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Fig. 1. (a) Top and side view of As monolayer; (b) top and side view of HfS, monolayer; (c) band structure of As monolayer by
PBE calculation; (d) band structure of HfS, monolayer by PBE calculation; (e) band structure of As monolayer by HSE06 calcula-
tion; (f) band structure of HfS, monolayer by HSEO06 calculation; (g)—(1) six stacking for As/HfS, heterostructure, called as A;—Aj

and B;—Bj respectively.
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Fig. 2. (a) The electronic localization function (ELF) of As and HfS, monolayers and As/HfS, heterostructure; (b) Forcite quench-

ing molecular dynamics simulation for the B, stacking to examine the structural thermal stability.
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Fig. 3. (a) Projected band structure and projected state density of As/HfS, heterostructure; (b) Bloch state for CBM and VBM, the
isosurface is set to 0.035 e/A?; (c) band alignment for As/HfS, heterostructure; (d) charge density difference along the zaxis and
three-dimensional charge density difference, red and blue respectively represent charge accumulation and depletion, the isosurface is

set to 3.5x104 ¢/A% and (e) electrostatic potential distribution along the zaxis.
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Fig. 4. (a) Band gap and binding energy changes with strain; (b) the effective potential distribution along zaxis at ¢ = 0.6, 0.4,
0.2, 0, 0.2, 0.4 and 0.6 A, respectively; (c) the As/HfS, band structure at ¢ = —0.8, 0.3, 0.1, 0.1, 0.3 and 0.8 A , respectively, the

red dot at top conduction band indicates the VBM position.
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Fig. 5. Three dimensional charge density difference at (a) ¢ = 0.6 A, (b) e = 0.2 A, (c) e = 0.2 A, (d) ¢ = 0.6 A, respectively.
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Electronic and optical properties and quantum tuning effects
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Abstract

Stacking two or more monolayer materials to form van der Waals heterostructures is an effective strategy
to realize ideal electronic and optoelectronic devices. In this work, we use As and HfS, monolayers to construct
As/Hfs, heterostructures by six stacking manners, and from among them the most stable structure is selected to
study its electronic and optic-electronic properties and quantum regulation effects by hybrid functional HSE06
systematically. It is found that the As/Hfs, intrinsic heterostructure is a II-type band aligned semiconductor,
and its band gap can be significantly reduced (~ 0.84 eV) in comparison with two monolayers (band gap > 2.0 eV),
especially the valence band offset and conduction band offset can increase up to 1.48 eV and 1.31 eV,
respectively, which is very favorable for developing high-performance optoelectronic devices and solar cells. The
vertical strain can effectively adjust the band structure of heterostructure. The band gap increases by tensile
strain, accompanied with an indirect-direct band gap transition. However, by compressive strain, the band gap
decreases rapidly until the metal phase occurs. The applied external electric field can flexibly adjust the band
gap and band alignment mode of heterostructure, so that the heterostructure can realize the transformation
between I-, II-, and III-type band alignments. In addition, intrinsic As/Hfs, heterostructure has ability to
strongly absorb light in the visible light region, and can be further enhanced by external electric field and
vertical strain. These results suggest that the intrinsic As/Hfs, heterostructure promises to have potential

applications in the fields of electronic, optoelectronic devices and photovoltaic cells.

Keywords: van der Waals heterostructure, II-type band alignment, vertical strain, external electric field, light

adsorption coefficient
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