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Trace gas monitoring is still gaining importance when it comes to applications like 
environmental monitoring or the in-line optimization of combustion processes. In the 
majority of cases, those sensor solutions which are currently available on the market 
hardly offer the ability of combining specifications like a high sensitivity and a good 
reproducibility on the one hand and a simple integration as well as the ability of 
continuously measuring at the other hand, which however is necessary in terms of a direct 
and effective feedback control. 
Against this background, our goal is to design a miniaturized sensing system for trace gas 
measurement using the photoacoustic effect. The project aims for an integrated solution 
of the excitation source and the sensor. We pursue two ways of miniaturization: 1) using a 
quartz tuning fork (QTF) in combination with a microresonator called off-beam QEPAS [1] 
and 2) a micromechanical system built up of a silicon cantilever with a thin lead zirconium 
titanate (PZT) film as piezoelectric sensing device [2] as well as a miniaturized measuring 
chamber. The chamber itself is made by structuring a trench in two glass wafers and 
anodic bonding face to face.  
In order to excite molecular vibrations within the analyte, we are using a 1,4W high-power 
laser diode emitting at a wavelength of 450nm. The light source is modulated at a 
frequency of 32752Hz, which causes the formation of a standing sound wave within the 
chamber. Some part of the acoustic energy is used to force the tuning fork and the 
cantilever to oscillate, respectively. This double-resonant system aims at realizing a very 
sensitive sensor application, without the need of making compromises in terms of the 
system stability, since the excitation as well as the detection parts are micromechanically 
integrated by means of multi-wafer processes.  
Using the QEPAS concept, we achieved a detection limit of 100 ppb for NO2 in air and we 
are aiming for the same sensitivity using the micromechanical system. The advantage of 
the latter one is in gaining better integration into a complete measurement system. 
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