ELECTRONIC STRUCTURE OF Sn-DOPED Bi2Te2.85Se0.15 SINGLE CRYSTALS
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Previously [1], it was shown that Bi2Te3 doped with Sn exhibits a number of special features which can be explained in the context of the resonance-state model. Similar behavior of kinetic coefficients can also be observed in solid solutions based on Bi2Te3. The valence band density of states and the binding energies of the weakly bound core levels have been measured by X-ray photoelectron spectroscopy using Mg-K( –radiation for n-type Bi2Te2.85Se0.15 solid solutions doped with Sn to an amount of 0.2 at.% and 0.4 at.%, and SbI3. The study was carried out on single-crystal samples grown by the Czochralski floating-crucible method. Binding energies and FWHM of the Bi 4f, Te 3d, Sb 3d, Sn 3d core levels are given for the materials under study. Comparison of Te 3d and Bi 4f spectra in crystals differently doped with Sn does not reveal any changes in their shape and broadening with increasing amount of Sn atoms. It is noted that the increasing of Sn from 0.2 at.% to 0.4at.% results in a marked chemical shift of the Bi 4f core levels towards higher energies by about 0.3-0.5 eV, while the binding energy of the Te 3d core levels remains unchanged with rising Sn concentration in the solid solution. As the amount of Sn is increased, the Te 4d level also shifts to higher binding energy values by 0.6 eV. It should be mentioned that in the crystals with a high tin concentration the energy separation between the Te 4d5/2 and Te 4d3/2 levels corresponding to spin-orbital splitting decrease by 0.2 eV, and the intensity of Te 4d5/2 level is increased. Energy positions of maxima in the valence band have been determined, and a fine structure of spectra has been analyzed. As compared with the valence band XPS spectra of undoped and Sn-doped bismuth telluride [2], spectra of Bi2Te3-xSex have additional localized maximum in the vicinity of 2.1-2.6 eV. Such a peak was also observed for solid solutions of p-type Bi2Te3-xSex irrespective of their being doped with tin or not [3]. Redistribution of the total density of states in the valence band has been discovered with increasing amount of Sn doping in Bi2Te2.85Se0.15. The intensity of the valence band spectrum of Bi2Te2.85Se0.15 + 0.4 at.% Sn is equal to that of Bi2Te2.85Se0.15 + 0.2 ат.% Sn up to the energy values of (0.4 эВ below Fermi level. In contrast to Sn-doped solid solutions of p-type Bi2Te3-xSex and Bi2Te3, growth of the density of states with increasing concentration of Sn atoms is observed in the energy range of ( 0.4-3.0 eV, while a decreased density characterizes the valence band bottom. Such redistribution of the density of states is not indicative of formation of resonance states with increasing dopant concentration from 0.2 at.% to 0.4 at.%. It seems that as the amount of dopant rises to 0.4 at. %, the electrical and physical properties and temperature dependences of the single crystals under investigation should not be qualitatively different from the behavior of the kinetic coefficients in Bi2Te2.85Se0.15 + 0.2 at. % Sn, the difference being possible only in the quantitative characteristics. 
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