
 

 

 

Hexagonal boron phosphide and boron arsenide van der Waals heterostructure as 

high-efficiency solar cell 

Yi Li(李依), Dong Wei(魏东), Gaofu Guo(郭高甫), Gao Zhao(赵高), Yanan Tang(唐亚楠), and Xianqi Dai(戴宪起) 

Citation:Chin. Phys. B, 2022, 31 (9): 097301.   DOI: 10.1088/1674-1056/ac6b2a 

Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb   

 

What follows is a list of articles you may be interested in  

 

Surface modulation of halide perovskite films for efficient and stable solar cells 

Qinxuan Dai(戴沁煊), Chao Luo(骆超), Xianjin Wang(王显进), Feng Gao(高峰), Xiaole Jiang(姜晓乐), and Qing 

Zhao(赵清) 

Chin. Phys. B, 2022, 31 (3): 037303.   DOI: 10.1088/1674-1056/ac1fe0 

Light focusing in linear arranged symmetric nanoparticle trimer on metal film system 

Yuxia Tang(唐裕霞), Shuxia Wang(王蜀霞), Yingzhou Huang(黄映洲), and Yurui Fang(方蔚瑞) 

Chin. Phys. B, 2022, 31 (1): 017303.   DOI: 10.1088/1674-1056/ac20c3 

Giant Rashba-like spin-orbit splitting with distinct spin texture in two-dimensional 

heterostructures 

Jianbao Zhu(朱健保), Wei Qin(秦维), and Wenguang Zhu(朱文光) 

Chin. Phys. B, 2021, 30 (8): 087307.   DOI: 10.1088/1674-1056/ac0784 

Influence of Zr50Cu50 thin film metallic glass as buffer layer on the structural and 

optoelectrical properties of AZO films 

Bao-Qing Zhang(张宝庆), Gao-Peng Liu(刘高鹏), Hai-Tao Zong(宗海涛), Li-Ge Fu(付丽歌), Zhi-Fei Wei(魏志飞), 

Xiao-Wei Yang(杨晓炜), Guo-Hua Cao(曹国华) 

Chin. Phys. B, 2020, 29 (3): 037303.   DOI: 10.1088/1674-1056/ab6c50 

Energy band alignment at Cu2O/ZnO heterojunctions characterized by in situ x-ray 

photoelectron spectroscopy 

Yan Zhao(赵妍), Hong-Bu Yin(尹泓卜), Ya-Jun Fu(符亚军), Xue-Min Wang(王雪敏), Wei-Dong Wu(吴卫东) 

Chin. Phys. B, 2019, 28 (8): 087301.   DOI: 10.1088/1674-1056/28/8/087301 

 

-------------------------------------------------------------------------------------------------------------------- 

http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac6b2a
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac6b2a
https://doi.org/10.1088/1674-1056/ac6b2a
http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac1fe0
https://doi.org/10.1088/1674-1056/ac1fe0
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac20c3
https://doi.org/10.1088/1674-1056/ac20c3
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac0784
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac0784
https://doi.org/10.1088/1674-1056/ac0784
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ab6c50
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ab6c50
https://doi.org/10.1088/1674-1056/ab6c50
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/8/087301
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/28/8/087301
https://doi.org/10.1088/1674-1056/28/8/087301


Chin. Phys. B 31, 097301 (2022)
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The rapid development of two-dimensional (2D) materials offers new opportunities for 2D ultra-thin excitonic solar
cells (XSCs). The construction of van der Waals heterostructure (vdWH) is a recognised and effective method of integrating
the properties of single-layer 2D materials, creating particularly superior performance. Here, the prospects of h-BP/h-BAs
vdW heterostructures in 2D excitonic solar cells are assessed. We systematically investigate the electronic properties and
optical properties of heterogeneous structures by using the density functional theory (DFT) and first-principles calculations.
The results indicate that the heterogeneous structure has good optoelectronic properties, such as a suitable direct bandgap
and excellent optical absorption properties. The calculation of the phonon spectrum also confirms the well-defined kinetic
stability of the heterstructure. We design the heterogeneous structure as a model for solar cells, and calculate its solar
cell power conversion efficiency which reaches up to 16.51% and is higher than the highest efficiency reported in organic
solar cells (11.7%). Our work illustrates the potential of h-BP/h-BAs heterostructure as a candidate for high-efficiency 2D
excitonic solar cells.

