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Influence of Mode Mismatch on Measurement of
Continuous-Wave Cavity Ring-Down Technology

TAN Zhong-qi, LONG Xing-wu
(College of Optoelectronic Science and Engineering »
National University of Defense Technology, Changsha, Hunan 410073, China)

Abstract The influence of mode mismatch on measurement in continuous-wave cavity ring-down technology was
theoretically analyzed and experimentally studied. According to g-conversion of Gauss beam and mode coupling
theory, the influence of light beam radius mismatch and phase front curvature mismatch on measurement was
numerically simulated and experimentally confirmed as to general stable cavity with large Fresnel number. The
results show that mode mismatch mainly affects the cavity ring-down signal output power rather than its ring-down
feature when the cavity's Fresnel number is large. Under the same case of mode coupling, a laser of higher power
and a detector of larger focal area can improve the measuring accuracy.
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Fig. 1 Basic mode coupling coefficient in different

mode mismatch
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Fig. 2 Change of g value at cavity waist (a), basic mode coupling coefficient (b), and ring-down signal (¢) with time

under the condition of mode mismatch
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Table 1 Ring-down signal and fitting result with different mode mismatch and detector’s light gathering area

Radius of light gathering area /mm 0.5 2.0
Incident light shape (w, /mmX R, /m) 0.8X5.0 0.6X10.0 0.8X5.0 0.6X10.0
K, 0. 8501 0.9893 0. 8501 0. 9893
SNR /dB 28. 42 28. 92 29. 90 30. 00
Cavity loss /X107 99, 780 99. 810 99, 844 99. 851
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Fig. 4 Ring-down signal (a) and fitting result (b) of different detecting area under the condition of mode mismatch
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Table 2 Ring-down signal and fitting result of different detecting area under the condition of mode mismatch

Radius of light gathering area /mm 0.5 2.0
Maximal signal value /mV 23.43 24,30 18.25 14,92 16.10 29.15 29.43 36.46 31.19 32,97
Cavity loss /X107°¢ 55.24 55,52 55.44 55.82 55,74 55.50 55.54 55.92 55.18 55,86
Variance of fitting /mV 0.046 0.045 0.047 0.048 0.047 0.050 0.041 0.039 0.039 0.043
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Table 3 Ring-down signal and fitting result with different mode mismatch

Incident light shape /mm

3.0

Maximal signal value /mV
Cavity loss /X107¢ 115.1 115.6
Variance of fitting /mV

242.8 220.4 243.7 306.3 208.6 132.5 166.6 156.6
115.2 113.3 112.9 118.9 119.3 115.3 120.3
0.120 0.118 0.128 0.124 0.154 0.107 0.121

117.4 113.7
119.4
0.123 0.092 0.096
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