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Fig. 1. The system schematic diagram of FTS-CRDS and CW-CRDS. LC, laser current and temperature controller; FI, fiber isolator;

AOM, acousto-optic modulator; APD, avalanche photodiode; DDG, digital delay generator; PZT, piezoelectric transducer; WM,

wavelength meter; DAQ, data acquisition system; WM, wavelength meter.
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Fig. 2. (a) Instantaneous laser current (blue) and instantaneous ring-down time (black), 7(¢); (b) wavelength (red) and etalon sig-
nal (black). Note that the (a) and (b) figure shows an example with only 4 of 100 the circles.
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Fig. 4. (a) Ring-down time measured by CW-CRDS, nq is the number of measurements per current, white points represent out-of-

range data; (b) ring-down time measured by FTS-CRDS, 7, is the number of cycles; the z axis represents laser current with the

range of 74—86 mA.
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Fig. 5. The absorption spectra (black dotted line) of CO measured by the two methods and the best fit of Voigt profile (red) and
Galatry profile (blue): (a) CW-CRDS; (b) FTS-CRDS; the z and y-axes scales of the residuals obtained by the two methods are the

same.
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(hollow square), v, (hollow triangle).

F1
Table 1.

FTS-CRDS Fl CW-CRDS & f) SO A i
Measured spectral parameters and uncertainties by CW-CRDS and FTS-CRDS.

Ve (Tp)/107% cm t-atm !

B (Ty)/102% cm-atm ™! Y5 (Tp)/102? cm -atm ™

v/cm ! E'/em™! Transition ¢
CW FTS HT CW FTS CW FTS
VP 6.26" 6.29" — — — —
GP 6.43" 6.51" 2.844 2.92¢ — —
6371.299  57.670 R(5) 6.29*
RP 6.47° 6.54" 2.574 2.60¢
SDVP 6.50" 6.59" — — 0.874 0.85¢
VP 6.10" 6.11° — — — —
GP 6.20" 6.25" 2.651 2.77¢ — —
6374.406  80.735 R(6) 6.12*
RP 6.25P 6.29" 2.384 2.39¢
SDVP 6.26° 6.33P — 0.694 0.79¢

e, MEEETEREG B, DickeWSUREL; vy, HEEMHS AR R 98 R4, FTSHICW 4 B EFTS-CRDSHMCW-CRDS, HT# /R
HITRAN; RIS (T = 288 K) FHITRANCIRYEE, 2558 RS "ATERE 0%—1%; AifiERE 5%—15%; IANHiEBE

15%—30%.

IS5t B X6 S B G TS M A R K. T
FTS-CRDS J5 i MA5 f) 6 i 5 e L3 5 1T 4 f5 LA
[, TR SRAT ., BTy REL, K 6(a) FIIA
6(b) ALk 43k 2] 0.9999 F10.99, 5 CW-
CRDS # e, FTS-CRDS J7 2145 iy it 2 B A
A BN I AN

1 PR NASR CO 43T 6371.299 cm !
1 6374.406 cm ' JELR IEIESEL, MR TR A
DU b 2 BRUAEL A 110 ol 42 2 9 R 8K . (T) M 2ZE AN
1 1%, X 3% B W 35 I o 45 SR W) A . &1 T
B T 2 B0 AN A B 2 R AR TR
(<0.1 K), 77 (<10 Pa), ¥ EE (<50 ppm) LA K
ikl AR 2s, Hp R VP LA 15 2R R 58 R
B A AN B BE 2R 0.4%, GP/RP/SDVP il
A B AH X N E BE R 0.1%, PR 45 3] CW-

CRDS Fr A5 1 v, (To) &9 AS B 5 B Rl 29
0—1%, FTS-CRDS £ 5 0—0.9%. 5 ~,(T,) #
e, B (To)F vy (To) X 3 1) 475 M L A3 B8 vy
F LR, CW-CRDS J7 % t F 45 196 1% 15 e e
AR, R BEVE 2958 15%—30%. 51t
A, FTS-CRDS H T2k H T A F 4 A KA L
M, W/ TGN SRS A AR TG
TEfEME L, AR B (T,) Ml v, (T,) ANHfE TG
Bl 298 5%—15%, 5 3C#k [28,29] 5k H & 4
CRDS AU 25 0.7%—14% FHFEIT.

5 4

2 p

ASCHE T —FPRE i . 2 BB 2L T B AR
e S PR I K A4 FTS-CRDS J5 86, HA% S 1E
T 308 e B E ] 3 5 3 B[] ) AR 3 RS i
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Wavelength-scanned cavity ring down spectroscopy
based on Fourier transform’
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Abstract

Continuous wave cavity ring down spectroscopy (CW-CRDS) method with using cavity length scanning is
ideal for accurately characterizing the low pressure spectra and measuring the small spectral parameters (such
as the Dicke narrowing coefficient and the speed dependent collision broadening coefficient). However, the laser
of any wavelength can be coupled to the cavity due to the cavity scan, so the spectral noise caused by the laser
wavelength fluctuations cannot be ignored. This noise is non-uniformly distributed in the spectrum (especially
on both wings on the spectral line) and is difficult to eliminate even with long-term averaging. Unlike the
complex laser frequency locking techniques or the optical frequency combs or the better lasers, in this paper, a
simple, easy to operate, fast wavelength-scanned CRDS method is proposed based on Fourier transform. The
laser wavelength is continuously tuned across the absorption line to measure the periodic ring-down time. A
reconstruction algorithm is developed to precisely recover the absorbance by extracting the characteristic
frequencies of the periodic ring-down time after the Fourier transform. An etalon, instead of the wavelength
meter, is used to calibrate the relative laser wavelength. This method effectively eliminates the non-uniform
spectral noise caused by laser wavelength fluctuation in traditional CW-CRDS and significantly improves the
measurement accuracy of spectral line parameters (especially line parameters in complex line shapes, such as
speed dependent Voigt line shape) at low pressure. In addition, the measuring system, in which no wavelength
meter is used, is simpler, more economical than CW-CRDS. The smaller residuals of the Galatry profile fit to
the measured CO transitions at R(5) 6371.299 cm ! and R(6) 6374.406 cm ' show that the noise on both wings
of the spectra, caused by laser wavelength fluctuation, is effectively reduced and the spectral SNR is then
improved. The measured N, perturbed collision broadening coefficient of the Voigt profile fit for CO is
consistent with that from the classical CW-CRDS method and is in good agreement with the HITRAN2016
database. The measured N, perturbed Dicke narrowing coefficient of the Rautian and Galatry profile and speed
dependent collision broadening coefficient of the speed dependent Voigt profile have very good linear

relationship with pressure, and have smaller uncertainties than the results from the CW-CRDS method.

Keywords: cavity ring down spectroscopy, Fourier transform, wavelength scanned, collision broadening

coefficient
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