Keywords: h-BP, h-BAs, two-dimensional heterostructure, solar cell

PACS: 73.20.At, 73.22.–f, 73.40.Kp, 73.40.Cg DOI: 10.1088/1674-1056/ac6b2a

1. Introduction

With the development of society, the consumption of fos-
sil fuels and other non-renewable energy sources are increas-
ingly rising up. The scarcity of non-renewable energy sources
has led to a great deal of interest in the utilisation of green
and renewable energy sources. The collection and use of so-
lar energy is always the focus of research. The conversion of
solar cells from optical energy into electrical energy is impor-
tant for energy production, and searching for new materials
and improving the efficiency of photovoltaic conversion be-
come the main research hotspots. Based on existing process-
ing technologies, the solar cell industry has been dominated
by traditional silicon-based devices. For this reason, plenty
of researchers have turned to improving the power conversion
efficiency (PCE) of silicon-based devices, however, their re-
searches are approaching to the theoretical limits.[1] In order to
further improve the PCE of solar cells, researchers have inves-
tigated other materials as candidates for solar cells, in particu-
lar, two-dimensional (2D) excitonic solar cells (XSCs), which
have attracted much attention.[2–5] The 2D XSCs consist of
two different materials stacked together forming a heteroge-
neous structure. Owing to the different properties of the two
materials, the photo-generated electrons and holes are located
on two different materials when illuminated, which enables

the electrons and holes to be separated effectively. For het-
erojunctions, the solar cell is mainly determined by interfacial
effect.

Since the successful exfoliation of graphene in 2004,[6]

it has caused a boom in the research of 2D materials.
The 2D materials are distinguished from bulk due mainly
to the presence of only a few atomic layers of thick-
ness in two dimensions, while the scale in the plane is
greater than the layer thickness.[7,8] Owing to the effect
of quantum confinement, 2D materials exhibit unique prop-
erties that distinguish them from bulk and provide poten-
tial applications in nanoelectronics,[9] topology,[10] topolog-
ical insulators,[11] ferroelectricity and antiferroelectricity,[12]

optoelectronics,[13,14] photovoltaics,[15] spintronic devices,[16]

solar energy harvesting,[17] etc. They also provide a ex-
cellent research platform for understanding new types of
physics.[8] The preparation of 2D materials is well estab-
lished by a number of chemical and physical methods like
mechanical exfoliation,[18] chemical exfoliation of their bulk
structures,[19] chemical vapor deposition (CVD) of thin films,
etc.[20] Van der Waals heterostructures (vdWHs) stacked by
different 2D materials together vertically, are held together
by vdW forces (the same forces that hold the layers to-
gether), and this heterostructure allows more combinations
than any conventional growth method.[21] The construction
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of heterostructures brings more opportunities for the appli-
cations of 2D materials, such as wearable and biocompat-
ible electronics,[22] photodetectors,[23] photovoltaics,[24–26]

and light emitting devices.[27] The design of solar cells us-
ing heterojunctions with type-II band alignment is an effective
method.

