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Fig. 1. System schematic diagram of the (a) WM-DAS and
(b) CRDS. IS0, fiber isolator; AOM, acousto-optic modu-
lator; APD, avalanche photodiode; PD, photodiode; DDG,
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Fig. 2. Ring down time with and without absorption meas-
ured at 6336.617 cm ! at room temperature and pressure.

The volume fraction of HyS is 10 %
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Fig. 3. (a) Wavelength calibration of WM-DAS; (b) Fouri-
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Fig. 4. Relationships between ring down signals at v, emer-
gent light signals, absorption coefficient and volume frac-
tion of H,S.

Bl 5 gith TRFEHATRSER (1.912 x 102 Fi L x
10°7) T, SEBRIN G I R E . W IBCR 5 AR 4L
PIRR. Ho RBUM R (1.912 x 10°%) AR
KO WM-DAS J51E, SREE 1000 MEZEE (491 ),
HFY IR R R BERAR (1 x 10°7) ISR
CRDS J5 %, A W 494 10 K (29 10 min),
SR RSB SR I R 5. CRDS YW 2 %0
WE 5(a) IR, PO (1v) AT IR E L
1.8 x 10 em™, SIS (1.7 x 10° ecm ™) fHZE
BUN, AT RMSE Z49°0 1.4 x 1010 cm L, {5M
290 14, B EA /T HERE ST, T 1.8 x 109 cm ' I
FRIEFE (120 m)WM-DAS FAYIEAGI R (5 x
109 cm 1)2426, WM-DAS A9 iR an &l 5(b)
BN, vy AW IR 2 0.393, RMSE Z5° 9 x 107,
(MR 20 4367, T v AEBHETESIN AL 1 ps,
HRSARRBGT 58, 5% S S8 (0.1 V)
T/NF 2 (4 V), SEB6 PO LUAR IS =5 1 M L 1Y)
T AfTa].

2.00

(a) CRDS

Nppgs: ~1X 1077 B8

o 1/(e7)

=
©
=)

1/(e7)

/(107 cm™1)
-
©
%

Lo %0

-~ 1.97 >

| 1 1 1 1 1
» B 5F RMSE: ~1.4x10~ 10 cm~!
e AN A A Ay

L -5

< L L L L L

i

< —-06 —-04 —-02 O 02 04 06

Wavelength/cm—1!
0.5

(b) WM-DAS
Ngryst ~1.912x 103

e Meas.

0.4r Fit

=]
S 03}
z
o
-
g 0.2t
=
0.1}
S - , , , , , ,
IS RMSE: ~9x10~% cm~!
—
< of AMN‘M’M'\/V“\’\/\"/\/\//\\J\-W
g
x —5kb

-06 —-04 —-0.2 0 0.2 0.4 0.6
Wavelength/cm—1

ES I T S N s D N R AR o i
H,S il A A 4558 (a) CRDS, B354 1 x 107,
(b) WM-DAS, &F5r40h 1.912 x 103

Fig. 5. H,S spectra of different volume fraction measured by
two methods at room temperature and pressure and their
fitting results: (a) CRDS (the volume fraction is 1 x 10 7);
(b) WM-DAS (the volume fraction is 1.912 x 103).
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Fig. 6. At room temperature and pressure, the absorption spectra of HyS with different volume fraction (2 x 10°-9.5 x 107°) meas-
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measured by CRDS is removed for comparison; (b) WM-DAS.

9.5x 105
0.020 | (a)
115
0.016 |
5.85x10~5 i
£ 0.012f 1.0
3
3.9x10~° WM-DAS
0.008 |
—— CRDS los
.0x10-5
0.004 2:0x10 P: 1 atm
T: 295 K
0 20 40 60 80 100 120

Time/min

B 7

Kmax/ (1076 cm~1)

2.5
®) 4|
w0
A 20r
o 1.16 |
]
’T“ 15+ 1.15
g
o
5 Lor ° Data
\) . .
g Line Fit
g
g 057 y=0.214+1.0042—z
R2=0.9999
0 0.5 1.0 1.5 2.0 2.5

Qmax - )
—— /102 WM-DAS

(a) 7R PRSI, SR RN 7 8 23 00 30 42 1) v A WO MAC 38 0 6 355 ) 65 () 1) R 58 4 X BB S

Fig. 7. (a) In the intersection area, the absorptivity and the ring down time at 1, measured by the two methods; (b) calibrate 7, us-

ing the intersection area.
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Wide-range and calibration-free H,S volume fraction
measurement based on combination of wavelength
modulation and direct absorption spectroscopy
with cavity ringdown spectroscopy”
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Abstract

Combining cavity ring down spectroscopy (CRDS) and wavelength modulated direct absorption
spectroscopy (WM-DAS), a wide range and calibration-free gas concentration detection method is established,
which has the advantages of high signal-to-noise ratio of CRDS and fast speed and measurable absolute
concentration of WM-DAS. The baseline ring down time (7)) can be calculated by measuring the absorptivity
(WM-DAS) and ring down time (CRDS) at the central frequency of the spectral line, without real-time
calibration, which greatly improves the speed of CRDS measurement. The measurement results of different H,S

1 at room temperature and atmospheric pressure show that the dynamic

concentrations at 6336.617 cm~
measurement range of this method can be extended to more than 4 orders of magnitude, the measurement

accuracy is improved in comparison with WM-DAS, and the detection limit can reach 1 x 10 in 40 s.

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

range, calibration free, H,S concentration
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