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T-Type Photoacoustic Sensor Based on Multiple Reflection of Light Beams
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Abstract Photoacoustic spectroscopy plays an important role in the field of gas detection due to its advantages of high
sensitivity and good selectivity. To improve the photoacoustic detection performance without increasing the volume of
devices and the reflective mirrors, a T-type photoacoustic cell on the basis of the resonant photoacoustic technology is
developed, which is composed of an absorption cell with gold-plated inner walls and an acoustic resonance tube. The gold-
plated boards are used to replace the traditional optical windows at both sides of the absorption cell. At the same time, the
optical fiber collimator is fixed on the board to make the light beam reflect multiple times in the absorption cell, which can
increase the equivalent absorption path of the gas samples. The improvement in detection performance by the proposed
method is verified by mathematical modeling, theoretical derivation, finite element simulation, and experimental analysis.
The signal-to-noise ratio (SNR) of the proposed method is 14.6 times higher than that of the traditional light beam
excitation mode when the phase-locked integration time is 1 s, and the single detection time is 5 s. On this basis, a CO,
photoacoustic detection device is built. The experimental results reveal that the lowest limit of detection for CO, samples is
15X 10" °, and the normalized noise equivalent absorption coefficient is 11. 910 " cm "= W-Hz "%
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Fig. 1

Four kinds of light beam excitation models. (a) Single excitation-pass; (b) signal excitation-reflection; (c) multiple excitation-

pass; (d) multiple excitation-reflection
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Fig. 2 Section diagram of multiple excitation-pass model
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Fig. 3 Section diagram and equivalent optical path diagram of multiple excitation-reflection model. (a) Section diagram;(b) equivalent

optical path diagram
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excitation modes
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Fig. 5 Finite element simulation model of photoacoustic cell. (a) Geometric model; (b) light beam energy distribution
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Fig. 6 Sound pressure distribution and sound frequency characteristic curve of first-order longitudinal resonance mode of photoacoustic

cell. (a) Sound pressure distribution; (b) sound frequency characteristic curve
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Fig. 7 Three simulated excitation light beams. (a) Excitation light beam with power density of 0. 1 W/kg; (b) excitation light beam
with power density of 0. 2 W/kg; (c) two excitation light beams with power density of 0. 1 W/kg
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excitation light beam in Fig. 7(c); (d) sound frequency characteristic curves
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Fig. 11  Schematic diagram of photoacoustic detection device
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Table 2 SNRs under five light beam excitation modes

Light beam excitation mode Ve /2V o /pV SNR Improvement of SNR

Single excitation-pass 3. 8170 0.0851 45 1.0
Single excitation-reflection 7.3634 0.1041 71 1.6
Multiple excitation-pass 15. 5581 0.0909 171 3.8
Multiple excitation-reflection 29.8002 0.1081 276 6.1
Multiple reflection 78.0483 0.1188 657 14.6
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Table 3 LoD and NNEA under five beam excitation modes

Light beam excitation mode Vi /107° Ve /(107 em ™' W-Hz %)
Single excitation-pass 222 177.2
Single excitation-reflection 141 112.6
Multiple excitation-pass 58 46.3
Multiple excitation-reflection 36 28.7
Multiple reflection 15 11.9
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Fig. 15 Allan variance curve under long-time detection
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