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Fig. 1. Intrinsic black phosphorene model: (a) Front view, top view, and side view of black phosphorene; (b) schematic diagram of

the structure of black phosphorene.
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Fig. 2. Band structure and DOS of black phosphorene.
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Fig. 3. Si adsorbed on black phosphorene model: (a) Main view; (b) diagrammatic sketch; (¢) numbering diagram of P atom.
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Fig. 4. Geometry optimization of Si adsorbed on black phosphorene model: (a) T site; (b) B site; (¢) H site.
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Table 1.  Relationship between P—P bond length and Si adsorption height.
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Fig. 5. Band structure of black phosphorene system: (a) Intrinsic black phosphorene; (b) T site adsorption; (c¢) B site adsorption;
(d) H site adsorption.
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Fig. 6. The DOS of Si adsorbed on black phosphorene system: (a) T site; (b) B site; (¢) H site.
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Fig. 7. (a) DOS diagram of single P atom; (b) schematic diagram of gain and loss of electrons of P atom. The red sphere represents
the P atom that gets electrons, and the blue sphere represents the P atom that loses electrons.
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®2  PETREKLENK
Table 2. Bond length and bond order between P atoms.

P47P107 P347P4 P107P167 P287P34 P167P227 P227P28 ZIK?EP*P PIG, 2878i P207Si
aK /A 2.162 2.497 2.210 2.210 2.331 2.312
i1 0.48 1.00 0.45 0.47 0.42 0.33

# 3 P JEF Mulliken Hf A7 B4k

Table 3. Mulliken charge population of P atom.

=1
JEF%5 Pio.ss Pisos Priss Ps 12,1325 3236 P17, 17, 24, 20, 31, 33

PZA, 15, 18, 19, 23, 27, 30 P3, 4,14, 26 P5, 22 P6 P20 P21 Si

Total/e 5.10 5.06 5.04 5.02 5.01
Charge/e —-0.10 —-0.06 —0.04 -0.02 -0.01

4.99 4.98 4.97 4.96 4.94 4.93 3.78
0.01 0.02 0.03 0.04 0.06 0.07 0.22
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Fig. 8. Differential charge density of the black phosphorene:
(a) Intrinsic black phosphorene; (b) Si adsorbed on black

phosphorene system.
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Fig. 10. Band structure of black phosphorene with 2% tensile deformation before and after considering Poisson’s ratio (a) Pure BP,
(b) Si absorbed on BP, (c¢) pure BP with co-action of electric field and deformation, (d) Si absorbed on BP with co-action of elec-

tric field and deformation.
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Fig. 11. (a)—(e) Band structure of black phosphorene with 2%—10% tensile deformation; (f)—(j) band structure of Si adsorbed on

black phosphorene with 2%—10% tensile deformation.
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Fig. 12. (a) Top view of the structure of 8% tensile deformation black phosphorene; (b) differential charge density of 8% tensile de-

formation phosphorene.
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Fig. 13. (a)—(e) The DOS of black phosphorene (BP) and Si adsorbed on black phosphorene (BP-Si) with 2%—10% tensile deforma-

tion; (f) band gap curves of black phosphorene.
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Fig. 14. Si adsorbed on black phosphorene system and pure black phosphorene under electric field: (a), (b) Band structure, the blue
dotted line represents the energy band structure of black phosphorus and black phosphorene adsorption system, and the black real-
ization represents the energy band structure of black phosphorus and its adsorption system under the action of electric field;

(¢) DOS.
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Fig. 15. (a)—(e) Band structure of black phosphorene with 2%—10% tensile deformation under electric field; (f)—(j) band structure

of Si adsorbed on black phosphorene system with 2%—10% tensile deformation under electric field.
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Table 5. Single atom binding energy of black phosphorene and adsorption energy of Si adsorbed on black phosphorene sys-
tem under the action of electric field and tensile.
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Fig. 16. (a)—(e) Band structure of Si adsorbed on black phosphorene system with 2%—10% tensile deformation under the action of

electric field; (f) band gap curves of black phosphorene.
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Density functional theory study on influence of tensile
deformation and electric field on electrical properties
of Si atom adsorbed on black phosphorene®
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Abstract

In this paper, a model of Si atom adsorbed on black phosphorene with a coverage of 2.778% is constructed
and the electronic properties of the model are calculated based on density functional theory. Moreover, the
electronic properties are regulated by stress and electric field. Under the coverage of the current research, the
results show that the adsorption of Si atoms results in the destruction of the black phosphorene’s geometric
symmetry, which intensifies the charge transfer in the system and completes the orbital re-hybrid. The band
gap of black phosphorene thus disappears and the transition from semiconductor to quasi metal is completed.
The stable adsorption is at the H site in the middle of the P atomic ring. Both tensile field and electric field
reduce the stability of the system. Owing to the tensile deformation, the band gap is opened by the structure of
Si atom adsorbed on black phosphorene. And since the band gap is proportional to the deformation variable, it
can be regulated and controlled. Under the combined action of electric field and tensile, the introduction of the
electric field leads the band gap of Si adsorbed on black phosphorene system to be narrowed and the transition
from the direct band gap to an indirect one to be completed. The band gap still goes up in proportion to the
increase of deformation. The band gap of Si atom adsorbed on black phosphorene system is more adjustable
than that of the Si atom that is not adsorbed on black phosphorene system, and the stable adjustment of the

band gap is more likely to be realized.
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