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Editorial
Laser absorption spectroscopy based trace gas sensing technology is
widely used in many fields [1,2]. It follows the Beer-Lambert law which
is shown as following:

compact sensor for sensitive detection of various trace gases during the
past decade.

�(�) = �0 − �0exp −� � �

where I(v) is laser intensity passed through the targeted gas, I0 is
laser intensity without absorption, a(n) is absorption coefficient, L is
path length, n is frequency. The process of laser absorption is depicted
in Figure 1.

Figure 1: Laser absorption based on Beer-Lambert law.
Photo acoustic spectroscopy (PAS) is a widely used method for trace
gas sensing. It is based on photo acoustic effect which was discovered
by Bell in 1880’s. When the laser power is absorbed by the medium, the
absorbed energy can be transformed into heat energy by non-radiative
processes. If the laser is modulated, the heat and the pressure wave
generated by the heat will also be modulated. This process will produce
acoustic wave. Microphone based PAS detection is employed for many
years for gas sensing.
In 2002, a modification of traditional microphone based PAS was
invented by Frank K. Tittel et al. [3]. Instead of broadband
microphone, it uses a low cost, commercially available mm sized
piezoelectric quartz tuning fork (QTF) as an acoustic wave transducer,
which is shown in Figure 2. This technology is called quartz-enhanced
photo acoustic spectroscopy (QEPAS).
QEPAS technique possesses the advantages of high sensitivity,
immune to environmental noise, small volume, and so on. The total
volume of a typical QEPAS acoustic detection module is ~4 cm3. Till
now, different QEPAS sensor architectures were developed such as an
off-beam QEPAS sensor [4], an intracavity QEPAS sensor [5], and
multi-QEPAS sensor [6]. Due to above mentioned advantages the
QEPAS technique has been successfully used by several groups as a
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Figure 2: Quartz tuning fork.

References
1. J. Li U,. Parchatka R, Königstedt H, Fischer (2012) Real-time measurements
2.
3.
4.
5.
6.

of atmospheric CO using a continuous-wave room temperature quantum
cascade laser based spectrometer. Opt. Express 20: 7590-7601.
C. Grinde A, Sanginario PA, Ohlckers GU, Jensen MM, Mielnik (2010) Two
clover-shaped piezoresistive silicon microphones for photo acoustic gas
sensors. J. Micromech Microeng 20:045010.
AA. Kosterev YA. Bakhirkin RF, Curl, FK, Tittel (2002) Quartz-enhanced
photoacoustic spectroscopy. Opt. Lett. 27: 1902-1904.
K. Liu XY,. Guo HM, Yi WD, Chen WJ, Zhang, et al. (2009) Off-beam
quartz-enhanced photoacoustic spectroscopy. Opt. Lett 34: 1594-1596.
S Borri P, Patimisco I, Galli D, Mazzotti G, Giusfredi, et al. (2014)
Intracavity quartz-enhanced photoacoustic sensor. Appl. Phys. Lett. 104:
091114.
YF Ma, X Yu, G. Yu, X D. Li, JB Zhang, et al. (2015) Multi-quartz-enhanced
photoacoustic spectroscopy. Appl. Phys. Letters. 107: 021106.

Volume 4 • Issue 2 • 1000e106

