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1. INTRODUCTION 

Cerium oxide (CeO2) is receiving increasing attention as a result of its unique electronic properties, 

characteristic for rare-earth elements. Its ability to switch between the Ce
4+

 and Ce
3+

 oxidation states 

makes it a promising candidate for applications in catalysis, solid oxide fuel cells, oxygen storage, and 

gas sensing [1, 2]. The gas-sensing properties of cerium oxide-based sensing structures are highly 

influenced by a number of factors, including material morphology, deposition method, doping, 

post-process treatments such as annealing, as well as doping with other materials and inclusion 

of catalyst [3–5]. A drawback of CeOx-based gas sensors currently described in the literature is the 

high operating temperature, often higher than 300 °C. As such working conditions lead to an increased 

power consumption and accelerate sensor degradation, it is favorable to design sensing structures 

characterized by low operating temperature, which can be used in low-power devices. 

2. RESULTS 

Electron beam evaporation was used to deposit cerium oxide thin films, and a 1.5-nm layer of 

palladium was evaporated on top of the sensing structures as a catalyst. The surface and cross-

sectional morphology were investigated using a high-resolution FE-SEM. It was found that the CeOx 

layer was compact, grainy, and densely packed, without visible voids or cracks. The grazing incidence 

X-ray diffraction measurements revealed small intensity peaks relating to CeO2, proving that the 

coating was mostly amorphous with a small inclusion of crystalline phase. 

 

Fig. 1. Surface and cross-sectional SEM images (a, b) and GIXRD pattern (c) of the CeOx thin film. 

It was found that the Pd/CeOx sensing structures exhibit a sensing response of 1.8 to a small 

concentration of H2 at operating temperatures as low as 60 °C. In the case of a single CeOx thin film, 

there was no change in resistance upon exposure to hydrogen, proving that the inclusion of the catalyst 

layer is crucial to achieve satisfactory sensing characteristics. 
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Fig. 2. Changes in electrical resistance of the Pd/CeOx sensing structure (a) and single CeOx thin film (b) upon 

exposure to 25 ppm of H2 at an operating temperature in the range from 30 °C to 80 °C. The colored areas 

indicate exposure to hydrogen. 

3. CONCLUSIONS 

Cerium oxide-based sensing structures with palladium catalyst were prepared by electron beam 

evaporation. The gas sensing measurements were correlated with structural and spectroscopic 

measurements. The sensing structures exhibited a sensing response to 25 ppm of hydrogen at a low 

operating temperature of 60 °C, as well as excellent response/recovery kinetics. The results confirm 

that the Pd/CeOx structure is a promising candidate for the use in low-power hydrogen sensing 

devices. 
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