /Hz
width /fs power /W output beam /mm
Value 180 780 1.1 1000 5
a
@ fs laser

v
|-
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Fig. 1 Schematic of cross spiral micro-structured FBG. (a) Processing diagram;

(b) SEM picture of spiral microstructure after processing
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Table 2 Parameters of spiral microstructure processing

Sample Power /mW Spiral pitch /pm
S-1 20 60
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Fig. 2 SEM picture and EDS pattern of Pt-WQO; . (a) SEM picture; (b) result of EDS
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Fig. 3 Response curves and fitting sensitivity curves of spiral microstructure and standard FBG probe. (a) Response curve

of S-1 at different hydrogen concentrations; (b) linear fitting curve of wavelength drift of S-1; (c¢) response curve of

FBG-1 at different hydrogen concentrations; (d) linear fitting curve of wavelength drift of FBG-1
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Table 3

Numerical simulation of relationship between temperature and hydrogen volume fraction

. Simulation results of
Temperature /°C

Experimental results of

Experimental result Hydrogen volume

wavelength shift /pm standard FBG /pm of S-1 /pm fraction /%

212 1870 1536 2530 1
200 1750 1339 2182 3.57
180 1550 1064 1754 2.89
160 1350 825 1383 2.30
140 1150 525 917 1.56
120 950 300 580 1.15
100 750 218 440 0.80
80 550 96 251 0.50
60 270 22 112 0.28
30 85 6 42 0.08
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Fig. 4 Comparison of wavelength shifts. (a) Wavelength shifts of microstructred FBG probe and standard FBG probe;

(b) experimental and simulation results of standard FBG probe
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