W2k HoW JesE R TR Vol.32 No.9
2024 4E 5 A Optics and Precision Engineering May 2024

XEHS 1004-924X(2024)09-1330-08

INBUAE R AT S B i IR U CO, FETE R

BT BT, BT, TWE, 2 OB, B’
(1. KAEETAY LB ITEFER,EH K& 130022;
2. ¥EMFR AR RBFRR R CEAEFFTIRA R i, 28 4 230031

E : — A ALk (Carbon Dioxide, CO,) & — il SCHE Y IR 2 A, % b BRS00FN A 25 38 G2 I8 15 A T8 ZE AR AT, o o A DIDJRE &
COL MR BE XS PF A I 3 B0 8 LT K, — BN, SR 43 76 P Z0 A0 6 1% 10 TR A7 72 5 WO, T LA S5 300 s 2 iR, PRt
PLd. 219 pm =2 A0 B 4 18] 6 306 & e IR 45 4 1T I 2 5 RO I IR 63 4 R (Tunable Diode Laser Absorp-
tion Spectroscopy, TDLAS) &1+ 1 /N AL CO, Mo AL #8 o 75 AN [FIAR AHe B2 F XS BEAT T 4R 2, IF38 5 43 # Allan 77
25 15 I BUAS IFRIAE 8. 7 s I X 0 4 R AR ARG I B A 16. 6> 1077, 336 A2 3 5 3008 BF 98 % CO, AR 4 w85 R A 2 7oKk o 2R T
ALER KT KA CO,#ELE MM 8 2K, I 5 B A A LGR AT XS H, 5840 B0 e T/ Ak CO, ME M g5 i T g 1, DL R 4n 4ok
U85 TDLAS $ AR A 45 A B MM BE R 77 7 76 KA COLMERR I & J7 i B9 nl AT 1 . % R G B S5 A 1 o PR BV (ke
TGN B e 5 1 R 0, Ry AR 1R 23 B T WL 5 19 COLME I RE Ty 4R 4L T 4 AR S0 HF

X OE R HOCEROMOL SR R s AL AR P A b TR AR R O B O AL

FES S TN249; TH744. 1 XEkFRIZAD : A doi: 10. 37188/OPE. 20243209. 1330

Mid-infrared laser absorption spectroscopy CO, spectrometer

LIU Jingyi'?, PAN Yue'", YAO Lu”", YU Liting', LI Hui', KAN Ruifeng’

(1. College of Optoelectronic Engineering, Changchun University of Science and Technology,
Changchun 130022, China;
2. Anhui Institute of Optics and Fine Mechanics, Heifei Institutes of Physical Science,
Chinese Academy of Sciences, Hefei 230031, China)

* Corresponding author, E-mail: panyue@cust. edu. cnylyao@aiofm. ac. cn

Abstract: Carbon Dioxide (CO,), as the most crucial greenhouse gas, significantly influences the regula-
tion of Earth’s climate and ecosystems. Accurately detecting trace CO, concentrations is vital for assessing
the greenhouse effect. Gas molecules exhibit strong absorption in the mid-infrared range, which is advanta-
geous for highly sensitive trace gas detection. This paper describes the design of a compact CO, monitoring
instrument using an interband cascade laser (ICL) at 4.219 pm as the light source, paired with Tunable Di-
ode Laser Absorption Spectroscopy (TDLAS). The instrument was calibrated with various standard gas
concentrations and, using Allan variance analysis, achieved a detection limit of 16.6X 10 * with an integra-
tion time of 8.7 s, meeting the requirements for sensitive CO, measurements in atmospheric monitoring.

Additionally, the instrument was employed to monitor atmospheric CO, over eight consecutive days and
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was benchmarked against the commercial LGR instrument, confirming the reliability of our miniaturized
CO, monitor and the effectiveness of combining mid-infrared light source with TDLLAS technology for pre-
cise atmospheric CO, measurement. The findings offer a technical reference for high-precision CO, concen-
tration detection, while the system's simple structure, compact size, low power consumption, and light-
weight design are ideal for developing CO, monitoring capabilities on airborne platforms.

Key words: laser absorption spectroscopy; carbon dioxide; mid-infrared tunable diode laser; direct ab-

sorption; miniaturization
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Tab.1 CO, absorption line parameters at 4. 219 pm

G . Frequency/  Line intensity Air-broadened halfwidth ~ Self-broadened halfwidth Lower state energy
as species i )

P cm S/(ememol™") Y./ (cme10° Pa™") Yo/ (cme10” Pa ') E"/cm

CO, 2 370. 224 3.187Xx107% 0.066 5 0.077 2145.290 5
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