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Fig. 1. System schematic diagram of WM-DAS and CW-

CRDS. LC, laser current and temperature controller; FI,

fiber isolator; AOM, acousto-optic modulator; APD, ava-
lanche photodiode; PD, photodiode; DDG, digital delay
generator; PZT, piezoelectric transducer; WM, wavelength

meter.
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Fig. 4. Measured spectral parameters for various pressures (WM-DAS (red), CW-CRDS (black)): (a) 7. (dot); (b) B (square), o
(triangle).
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Table 1.  Measured spectroscopic parameters and uncertainties.

Y0(Tp)/102 cm t-atm ™ Bo(Ty)/102 cmtatm™  45(Tp)/102 cm L-atm™
to/cm'  Transition E"/cm! [
CRDS WM HT CRDS WM CRDS WM
VP 6.26" 6.23" — — — —
GP 6.43" 6.48" 2.84¢ 2.90¢
6371.299 R5 57.670 6.29*
RP 6.47" 6.50" 2.57¢ 2.674 — —
SDVP 6.50° 6.55" — — 0.87¢ 0.774
VP 6.10" 6.08" — — — —
GP 6.20" 6.30" 2.65¢ 2.714 — —
6374.406 R6 80.735 6.122
RP 6.25P 6.30° 2.38¢ 2.464 — —
SDVP 6.26" 6.36" 0.69¢ 0.73¢
VP 5.97° 5.94b — — — —
GP 6.07° 6.12° 2.22¢ 2.484 — —
6377.407 R7 107.642 5.99*
RP 6.10° 6.17° 2.06° 2.364
SDVP 6.25" 6.24" — — 0.71¢ 0.714
VP 5.89P 5.88" — — — —
GP 6.04" 6.02° 2.20¢ 2.27¢
6380.301 R8 138.390 5.89*
RP 6.06" 6.09" 2.14¢ 2.144 — —
SDVP 6.11° 6.15° — — 0.70¢ 0.644
VP 5.80" 5.78P — — — —
GP 5.91" 6.03" 2.08¢ 2.114 — —
6383.090 R9 172.978 5.802
RP 5.94b 6.03P 1.89¢ 1.854 — —
SDVP 5.97" 6.09" 0.61¢ 0.63¢
VP 5.72b 5.68P — — — —
GP 5.91b 5.89P 2.27¢ 2.294 — —
6385.771 R10 211.404 5.73*
RP 5.92P 5.91P 1.98¢ 1.864
SDVP 5.98" 5.96" — — 0.62¢ 0.65¢
VP 5.62P 5.58P — — — —
GP 5.91P 5.80P 2.62°¢ 2.214
6388.347 R11 253.667 5.67%
RP 5.93" 5.82P 2.15¢ 2.00¢ — —
SDVP 5.95P 5.89P — — 0.77¢ 0.674

i WMARERWM-DAS, HTZ/RHITRANCI: FORAH A (T, = 288 K) FHITRANMEE, 25 AT 5T ARHEE 0—1%:; A6
SEE 5%—15%: R B EE 10%—20%.
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WM-DAS {5t 8 B B PRl it o 58 22 R0 4
T 1s (G5 RAEMEARALIR), W FE 52 A5
MREE SRS /N, T B F v, LIS
4E R 5 CW-CRDS tH—%K.

15 H T WM-DAS #1 CW-CRDS W fl 5
PRI RPLE T (VP, GP, RP, SDVP) #4752
F4 il 4 J7 55 2250 o ( Ty), Dicke WS EL By( Ty) FI
PSS Yl R T8 R R o (Tp). DA E FE &2
BRI T SARRE (< 0.2 K), JEH (< 30 Pa)., ¥
JE (< 50 ppm) PSSR pREHL G iR 22, & A
133 vo(To) S E B 298 0—1% (CW-
CRDS) fl 0—1.5% (WM-DAS). Hrf, Bifh )5k
K H VP A B 4o To) FUAIXTR 2 AT 1%,
KRS BE B 19 RP/GP/SDVP A1 vo( T,) B
FIXHR AR T 1%, EF L H Dicke WALR
T AP ARG 1) Al e B R AL N 5 R Y.
H T By(Ty) Fl o Tp) (EEE vo(Ty) 7y, X5 M
BRI, PRI CW-CRDS S By ( ) Flyo( T))
AT RE FE L LN 5% —15%, 5 3CHk [35] A9 &
55 0.7%—14% MHEHE. M2 R, WM-DAS i
b PEIURRAE A2 5T S RSO3 R AR, i e PR
K i 1 BCHI sSOR BN 80 2 B2, Bo(To) A yo( T)
AN BEYE AR 10%—20%.

