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Topological crystalline insulator Pb1-xSnxSe surface quantum wells (QWs) on Pb1-yEuySe 

barriers are studied experimentally and theoretically as a function of QW thickness in both the 

topological and trivial phases at different temperatures and Sn contents x. The theoretical 

tight-binding results are compared with experimental angle resolved photoemission (ARPES) 

investigations of epitaxial heterostructures grown by molecular beam epitaxy [1]. It is shown 

that for thin QWs, the interactions between the surface and interface states of the QW layer 

opens an energy gap in the topological surface states and therefore the Dirac points in the 

topological phase appear only for QWs with thicknesses exceeding ~24nm. Upon in situ 

submonolayer Sn deposition on the surface a strong Rashba effect appears in the conduction 

band which is modeled using the tight-binding approach and recursive Green’s function 

method to derive the surface spectral density of states of the material. In our calculations we 

take into account the possibility that Sn covers only partially the surface of the QW. The 

strong Rashba effect observed in the conduction band was simulated by applying a potential 

described by Thomas-Fermi screening model, similarly as it was shown for PbSnTe films 

doped with Bi atoms [2]. Here we find, however, that even without screening potential, 

a Rashba splitting can be obtained in both valence and conduction bands due to the lack of 

inversion symmetry.  

 

 
 

 

Fig.1 a) ARPES map of 7nm thick Pb0.75Sn0.25Se 

QW on Pb0.9Eu0.1Se barrier after deposition of 

0.5 ML of Sn measured with a photon energy of 

18 eV around the Γ point of the surface Brillouin 

zone; b) tight-binding spectral density of states 

calculated for a surface potential V(z)=V0e
-z/λ

 

with V0=-1.2 eV and λ=1.5nm. 
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