Structural and thermoelectric properties of undoped IV-VI epitaxial films alloyed with tin
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IV-VI-compounds are well known materials with favourable thermoelectric properties at elevated temperatures (~700 K). Using related mixed crystals the thermoelectric properties can be optimized due to alloy scattering which leads to a decrease of the thermal conductivity without changing the other thermoelectric properties significantly. This method is well known as Joffe concept. The Joffe concept is about 50 years old and successfully proved several times using bulk crystals. But only few data exist about semiconductor thin films. Here we report on structural (SEM-, EDX-, XRD-, FT-IR-analysis) and in particular thermoelectric properties (Seebeck coefficient and Hall-Effect measurements for carrier concentration, conductivity and mobility) of molecular beam epitaxy grown thin film based on the "Joffe-systems" (Pb,Sn)Se and (Pb,Sn)Te. Special care was taken to evaluate the in-plane thermal conductivity of insulated free standing (Pb,Sn)Se thin films.
With increasing tin concentrations increasing charge carrier concentration as well as increasing thermopower values were observed. The bandgap decreased with increasing tin concentration – shifting the optimum operating temperatures towards room temperature – and also the lattice thermal conductivity decreased as expected due to alloy scattering. All these effects strongly improve the thermoelectric properties of Sn-alloyed IV-VI epitaxial layers in the room temperature region.
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