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Optical Fiber Hydrogen Sensor Based on Pd-Coated Microcantilever

Zhang Lichao', Huang Jiabin®’, Xu Lei’, Wang Yiping®, Liao Changrui”
'School of Intelligent Manufacturing and Equipment, Shenzhen Institute of Information Technology,
Shenzhen 518172, Guangdong, China;

*Shenzhen Key Laboratory of Ultrafast Laser Micro/ Nano Manufacturing, Key Laboratory of Optoelectronic
Devices and Systems of Ministry of Education/Guangdong Province, College of Physics and Optoelectronic
Engineering, Shenzhen University, Shenzhen 518060, Guangdong, China;

*School of Electronic and Communication Engineering, Shenzhen Polytechnic University,

Shenzhen 518055, Guangdong, China

Abstract In order to quickly detect hydrogen leaks, there is an urgent need to develop a safer and lower concentration
detection lower limit hydrogen sensor. This article assembles a micro cantilever beam probe coated with palladium film with
a single-mode fiber end face, and designs an easy to prepare and low-cost fiber optic hydrogen sensor. The experimental
results show that the sensor has an ultra-high hydrogen response sensitivity of about —9. 887 um/% , while also having an
ultra-low detection lower limit as low as 1. 76 X107°% and excellent repeatability. Under the conditions of trace hydrogen
volume fraction, the sensor exhibits excellent linear response to hydrogen volume fraction, which is of great significance for
trace gas detection and has important application value in hydrogen energy batteries, nuclear power plants, and space
exploration.

Key words optical fiber sensor; hydrogen detection; microcantilever; palladium coating
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Fig. 1 Schematic diagrams of the optical fiber hydrogen sensor
based on a Pd-coated microcantilever. (a) 3D image;
(b) 2D image
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Fig. 2 Measurement of Pd film thickness using a white light interferometer after different sputtering time. (a) Sputtering for 3 min

(14 nm); (b) sputtering for 6 min (24 nm)
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Fig. 3 Scanning electron microscopy images of integrated microcantilever on the fiber end face viewed from different angles.

(a) 45° view; (b) top view; (¢) side view (cylinder is an SMF and the triangular structure is the microcantilever)
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Fig. 4 Experimental results. (a)-(f) Relationship between the reflection spectrum of the sensor and the volume fraction of hydrogen when
the Pd film thickness is 24 nm; (g) comparison of the sensitivities of microcantilever sensors with different Pd film thicknesses
(T,:24 nm Pd film thickness. T,:14 nm Pd film thickness. The lines through the points represent fittings with an exponential

function); (h) variation relationship of corresponding chamber length when hydrogen volume fraction changes from 0 to 0.2%
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Fig. 5 Experimental results. (a) Sensor repeatability testing under different hydrogen volume fractions; (b) sensor response time at

hydrogen volume fraction of 4. 0%
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Table 1 Comparison of detection lower limit performance of fiber optic sensors with different structures

Sensor structure Pd thickness Detection limit /% Response time at 4% H, Ref.

Fiber Bragg grating 300 pm 1.25%X10 * Few days [28]

Long-period fiber grating 40 nm 2.7X107° Inferior to 42 s (1% H,) [29]

Mach-Zehnder interferometer 10 pm 10" 180 s [30]

Bridge configuration 125 pm 10°° Few days [9]

Surface plasma resonance 2.5nm 0.5 3s [20]
Fiber-tip microcantilever 24 nm 1.76 X10° 178 s Proposed
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