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Influences of Electric Field and Strain on Electronic Structures of Arsenene/WS,
van der Waals Heterostructure

LI Wei', DAI Xiangi®, ZHANG Fang®
(1. School of Mathematics & Physics, Henan University of Urban Construction, Pingdingshan 467036, Henan, China;
2. College of Physics and Materials Science, Henan Normal University, Xinxiang 453007, Henan, China;
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Abstract: The stability and electronic structures of the arsenene/WS, van der Waals heterostructure at different electrical field
intensities and strains were investigated via the first-principles calculation based on the density functional theory. The calculation
results show that the arsenene/WS, heterostructure possesses a type-II band alignment and an indirect band gap. Moreover, the
external electrical field modulates the band gap and brings the band alignment transition from type-II to type-I in the heterostructure.

In addition, the band gap can be effectively tuned by the strain, while the type-II band alignment is robust under the strain.

Keywords: band alignment; external electric field; strain; band gap; arsenene/tungsten disulfide van der Waals heterostructure
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(a) Bottom-type in top view
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Red, purple, orange and blue balls represent up As, bottom As, S and W atoms, respectively.
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Fig. 2 Top view and side view of the arsenene/WS, heterostructure
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Stacking configuration D/nm Ep/meV
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Projection to arsenene layer is denoted by blue lines and to WS, by red lines.

The Fermi level is set to zero.
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Fig. 3 Projected band structure
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Fig. 4 Band alignments of arsenene, monolayer WS; and the
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Fig. 5 Projected band structures of the arsenene/WS,
heterostructure under different external electric
fields
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WS,-c, As-c and WS;,-c, As-v are the conduction band minimum and
valence band maximum of WS, and arsenene in the arsenene/WS,

heterostructure respectively; Eey is external electric field.
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heterostructure with the external electric field
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(c) Positive negative external electric field
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Fig. 8 Plane-averaged differential charge density
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(b) Conduction band minimum and valence band maximum

WSs-c, As-c and WS,-v, As-v are the conduction band minimum and
valence band maximum of WS, and arsenene in the arsenene/WS;

heterostructure, respectively.
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Fig. 9 Evolution of the band gap and the conduction band
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arsenene/WS, heterostructure with the strain
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