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The quantum cascade laser (QCL)[1] is a new semiconductor
tool for gas and liquid sensing. This laser emits in the mid
infrared region (3.4 to 17 µµm) also called the fingerprint
region because most of the chemicals present specific
absorption there. The availability of powerful laser source
capable of tuning[2] over 40 cm-1 and providing spectra as
narr ow as .5 cm-1 to as much as 50 cm-1 opens a large set of
new possibilities for optical measurement of chemicals.
Fabry-Pérot lasers showing large emission spectra are very
well suited to measurement in liquids where absorption bands
are broad. Moreover the power reserve provided by the use
of a QCL author izes the use of large interaction length even
in water where absorption is a limiting factor for systems
based on black body such as  FTIR. Using this laser for the
measurement of phosphates in water and Diet Coke showed a
50 fold improvement over conventional technique[3].
Single frequency lasers (DFB)[4] operating at room
temperature showing narr ow line width down to 0.5 cm-1 are
candidates for gas sensing either using direct spectroscopy[5]

or photo-acoustic technique[6].

Mid IR spectroscopy is a powerful tool that gives access to
detailed information on chemical reaction or chemical traces
present in compli cated mixtures. The instrument commonly used
are either lead salt lasers based systems, or FTIR based
equipment both unpractical for low cost application. A few
instrument take advantage of the existence of gas lasers in the
mid IR but are obviously limited to a small set of wavelength
where non tunable sources are available.
The QCL is a unipolar laser based on quantum confinement and
tunneling. Operation at room temperature in the wavelength
range of 3.4 to 11.5 µm has already been demonstrated. Using a
Fabry-Pérot cavity geometry, we have recently demonstrated
lasers with high power capabilities (100mW pulsed and 4 mW
average at 25C). These lasers have a quasi monomode spectrum
at low power but become multimode at high power. Moreover
they can be tuned electricall y over 40cm-1 using a dual contact
geometry (see fig. 1).

Figure 1 The tuning capabil ity of the QCL is obtained by biasing two
sections of one laser with different current. The top graph shows the
spectra obtained when injecting in the two sections the current pairs
represented in the lower graph[2].

Distributed feedback QCL[4] have been manufactured showing
line-width of less .5 cm-1 and pulsed power higher than 80mW at
25C.

Liquid detection
The principle of the measurement is that depending on the PH of
a buffer in which a phosphate sample solution is diluted, the
optical absorption of the sample is modified. The system thus
consists in diluting alternatively the solution under test in a
acetate or sodium hydroxide solution using a bypass.
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Figure 2, Spectra obtained with a DFB laser from 85K to 300k. The
spectra are taken operating the laser close to maximum power and no
degradation of the spectral line width are observed.

Figure 3 Chemical setup

The sample mixed with the buffer is injected in a flow cell with
an optical path length of either 104 or 134 µm. A sil ver halide
fiber is used to inject light either from the FTIR or from the QCL
into the flow cell and another fiber is used to collect the light to a
LN2 cooled MCT detector, see figure 4. The FTIR for
comparison with standard technique and to measure the optical
path length using a solution of known absorption.

Figure 4, The optical setup

The signal to noise ratio was calibrated using a 2g/L sucrose
solution a with a 104 µm optical path length was 1100 with the
QCL and 22 with the FTIR, when increasing the length to 134
µm, the QCL S/N went down to 50.
The phosphate content of two real sample of Diet Coke was
determined being 470 +/-10 mg/l and 530 +/-10 mg/l
respectively, this measurement is in very good agreement with
the values found by ion chromatography (478+/-15mg/l and
511+/-15 mg/l).

The figure 5, Analysis of a 1g/L phosphate solution with FTIR, the lower
part of the figure presents the emission spectrum of the QCL on top of a
non-removed black body background. One can see that the emission
wavelength of the laser is not perfectly matched to the observed
absorption band. Using a shorter wavelength laser would further improve
the signal to noise ratio.

Gas detection
Similar use of mid IR absorption of chemical can be performed
either using direct spectroscopy[5] or photo-acoustic[6] technique.
In the second technique, the compression wave generated by the
heat transfer to the buffer gas from an optically excited chemical
is recorded with a microphone. The concentration of absorbing
chemical is determined from its amplitude.
Photo-acoustic signal using a QCL on a methanol sample has
been observed and further investigation is underway.

Conclusion
We showed that the QCL can bring to standard technique using
black body radiation an important improvement in detectivity.
Moreover it improves the versatility and optical design ease.
Once a new target absorption from a gas or a li quid is identified,
it is only a matter of setting up a laser with the right wavelength
to get a new sensor.
A further advantage for the system designer is a large reduction
in heat dissipation and volume due to the use of a semiconductor
laser.
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