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Intracavity Gas Sensing System Based on Thulium Fiber Laser

LI Yafan, LIU Kun, LIU Tiegen, JIANG Junfeng, SHAN lJifang

(Key Laboratory of Opto—electronics Information Technology, School of Precision Instrument and Opto—Electronics
Engineering, Tianjin University, Tianjin 300072, China)

Abstract: In order to expand the detection range, the 2 um band laser generated by thulium—doped fiber
laser is used to conduct intracavity gas sensing of water vapor in human breathing gas. Firstly, the direct
absorption gas sensing technology is analyzed theoretically. Secondly, the characteristics of thulium—-doped
fiber pumped by a 1 570 nm laser are studied, and the spontaneous emission spectrum is mainly distributed
in the band of 1.85~2.05 pum. Then, an all-fiber thulium-doped fiber ring laser is built, further using a
tunable filter, the wavelength output in the range of 1 927.5~1 985 nm is achieved and the laser linewidth
of 0.05 nm 1s obtained, which shows the advantages of single longitudinal mode, narrow linewidth and
stable output. Finally, combined with wavelength sweep technique, the spectral scanning of water vapor in
the range of 1928~1938 nm is realized and eight absorption lines are resolved, which are consistent with
the simulated spectrum based on the HITRAN spectrum database. The absolute error of wavelength
positioning is less than 0.03 nm. The results show that the intracavity gas sensing system is suitable for
2 pm band gas sensing detection.
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Fig. 1 Schematic diagram of thulium—doped fiber laser intracavity gas sensing system
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Fig. 3 Simulate and experimental ASE spectra of the TDF
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Fig. 8 Tunable range of thulium—-doped fiber laser intracavity gas sensing system at 1 000 mW pump power
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Fig. 9 Experimental, Lorentz fitting and simulate absorption spectrum of H,O in the wavelength range of 1 928~1 938 nm
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