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Fermi Surface of Pb1-xNaxTe Determined through Shubnikov-de Haas Measurements
Giraldo-Gallo, P. (Stanford U, Physics and GLAM; NHMFL); Walmsley, P. (Stanford U, GLAM); Riggs, S.C. (NHMFL) and Fisher, I.R. (Stanford U, Applied Physics and GLAM) 
Introduction

PbTe, a widely known thermoelectric material, is a narrow-gap semiconductor, which can be doped to degeneracy by different impurities. Some dopants, such as Na and Tl, have been shown to substantially enhance the thermoelectric figure of merit, zT [1,2]. Understanding the physical origin of these enhanced properties requires a detailed determination of the electronic structure and its evolution with changes in dopant and carrier concentrations. The valence band of PbTe has two maxima, located at the L and ∑-points of the Brillouin Zone. Part of the enhancement of zT for these compounds has been recently suggested to be associated with a decrease in the effective dimensionality of certain portions of the Fermi surface as the ∑-pockets connect [3]. Such hypotheses can be tested by a direct experimental determination of the Fermi surface topology and its evolution with carrier concentration. In this work we have performed such a detailed characterization, for Pb1-xNaxTe samples with carrier concentrations up to 9x1019cm-3.
Experimental


High-field magnetoresistance measurements of Pb1-xNaxTe single crystal samples with different x between 0 and 0.62%, were taken at the DC facility of the National High Magnetic Field Laboratory (NHMFL), for magnetic fields up to 35 T. Four-point resistance curves for different field orientations were taken as temperature and field orientation were held constant. Large Shubnikov-de Haas (SdH) oscillations in magnetoresistance were observed starting at a field of approximately 4T for most samples, as shown in Fig.1(a) for a sample with x=0.4%. 
Results and Discussion


The angle evolution of the frequencies of oscillation allowed us to fully determine the topology and volume of the Fermi surface of this compound. Data shows that up to a carrier concentration of 9.4x1019cm-3 (x=0.62%) the Fermi surface of this material is described by a single-band model, and is formed by 8-half ellipsoids at the L-point. Additionally, the L-pockets are well described by a perfect ellipsoidal model up to a carrier concentration of 6.3x1019cm-3. For a carrier concentration of 9.4x1019cm-3, subtle deviations from perfect ellipsoidicity can be resolved. From the temperature dependence of the amplitude of oscillations, we were able to determine that the effective cyclotron masses for all high-symmetry directions increase monotonically with carrier concentration, implying that the L-band is not well described by a parabolic model.

Conclusions

The Fermi surface of Pb1-xNaxTe is well described by a single band model up to carrier concentrations of 9.4x1019cm-3 (x=0.62%). This is formed by ellipsoidal pockets centered at the L-point and elongated along the [111] directions. Subtle deviations from perfect ellipsoidicity were resolved for the highest carrier concentration sample studied 9.4x1019cm-3. Our measurements provide a definitive determination of the morphology of the Fermi surface at low temperatures. However, other measurements are required in order to determine whether the ∑-pocket remains unoccupied at higher temperatures.
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Fig.1 (a) Magnetoresistance curves for a Pb1-xNaxTe sample with x=0.4%, for different field orientations along the [110] plane, and at T=1.5K. (b) The color scale represents the evolution of the frequencies of oscillation along the [110] plane, for the sample shown in (a). This plot is contrasted with the angle evolution expected for perfectly ellipsoidal pockets oriented along the [111] direction (lines). (c) L-pockets Luttinger volume as a function of Hall number, for Pb1-xNaxTe. The dashed line represents what is expected for a single band model.