KT 3R WM-DAS #1 CW-CRDS
Pl 7 s DU & F B, AEA R 264, 433 WM-
DAS #l CW-CRDS #4711 Allan J5 22 B7 4347, 5
e R E 5 . Hep CW-CRDS R A [ 52
O PR Ry 3, B IHE] 2 25 s B (1
TR I RS R 2R 0.01 s, 25 s M2 TF
72500 1K), T CW-CRDS # CO # B mT ]

Xco =101 ppm

—

FCW-CRDS
WM-DAS(120 m) T=289 K
P=100.4 kPa
>
g
& 80 ppbV
B |
ERNRUAN \W/
*g ’ 158 ppbV H
& i
2
o
SN
30 ppbV H
i 25 s
0.01¢ . . e
0.1 1 10 100

Time/s

Pl 5 PR ISR B9 Allan J5 22

Fig. 5. Allan variance measured by the two methods.

30 ppb (1ppb =1 pg/L), X5 3CHk [38] Kl PR AH
— &, XIAE T A S CW-CRDS il 4 45 5 %) 7] 53
PE. S e, BUMREZ) 100 s B, 35T WM-DAS
i) CO MR 7T £ 80 ppb, &= T CW-CRDS, X}
AR R A2 2 x 1070 em .

5 & %

AR SCRI bR | mE M ) WM-DAS J5ik
gh A KGR Herriott th, ZEARE W IS T, XF
CO 43 1567 nm BT 7 5% 3 21 A 55 W IAC % 26
(R5—R11) MR IR R EGHAT TIN5, il &5k
ZEZEMRZE 3 x 105, fifa, RHAFERLA R
BOSHIN 5 WO PREGH AT LG5 81 T ik 2ot
SR R LD N E R, IR S RE W
CW-CRDS Il f &5 R 17 b g, SEoe 45 SRR M
CW-CRDS J7 1 WA (4 Wz WA % R EUA e b 24 R K
SEAE WM-DAS J5 0 2.5 %, B Rh 7 45 11
LS HAA =, Hr VP ZLRIA
il 4 8 vE R B AIXT IR 22/ T 1 %. Hib[F R, J&
F WM-DAS J#: CO HyRMIBR %3] 80 ppb, X
NI Z R 2 x 1010 em !, BS & T CW-
CRDS J7ik, (HHM & BEsE b, If H 2 A &G
HONAAIG, WK B T RO A, B ] o 5
W2 VAT 52 1A - B AL T g N
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Abstract

Direct absorption spectrum (DAS) can be used to measure the molecular absorptivity function and
determine the spectral parameters of the gas by fitting the measured absorptivity function. Wavelength
modulation-direct absorption spectroscopy (WM-DAS) is based on DAS and combines with the idea of
harmonic analysis in wavelength modulation spectrum (WMS). The measurement accuracy of absorptivity
function can be effectively improved by using Fourier transform. In this paper, the absorptivity function of CO
R5-R11 near infrared weak absorption line at 1567 nm is accurately reproduced by using the WM-DAS method
combined with long optical path gas absorption cell at room temperature and low pressure. The standard
deviation of the fitting residual reaches 3 x 107, and then the spectral parameters such as collision broadening,
Dicke narrowing and speed-dependent collision broadening coefficients are measured in high precision.

These parameters are compared with the results from the high sensitivity continuous wave cavity ring
down spectroscopy (CW-CRDS). The experimental results show that the signal-to-noise ratio of the
absorptivity function measured by CW-CRDS is about 2.5 times that of the long-path WM-DAS, and the
measured spectral parameters are highly consistent. The relative errors of the collision broadening coefficients
obtained by using the Voigt profiles of the two methods are less than 1%. At the same time, the detection limit
of CO at 1567 nm based on the WM-DAS method is about 80 ppb, and the corresponding absorption coefficient
is 2 x 101° cm!, which is slightly higher than that from the CW-CRDS method. However, the WM-DAS
method has the advantages of fast measurement speed, simple system and low cost, and is expected to provide a

new method of measuring the weak absorption lines.

Keywords: wavelength modulation-direct absorption spectroscopy, cavity ring down spectroscopy,

absorptivity function, collision broadening coefficient, Dicke narrowing coefficient
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