§20% M5 e M TR Vol.29 No.5
2021 45 A Optics and Precision Engineering May 2021

XEHS 1004-924X(2021)05-0933-07
UL 2T 50 5t = I 157 & 1 A 1 5 IR WO S 1B K

A 5L 'S S R F 5
(L UAAY AXEAEREH EFAE X ETRADREALRE,
7 KR 030006;
2. A% R EF AL FFQ, L E A 030006)

1 ;B W I 1% % R (Cavity Enhanced Absorption Spectroscopy, CEAS) Fll #5676 i 85 22 18] i 22 U s 51, 388 Kok
55K B 1E B AR, AT 4 THER DN R B . CEAS 19 32 22 W 75 ke Y5 T 0% - T G 00R B IR R R B0 32 1) a2 AR
s A M 3 5 W RO T 2 R (OF-CEAS) 3 F 2% J 45 (Optical Feedback, OF )R, #4024 2] Jis 540 % I
P T OG- E R G ROR . N T R G I B R EOE RGBS OF-CEAS RARR I =8 V RIS IR I -
SR, S 36 B0 244 2 153 AR o7 42 Wil 43 25 I, Ol 2% i 05 2 B AR D6 TF AN 25 52 e 6 2 S 45t L 06 T DA E 31624 I i 906 I .
R, 32 1 1 3 T2k F-P R OF-CEAS I 138 S A A ) Bk 3+ 38015 21 B i A 45 il i i 2515 5, S B 1 306 0
N2 101 AN I B R 1 B o dw 5 % 32X 10° (19 F e AR HEAT R, 345 OF -CEAS WU 5, 74k 15 3 iy #5852
T35 0. 54X 10° (10) .

X OB RO BRI R IUKOE IR 5 A B X AR B 00 F R R F-P B

FESES:0433.1 XEKFRIZAD : A doi: 10. 37188/OPE. 2020. 0657

Near-infrared optical-feedback linear cavity-enhanced
absorption spectroscopy

XU Fei'?, ZHOU Xiao-bin"?, LIU Zheng-bo'*, ZHAO Gang"*', MA Wei-guang"*

(1. State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Laser Spectroscopy,
Shanxi University, Taiyuan 030006, China;
2. Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan 030006, China)

* Corresponding author, E-mail: gangzhao@sxu. edu. cny mwg@szu. edu. cn

Abstract: Cavity-enhanced absorption spectroscopy (CEAS) utilizes multiple reflections of light between
two cavity mirrors to increase the interactions between a laser beam and gas, thus improving detection sen-
sitivity. In CEAS, noise predominantly arises from a low laser-to-cavity coupling efficiency and fluctua-
tions of the cavity mode amplitude. To address such noise, researchers have developed optical-feedback

cavity-enhanced absorption spectroscopy technology (OF-CEAS) , which locks the laser frequency to the
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frequency of the cavity longitudinal mode. As a result, it narrows the laser linewidth and improves the la-
ser-to-cavity coupling efficiency. To avoid direct reflections from the optical cavity for optical feedback,
traditional OF-CEAS employs a three-mirror V-shaped resonator. However, based on experimental verifi-
cation, we have found that when the feedback phase is properly controlled, light directly reflected by the
optical cavity does not cause optical feedback, and the laser can be locked to the resonant cavity mode from
the optical cavity. Therefore, we propose OF-CEAS based on a linear F - P cavity. The symmetry of the
transmission cavity mode is used to generate the error signal for feedback phase control. Then, 101 con-
secutive cavity transmission modes with a stable amplitude and broad width were observed. Finally, we
detected methane standard gas with a concentration of 32 ppm and obtained the OF-CEAS absorption sig-
nal. Based on the signal to noise ratio, the detection sensitivity down to 0. 54 ppm (1s) was estimated.

Key words: laser spectroscopy; cavity-enhanced absorption spectroscopy; Distributed Feedback-Diocle

Laser(DFB-DL.) ; optical-feedback; linear F-P cavity
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Fig.1 Experimental setup of optical-feedback linear cavity-enhanced absorption spectroscopy
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Fig.2 Optical cavity transmission signal
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