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Table 1. Lattice constants a, band gaps E,, lattice
mismatch o of BlueP, MoTe, and WTe, monolayers
and BlueP/XTe, heterostructures, and interlayer dis-
tance dy of BlueP/XTe, heterostructures.

o/A  EJeV  o/% do/A

BlueP 3.28  1.94 (Ja]) - —
MoTe, 355 111 (H) - =
WTe, 355  1.08 (H) - =
BlueP /MoTe, 3.39 0.6 (171) 36 33

BlueP/WTe, 3.43  0.713 () 3.9 34

067101-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 6 (2021) 067101

(a) (b) 2 () 2
SO e NS
BlueP 1k 1r
% 2r {%V % ’\ MoTe, % _\ WTey
= T~ = 1.11 eV = 1.08 eV
@ 0 & 0 0 0
A _of = —] 5
e A Ra
4}
) L ydavd
G M K G G K G G M K G
3 1.5 1.5 S—
= ] = =
2t 1.0 1.0 72:_(’:
> 1t =z 05F — Mo 4d Z 05F — W 5d
= < —Te5s < —Tes5
B o 5 o0 =P B o0 =P
] 8 5]
5 1 & —05 g -0s5k
-2 ; -1.0 E -1.0 %
-3 —1.5 t L L —1.5 . L
0 2 4 6 0 2 4 8 10 12 14 0 2 4 6 8
PDOS PDOS PDOS
1 )2 BlueP 5 XTe, IBEH 251 K FIA K (a) BlueP; (b) MoTey; (c) WTey
Fig. 1. Energy band structures and density of states of BlueP and XTe, monolayer: (a) BlueP; (b) MoTey; (¢) WTe,.
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Fig. 2. Side and top view of BlueP/XTe, van der Waals heterostructures: (a), (b), (c) BlueP/MoTey; (d), (e), (f) BlueP/WTe,.
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Fig. 3. Binding energy of the BlueP/XTe, van der Waals heterostructures as a function of the distance dy between the BlueP and

XTe, monolayers: (a) BlueP/MoTey; (b) BlueP/WTe,.
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Fig. 4. Energy band structures, partial density of states (PDOS), band alignment and the band decomposed charge density of CBM
and VBM in heterostructures: (a)—(d) BlueP/MoTe,; (e)—(h) BlueP/WTe,.
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Fig. 5. Total energy of the BlueP/XTe, van der Waals het-

erostructures as a function of the biaxial strain e.
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Fig. 6. Energy band structures under different biaxial strains for (a) BlueP/MoTe, and (b) BlueP/WTe,, where € > 0 (¢ < 0) rep-

resents the tensile strain (compressive strain).
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Fig. 7. Partial density of states under different biaxial strains for (a) BlueP/MoTe, and (b) BlueP/WTe,; (c) the band gap as a
function of biaxial strains in BlueP/XTe, van der Waals heterostructures; £ > 0 (¢ < 0) represents the tensile strain (compressive

strain).
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Fig. 8. Real part of the dielectric function of BlueP and XTe, monolayer, and BlueP/XTe, heterostructures under different biaxial
strains: (a) BlueP and XTe, monolayer; (b) BlueP/XTey; (c), (e) BlueP/MoTey, BlueP/WTey, ¢ < 0; (d), (f) BlueP/MoTe,,
BlueP/WTey, € > 0; ¢ > 0 (¢ < 0) represents the tensile strain (compressive strain).
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Abstract

First principles calculations are performed to explore the electronic structure and optical properties of
BlueP/XTe, (X = Mo, W) van der Waals heterostructures after biaxial strain has been applied. The type-II
band alignments with indirect band gap are obtained in the most stable BlueP/X Te, heterostructures, in which
the photon-generated carriers can be effectively separated spatially. The BlueP/MoTe, and BlueP/WTe,
heterostructures both have appreciable absorption of infrared light, while the shielding property is enhanced.
The increase of biaxial compressive strain induces indirect-direct band gap transition and semiconductor-metal
transition when a certain compressive strain is imposed on the heterostructures, moreover, the band gap of the
heterostructures shows approximately linear decrease with the compressive strain increasing, and they undergo
a transition from indirect band gap type-II to indirect band gap type-I with the increase of biaxial tensile strain.
These characteristics provide an attractive possibility of obtaining novel multifunctional devices. We also find
that the optical properties of BlueP/XTe, heterostructures can be effectively modulated by biaxial strain. With
the increase of compression strain, the absorption edge is red-shifted, the response of light absorption extends to
the mid-infrared light and the absorption coefficient increases to 10 cm! for the two heterostructures. The
BlueP /MoTe, shows stronger light absorption response than the BlueP/WTe, in the mid-infrared to infrared
region and the £,(0) increases significantly. The BlueP/XTe, heterostructures exhibit modulation of their band
alignment and optical properties by applied biaxial strain. The calculation results not only pave the way for
experimental research but also indicate the great potential applications of BlueP/XTe, van der Waals

heterostructures in narrow band gap mid-infrared semiconductor materials and photoelectric devices.

Keywords: BlueP/XTe, (X = Mo, W) van der Waals heterostructures, electronic structure, optical pro-

perties, strain
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