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B3 ARGETFEEZ MBS DM () D = 1.2 um, m = 0, ngr = 1.265727; (b) D = 1.0 um, m = 0,
Negr = 1.218575; (c) D = 0.8 um, m = 0, negr = 1.152950; (d) D = 0.6 pm, m = 0, negr = 1.070514

Fig. 3. The optical field distribution for different fiber diameters: (a) D = 1.2 pm, m = 0, neg = 1.265727;
(b) D =1.0 ym, m = 0, neg = 1.218575; (¢) D = 0.8 pm, m = 0, negr = 1.152950; (d) D = 0.6 pm, m = 0,
Nege = 1.070514.
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Fig. 4. Power fraction of the evanescent wave as a

function of fiber diameter.
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Table 1. Experimental results for QTFs with different resonant frequencies.

fo/kHz 2 fpeak/mV 1o for noise/pV Signal-to-noise ratio MDL/10~4
32.768 0.070 2.38 29 6.89
30.720 0.077 2.42 32 6.25
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Fiber evanescent wave quartz-enhanced photoacoustic
spectroscopy”
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(National Key Laboratory of Science and Technology on Tunable Laser, Harbin Institute of Technology, Harbin 150001, China)
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Abstract

In a conventional system of quartz-enhanced photoacoustic spectroscopy (QEPAS), the size of block-like optical
collimation focusing lens group is difficult to reduce, and the structural stability is poor, which makes it hard to adapt
itself to some special conditions, such as narrow space and vibrating circumstance. Based on this situation, in this
research the fiber evanescent wave technique is combined with QEPAS. Therefore, trace gas detection for acetylene
(C2H2) based on an all-fiber structural QEPAS system is developed. To obtain the characteristics of fiber evanescent
wave, the optical distribution of micro structural fiber is simulated and the evanescent wave power ratio is calculated
based on the COMSOL Multiphysics software. In order to increase the QEPAS 2f signal amplitude, the optical path
between fiber taper and quartz tuning fork (QTF) and the laser wavelength modulation depth are optimized. In addition,
two kinds of QTFs with different resonant frequencies are optimized. Finally, a QTF with a lower resonant frequency of
30.720 kHz is adopted as the acoustic wave transducer, and a minimum detection limit (MDL) of 6.25 x 10™* (volume
fraction) is obtained with a laser wavelength modulation depth of 0.24 cm ™. To investigate the evanescent wave power
of micro structural fiber, the fiber taper diameter is measured by a scanning electron microscope. Subsequently, by
combining the diameter of fiber taper with the theoretical calculation results, we determine an evanescent wave power
of 455.9 uyW, and the normalization of noise equivalent absorption (NNEA) which indicates the sensor sensitivity is
4.18 x 1077 em ™ W-Hz /2,
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