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Band structures of In2Se3, SnTe and PbSe monolayers 

Supplementary Figure 1 shows the calculated band structures of In2Se3, SnTe and PbSe 

monolayers, respectively. The calculated band structures indicated that all of the three 2D 

monolayers are semiconductors with indirect band gaps of 0.78 eV, 1.87 eV and 1.83 eV, 

respectively. 

Supplementary Figure 1. The band structures of In2Se3, SnTe and PbSe monolayers, respectively. 

 

Atomic layer-resolved density of states (DOS) of In2Se3/SnTe heterostructures 

Supplementary Figure 2 plots the density of states (DOS) projected on each atomic layer of 

In2Se3/SnTe heterostructures as shown in Figures 1(d-g). It is seen that, for the P↑ state of the 

Sn-Se interface In2Se3/SnTe heterostructure, the Fermi level is deeply pushed into the valence 

band of SnTe and the conduction band of In2Se3 by the upward polarization of In2Se3 layer 

(Figure 2b). This would lead to the electron transfer from SnTe conduction band to In2Se3 

conduction band as also can be seen in the following differential charge density studies. While 

for the other three cases, the Fermi level basically stay in the band gaps (Figures 2a, c and d). 



 
 

 

Supplementary Figure 2.. The density of states (DOS) projected on each atomic layer of In2Se3/SnTe 

heterostructures as shown in Figures 1(d-g). 

 

Charge transfer at the In2Se3/SnTe interfaces 

Supplementary Figure 3 shows the differential charge density at the In2Se3/SnTe interfaces 

corresponding to Figures 1(d-g). The charge transfer at the Sn-Se interface for the P↑ state 

(Figure 3b) agrees with the analysis as illustrated by the atomic layer-resolved DOS in Figure 

2b. Very few electrons are transferred at the interfaces for the other three heterostructures 

(Figures 3a, c and d). Based on the Bader charge analysis, the electrons transferred from SnTe 

to In2Se3 for the four heterostructures are 0.067, 0.198, 0.024, 0.034 e per unit cell, respectively. 
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Supplementary Figure 3. The differential charge densities obtained by calculating the charge 

difference as defined by ρ(diff) = ρ(heterostructure) − ρ(SnTe) − ρ(In2Se3) for the four heterostructures 

corresponding the Figures 1(d-g). Here, ρ(heterostructure), ρ(SnTe) and ρ(In2Se3) are the charge 

densities for whole heterostructures, free standing SnTe and In2Se3 layers, respectively. The displayed 

isosurface value is 0.0006 e/Å3, where the electron gain and loss are represented in orange and blue, 

respectively. 

 

Band structures of In2Se3/PbSe heterostructures 

Supplementary Figure 4 shows the calculated band structures of Pb-Se and Se-Se interface 

In2Se3/PbSe heterostructures. The indirect band gap of Pb-Se interface heterostructure for the 

P↓ state is 0.42 eV (Figure 4a). On the contrary, the band gap vanishes for the P↑ state of the 

Pb-Se interface heterostructure (Figure 4b). The indirect band gaps of Se-Se interface 



 
 

heterostructures for P↓ and P↑ states are 0.73 (Figure 4c) and 0.57 eV (Figure 4d), respectively. 

The band structures of the In2Se3/PbSe heterostructures are basically similar to those of the 

In2Se3/SnTe heterostructures.  

 

Supplementary Figure 4. Layer-projected band structures of the In2Se3/PbSe heterostructures. (a) Pb-

Se interface with P↓ state, (b) Pb-Se interface with P↑ state, (c) Se-Se interface with P↓ state, (d) Se-Se 

interface with P↑ state. The projections on the In2Se3 and PbSe layers are plotted in blue and red, 

respectively. The Fermi level is set to 0 eV. 

 

The band structures of (In0.5Sn0.5)2Se3/(Sn0.5Sb0.5)Te electrodes 

Supplementary Figure 5 shows the band structures of the (In0.5Sn0.5)2Se3/(Sn0.5Sb0.5)Te 

electrodes as treated by virtual crystal approximate (VCA). It is seen that both electrodes of the 



 
 

P↓ and P↑ states show similar band structures with the Fermi level in the conduction bands, 

indicating good n-type conductivities. 

 

Supplementary Figure 5. The band structures of the (In0.5Sn0.5)2Se3/(Sn0.5Sb0.5)Te electrodes in the 

orthorhombic cells for the (a) P↓ and (b) P↑ states. 
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