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Ratio and distribution of trace gases in the atmosphere have a decisive influence on the Earth‘s 
climate and thus play a central role in climate change. However, the observation of their spa-
tiotemporal dynamics is still a great challenge. This work deals with the development of a new 
sensor technology that may enable the large-scale, continuous monitoring of trace gases by 
means of wireless sensor networks. The detection of carbon dioxide (CO2) and methane (CH4) 
is at the center of this thesis. Since both gases strongly absorb in the mid-infrared (MIR) spectral 
range, absorption spectroscopy is well-suited for that purpose.
In this context, the development of a novel detector technology based on the photoacoustic 
effect is aimed at increasing the flexibility of conventional methods. The properties of this type 
of light detector were investigated with the help of laser spectroscopy. Furthermore, sensors 
made up of the detectors and MIR LEDs were produced and characterized. Measurements and 
simulations indicate that sensors using photoacoustic detectors achieve an equivalent sensitivity 
at an optical path length that is at least about one order of magnitude smaller as compared to 
systems employing conventional photonic detectors. None or reproducible influences of humi-
dity and temperature on the sensor signal are further important advantages of the technological 
approach. This way, an energy-intensive, active temperature control of the sensor and additional 
optical components are redundant. Fluctuations in the LED intensity are compensated with a 
novel reference channel scheme. Thus, a method for the specific, sensitive and long-term stable 
detection of infrared active trace gases has been found.

Louisa Scholz received her MPhys (Hons) degree in optoelectronics 
and lasers from Heriot-Watt University Edinburgh, U.K., in 2011, and her 
Diploma degree in physics from the Karlsruhe Institute of Technology, 
Germany, in 2013. She then joined the Chair of Gas Sensors, Department 
of Microsystems Engineering, University of Freiburg, as a research 
associate where she investigated optical sensor concepts for trace 
gas detection. Supported by a scholarship from the German Federal 
Environmental Foundation (Deutsche Bundesstiftung Umwelt, DBU), she 
completed a PhD thesis focusing on an approach for miniaturized sensor 
designs for application in environmental monitoring.
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