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Fig. 1. Principle of photothermal (PT) spectroscopy.
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Fig. 2. Basics of PT phase modulation.
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Fig. 4. Experimental set-up for gas detection with HC-PBF, and the inset is the SEM image of the HC-1550-02 fiber. DFB,
distributed feedback laser (the pump); ECDL, external-cavity diode laser (the probe); Filter 1 is used to filter out the residual
pump and Filter 2 to minimize the effect of EDFA’s ASE noise. Output from PD1 passes a low-pass-filter (LPF) and is used for
interferometer stabilization. Output from PD2 contains the PT-induced phase modulation signal. DAQ, data acquisition; EDFA,
erbium-doped fibre amplifier; FC1-FC3, fibre couplers; OC, optical circulator; PD1-PD2, photo-detectors; PZT, piezoelectric

transducer [19],
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Fig. 6. Experimental results of PT interferometry gas sensor with HC-PBF: (a) Second harmonic lock-in

output (signal) when pump laser is tuned across the P(9) line of acetylene at 1530.371 nm; (b) second

harmonic lock-in output (noise) when the pump wavelength is fixed to 1530.53 nm (191,
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Fig. 8. Experimental setup for PT gas detection based on FPI. TF1 is used to minimize the EDFA’s amplified

spontaneous emission noise and TF2 to remove the pump light. EDFA, erbium-doped fiber amplifier; TF,
tunable filter; OC, optical circulator; PD, photo-detector; DAQ, data acquisition; ECDL, tunable laser

source (35] .
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Fig. 10. Experimental set-up for HC-PBF PT gas detection with a 3 X 3 Sagnac interferometer. Tunable
filter 3 minimizes the noise in the EDFA output. Two fixed wavelength broader-band filters (filter 1 and

filter 2) are used to filter out the residual pump power. The broadband source (BS) is used as the probe

source. DFB is used as the pump source.
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Fig. 11. Measured second harmonic signal over 6 h.
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Fig. 12. Experimental results: (a) Output from bal-
anced detector (BD) for different pulse durations of
the pump; (b) the peak phase change as function
of pump pulse duration for a constant peak pump

power [40],
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Fig. 13. (a) Time evolution of temperature distribution AT (r,t); (b) 2D plot of AT(r,t) at the time of 1.5 us

after the pump pulse is turned on, with arrows indicating the direction of heat flow. The unit of temperature

in the plot is Kelvin; (¢) computed PT phase modulation in a HC-PBF for different pulse durations; (d)

maximum phase change as function of pulse duration of the pump.
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Fig. 14. Schematic of a HC-PBF with multiple micro-channels.
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Abstract

We report our recent work on the development of a highly sensitive gas detection technique-photothermal inter-

ferometry spectroscopy with hollow-core optical fibers. The basic principle of operation, generation and detection of

dynamic photothermal phase modulation, and method to improve the response time of the hollow-core fiber sensors are

described. The technique has ultra-high sensitivity and dynamic range, and the measurement is not affected by reflec-

tion/scattering and other non-absorbing losses. Sensors based on such a technique could be made compact in size with

remote detection, multiplexing and networking capability, which would enable a range of high performance applications

in environmental, medical and safety monitoring.

Keywords: photothermal spectroscopy, hollow-core photonics bandgap fiber, gas sensor, optical fiber

interferometry, optical fiber sensor
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