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This paper gives an overview and comparison about the solid state chemical 
sensor types that are under development in the Siemens Corporate Technology.   

Gas sensors applications on heated semiconducting metal oxides 

Our work focussed on the development of new sensing materials like Ga2O3, 
SrTiO3 thin films or WO3/TiO2 mixed oxides. The common of all these materials 
is that they are chemically very robust compared to the classical SnO2 sensing 
material and are operated at higher temperatures. This allows the usage of these 
semiconductor gas sensors in chemically harsh conditions like industrial 
environments or exhaust gases. An example is the use of the Ga2O3 sensors in the 
exhaust gas of heater appliances. Another application is the detection of an 
ethanol threshold in human breath. Here the advantage is the quick equilibrium 

after sensor-start due to the high operation temperatures. Outer surfaces of the metal oxide films are 
modified with a differently chemical reactive metal oxide, allowing changing the gas sensitivity. 
Modification with In2O3 here allows the implementation of stable O3 sensing elements. 

Gas Sensors based on the readout of the work function 
The drawback in all metal oxide based technologies is that they use current as readout signal and that the 
current path is usually a quite complex one. This makes sensors complicated to understand and often quite 
sensitive to side effects. The situation where an electrical potential that arises due to the gas adsorption at 
the sensitive material is directly used as gas sensitive effect, is easier to control. The size of these surface 
potentials or work function changes is in the order of 100mV. The appropriate readout device for such 
structures is an ISFET type structure, where the sensitive material is added as suspended gate. This allows 
nearly “any” material type to be used as sensitive layer. The choice of the materials allowed the 
development of a wide range of gas sensitive layers, including materials for gases like NO2, NH3, r.h.,H2, 
O3, CO, CO2 and solvents. This approach allows going for gas sensors that work at room temperature, 
thus avoids heating power consumption. Applications of such sensors included fire detection by fire 
related gases, measurement of the indoor air quality by the main components CO2-content, r.h. and 
volatile organic components as well as monitoring human breath to detect marker gases that indicate an 
Asthma attack. 

Eukaryotic cells as chemical sensors 
The constantly occurring cases of environmental pollution of surface water by pharma-ceuticals, personal 
care products, as well as chemical toxicants show the importance of a close surveillance of potential 
bioactive substances in water. A classical sensor array to do this is hard to devise due to the diversity of 
the substances. So far bioactivity of for example river water is monitored by algae, shells, water fleas and 
bacteria. These systems can be used to reveal potentially environmental pollution but they lack 
information regarding effects on human physiology. We followed an approach to employ eukaryotic cells 
as the sensitive layer for an online cytotoxicity sensor for evaluation the cytotoxic and bioactive potential 
of water samples. We use well characterized cell lines with the Bionas 2500 Analyzing System capable of 
parallel detection of the three physiological parameters cell respiration, cell adhesion/morphology change 
and metabolic activity. We focused on the choice of the cells line, regarding appropriate sensitivity to 
chemical or bioactive toxicants and stable cell viability on the chip surface - with the aim to optimize the 
sensitive sensor layer for a future application in online monitoring cytotoxicity and bioactivity in water 
samples.  


