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Fig. 1. Proportion of higher-order cavity mode excitement

in a misadjusted CRDS system.
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Abstract

In continuous-wave cavity ring-down spectroscopy (CW-CRDS), the measurement sensitivity is seriously
affected by the multimode excitations in the ring-down cavity. The using of an intracavity aperture is a
common way to restrain the excitation of high-order modes, thus leading the laser power to additionally lose
and the signal-to-noise ratio to degrade. In this paper, two numerical methods, named *trigger threshold
method” and “curve fitness method”, are proposed for selecting the mode in which the decays excited by the
high-order modes can be removed. The laser coupling efficiency between the incident laser and the oscillating
fundamental or high-order modes is studied in a misadjusted ring-down cavity. It is found that with a
misadjusted ring-down cavity, the laser energy is partially coupled into the high-order modes, and the coupling
energy increases with the extent of the cavity misadjustment increasing. In this case, the ring-down decaying
traces excited by these high-order modes are different from and much shorter than those excited by the
fundamental mode, which are respectively called “bad decays” and “good decays” in this paper. Both the
fundamental mode and the high-order modes can reach the threshold in the case of low triggering threshold
selection and result in the components of both good and bad decays in the output ring-down curves. When the
trigger threshold rises, the bad decays are effectively restrained by the deficient coupling into the high-order
modes. Thus raising the trigger threshold is an effective method to restrain bad decays for the mode selection.
Another approach is to consider the time spent on turning off the laser injection since the fitting goodness of
good decays is better than that of bad decays. In this paper this characteristic is also used to separate the good
decays from the bad ones. These two methods are demonstrated in the CW-CRDS experiments. The results
show that the sensitivity of the CW-CRDS instrument can be greatly improved by one order of magnitude in
the trigger threshold method with the minimum of Allan deviations gradually approaching to a constant, while
the acquisition rate of the ring-down decays slows down with the increase of the trigger threshold. The results
also explain the relationship between single sampling and averaged sampling, which presents an answer to the
question about the sequence choice between averaging and fitting. A numerical model is proposed to estimate
the probability of good decays versus the trigger threshold, which can be used to choose appropriate trigger
threshold for CW-CRDS experiment. The applicable conditions and the limitations of these two methods in
CW-CRDS for trace gas detection are also discussed in the paper.

Keywords: cavity ring-down spectroscopy, cavity misadjustment, multimode decay, measurement sensitivity
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