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Fig. 1. System schematic diagram of WM-DAS (a) and
CRDS (b). ISO, fiber isolator; AOM, acousto-optic modu-
lator; APD, avalanche photodiode; PD, photodiode; DDG,
digital delay generator; DAQ), digital acquisition.
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Fig. 2. (a) Wavelength calibration of WM-DAS; (b) Fouri-

er coefficients of the measuring light intensity I;.
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Fig. 3. (a) CO absorptivity function of 101 x 10%and 53 X
106 measured by WM-DAS at 26 kPa and 290 K; (b) Al-
lan standard deviation of the peak absorptivity at 53 x 107°
and pure N,.
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Fig. 4. Relationship between the decay time (black) and the

laser current (blue) when the laser current is scanned in the

form of saw tooth wave.
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Fig. 5. (a) CO (4300.7 cm') absorption coefficient function
measured by WM-DAS, 10° cycles of collection, and the
total time is ~1 second; (b) absorption coefficient function
of CO (6383.09 cm !, the line strength is about 0.77% of
4300.7 cm!) measured by CRDS, with an average of 10%

times, with a total time of 4 hours.
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Fig. 6. Allan standard deviation of CO concentration meas-
ured by WM-DAS and CRDS.
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Abstract

Wavelength modulation-direct absorption spectroscopy (WM-DAS) has the advantages of both direct
absorption spectroscopy (DAS) measurable absorptivity function and wavelength modulation spectrum (WMS)
with high signal-to-noise ratio (SNR). In this paper, the WM-DAS spectrum is used to measure the absorptivity
of 4300.7 cm ™ line of CO molecule and the detection limit is as low as 4 x 107 (200 s) at 0.5 m optical path,
room temperature and low pressure. Then, through combining the WM-DAS spectrum with a 120 m long
optical path Herriott cell, at room temperature and atmospheric pressure, the standard deviation of the fitting
residual error of the absorptivity function is reduced down to ~5.1 x 107° (1 s). Finally, different concentrations
of CO are continuously monitored by long-path WM-DAS measurement system, and compared with the results
obtained from the cavity ring-down spectroscopy (CRDS). The experimental results show that the measurement
results from the long-path WM-DAS and CRDS method are the same. The detection limit of CO concentration
in long-path WM-DAS system is as low as 0.9 ppb (200 s), and the WM-DAS system is simple and the
measurement speed is much faster than CRDS. At the same time, the long-path WM-DAS system is used to
continuously monitor the atmospheric trace CO concentration and trend for one month, and the measured

results are highly consistent with those from the China Environmental Monitoring Station.

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

absorptivity function, monitoring of CO concentration
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