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Thin film processing for MAX phases and novel thermoelectric materials
P. Eklund

Energy Materials Group, Thin Film Physics Division, Dept. of Physics, Chemistry and
Biology (IFM), Linkdping University, SE-58183 Linkoping, Sweden

Linkdping University hosts a world-leading materials research laboratory in thin film physics.
After an overview of the Thin Film Physics Division and our capacities, | will give two
examples of our research activities in MAX phases and thermoelectrics.

I will briefly review recent developments in the MAX-phase field with focus on thin-film
physics and engineering. A brief overview of thin-film processing methods (sputtering, arc
deposition, CVD) will be given, with an emphasis on the characteristic attributes of each
method and especially how they relate specifically to processing of MAX phases. The thin
film research in the area of MAX phases will also be discussed in correlation to the rapidly
emerging field of two-dimensional MXene materials derived from bulk MAX phases.

The critical material-dependent parameter, limiting the efficiency and widespread use in
energy harvesting of thermoelectrics, is the figure of merit (ZT = S*T/px, where p is the
electrical resistivity, S is the Seebeck coefficient and « is the total thermal conductivity). Our
recent research has demonstrated a potential novel class of thermoelectric materials, in that
ScN thin films exhibit an anomalously high power factor (5% ) for transition metal nitrides of
2.5-3.3x10° W/mK? at 800 K. We have explained this result by nitrogen vacancies generating
an asymmetric sharp feature in the density of states which allows low electrical resistivity
with relatively large S. However, ScN has high thermal conductivity, thus its ZT is low (~0.2).
To reduce lattice thermal conductivity, potential strategies are nanostructuring, alloying or
nanoinclusion formation. To understand which alloying elements that could be of interest at
elevated temperatures where diffusion can be activated, we have investigated the trends in
mixing thermodynamics of ScN-based solid solutions, correlated with experimental studies.
The results are used to discuss suitable candidate materials for different strategies to reduce
the high thermal conductivity in ScCN-based systems.
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