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Optical cavity based techniques, Cavity Ring Down Spectroscopy (CRDS) [1] and Cavity 

Enhanced Absorption Spectroscopy (CEAS) [2] among them, have been successfully applied as a 
highly sensitive absorption technique for several years. The majority of cavity based methods have 
used sources of radiation in the ultraviolet and visible regions. For many years the infrared 
spectral range could not be employed either for CRDS or for the CEAS techniques, because of the 
lack of suitable radiation sources with the required power and tunability and small scale 
dimensions, but this situation has now changed. Recent advances in semiconductor laser 
technology, in particular the advent of quantum cascade lasers (QCL) [3] provides new 
possibilities for highly sensitive and selective trace gas detection using MIR absorption 
spectroscopy. Furthermore this is of special interest in the field of plasma diagnostics, especially 
for the detection of transient species in reactive plasmas which very often exhibit low 
concentrations. The lower limit of detection for any species in the mid-infrared is typically 
~ 1010 cm-3 achieved by employing conventional long path cells. The combination of QCLs with 
resonant optical cavities is a different approach in order to lower the detection limit. 
Thermoelectrically (TE) cooled pulsed and cw QCLs have therefore been applied for high finesse 
cavity absorption spectroscopy in the MIR. While pulsed QCLs working at room temperature 
have been commercially available for several years, room-temperature cw QCLs have only 
recently been introduced. Pulsed lasers seemed to be suitable for CRDS since the QCL needs to be 
interrupted periodically. 

Conventional cavity ring-down experiments with pulsed QCLs emitting at ~ 7.42 µm and 
~ 8.35 µm were performed in a 0.432 m long cavity at medium pressure (100 - 300 mbar). The 
reflectivity of the mirrors was found to be 99.84 % and 99.71 % respectively. The exponential 
decay and the integral over time of the signal from the cavity were analysed. In this way the 
experimental arrangement is like conventional CRDS and analysis of the data is straightforward. It 
appears however that the results achieved by this method do not show significant improvement 
compared to long path cells of up to 200 m. Fig. 1 shows an example of the integrated cavity 
output signal and absorption coefficient k for 1667 ppm N2O in N2 at 100 mbar total pressure in 
comparison with the calculated absorption coefficient. The apparent mismatch is common to all 
experiments performed and is caused by the frequency chirp while the pulsed QCL is switched on. 
The chirped laser pulse hampers an effective cavity build-up on a single cavity mode and excites 
too many cavity modes. The frequency range covered by the number of excited cavity modes is 
thus bigger than the absorption feature of interest, even for medium pressure. The consequences 
are the loss of sensitivity and selectivity, because the absorption features appear weaker and 
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broader than calculated (fig. 1) [4]. Furthermore, the advantage of CRDS, namely the calibration 
free measurement approach, is absent. Highly sensitive measurements are thus impossible for 
reduced absorption linewidths, e.g. at lower pressures, because the effect is then more pronounced. 

The conclusion from the pulsed experiments is that an infrared source with much smaller 
spectral coverage (or effective linewidth) is needed. Therefore a TE cooled cw QCL (~ 7.66 µm) 
was used in a complementary CEAS configuration and combined with a TE cooled detector. The 
cavity was the same as in pulsed CRDS. The effective absorption path length determined from 
calibration measurements was ~ 1080 m. The validity of the calibration (which is inherent to this 
approach) was checked with a 2.2 mbar sample of laboratory air in the cavity. Absorption features 
of N2O, CH4 and H2O were observed (figure 2). A comparison with literature abundances of these 
molecules in air (1.75 ppm for CH4, 320 ppb for N2O and 0.1 - 4 % for H2O) yields fair agreement 
(fig. 2) [5]. The corresponding detection limits for a 20 s averaging interval were 6.4 × 108 cm-3 
for N2O and 1.6 × 109 cm-3 for CH4 and hence at least one order of magnitude better than with 
state-of-the art techniques. 

 

0

200

400

1197.2 1197.4 1197.6 1197.8
0

40

80
 

k 
[1

0-6
 c

m
-1
]

Wavenumber [cm-1]

1197.2 1197.4 1197.6 1197.8

 

 

In
t. 

[a
.u

.] I0

1306.0 1306.2

0.8

1.0

 

 

Tr
an

sm
is

si
on

Wavenumber [cm-1]

Experiment
N2O - 400 ppb   CH4 - 1700 ppb   H2O - 1 %

1306.0 1306.2

0.8

1.0

 CH4    N2O    H2O

 

 
  
Fig. 1 Spectrum (upper) and absorption coefficient 
k (lower) for 1667 ppm of N2O in N2 (100 mbar 
total pressure). Lower panel: solid circles are 
experimental values, solid line is the calculated 
spectrum. Note the 5 times scale magnification for 
the calculation (right hand scale). 

Fig. 2 Calculated spectrum (upper) for air 
containing CH4, N2O and H2O. Experimental 
conditions: 2.2 mbar, Leff = 1080 m, 0.005 cm-1 
instrumental broadening. The corresponding CEAS 
spectrum (lower) was observed with a TE cooled 
detector (open circles) and fitted (solid line) 

 
The use of cw QCLs for CEAS is not only applicable to trace gas measurements where the 

pressure in the device is normally reduced to increase the selectivity, but also to low pressure 
plasmas as a diagnostic tool in order to monitor transient and stable species of low concentration. 
First measurements will be presented. 
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