Hexagonal boron phosphide (h-BP) and boron arsenide
(h-BAs) are typical 2D materials consisting of group III–V el-
ements, with an atomic structure similar to the graphene.[28,29]

The research indicated that bulk boron phosphide (BP) is suc-
cessfully prepared in the laboratory,[30,31] which means that
in the nearest future, h-BP layer is expected to be prepared
by mechanical exfoliation. The h-BP layer has excellent car-
rier mobility (∼ 104 cm2·V−1·s−1),[32] comparable to that of
graphene (∼ 105 cm2·V−1·s−1),[33] and is a direct bandgap
semiconductor (∼ 0.89 eV).[28] Cubic BAs is a material with
ultra-high thermal conductivity (∼ 2000 W/mK),[34] compa-
rable to diamond and graphite.[35–37] The BAs has been fab-
ricated, and some of their properties have been character-
ized previously.[38] The cubic BAs and BP were sliced along
the (111) face and fully optimized to obtain h-BAs and h-
BP monolayers. The electronic and transport properties of
h-BP/h-BAs vdwHs have been studied,[39] while their optical
properties and PCE have not been discussed.

In this work, the geometry, electronic properties, optical
absorption properties, and PCE of h-BP/h-BAs vdwHs are sys-
tematically investigated based on the density functional theory
calculations. The results indicate that the h-BP/h-BAs vdwHs
exhibit a type-II band alignment with large valence band shifts
and small conduction band shifts, which is suitable for the de-
sign of solar cells. We present models for h-BP/h-BAs vdwHs
as solar cells, and calculate the PCE of heterostructures up
to 16.51%, which is important for XSCs. This work can in-
crease the understanding of the properties and applications of
h-BP/h-BAs vdwHs.

2. Computational methods
First-principles calculations were carried out with the

context of density functional theory (DFT) in the general-

ized gradient approximation with the Perdew–Burke–Ernzerh
(PBE)[40] exchange–correlation functional, and the projected
augmented wave (PAW)[41] approach with plane wave cutoff
energy of 550 eV, as implemented in the Vienna ab initio
simulation package (VASP).[42] To correct the bandgap un-
derestimation of PBE, Heyd−Scuseria−Ernzerhof (HSE06)
functionals[43] were employed for a more accurate description
of the band edges. The zero damping DFT-D3[44] proposed
by Grimme was adopted to account for the long range vdW
interaction between h-BP layer and h-BAs layer. The atomic
positions were fully optimized until the maximum force on
each atom was less than 0.01 eV/Å, and the difference in total
energy between two self-consistent cycles reached less than
10−5 eV. A vacuum thickness of more than 20 Å was used
to decouple the periodic images between adjacent monolayers
along the z direction.[45] A k grid of 11×11×1 was employed
in both geometry and electronic properties calculations. The
PHONOPY[46] code was used to obtain the phonon dispersion
curve through density functional perturbation theory (DFPT).

3. Results and discussion
3.1. Geometry and stability

The geometrical structures of the monolayers are calcu-
lated before building the heterostructures. For the intrinsic h-
BP and h-BAs monolayers, the optimized lattice constants are
3.21 Å and 3.39 Å, respectively, which match well with the
previous results.[47–50] The 1× 1 h-BP and 1× 1 h-BAs cells
are chosen to form a heterstructure with a lattice constant of
3.39 Å, and the lattice mismatch rate is about 5%. With vari-
ous stacking sequences, the h-BP and h-BAs monolayers can
form different heterostructures. As illustrated in Fig. 1(b), they
are denoted as A, B, C, and D, respectively. In the A confor-
mation, B and P atoms in h-BP layer correspond to B and As
atoms in the h-BAs layer, respectively. In the C configuration,
the P atom in h-BP layer is located below the B atom in the
h-BAs layer, and the B atom is located below the center of the
six-membered ring composed of h-BAs layers. The configu-
rations B and D are obtained by rotating the h-BP layer 180◦

around the vertical axis of the A and C structures, respectively.

(a) (b)

As P B
A B C D

Fig. 1. Top and side view of (a) h-BP and h-BAs layers, (b) h-BP/h-BAs vdWHs with various stacking manners.
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In order to screen the most stable structures, we calculate
the binding energy values of the four heterostructures. The
formula for binding energy (Eb) is

Eb = Eh−BP/h−BAs−Eh−BP−Eh−BAs, (1)

where Eh−BP/h−BAs, Eh−BP, and Eh−BAs are the total energy
of the heterostructure, intrinsic h-BP and h-BAs monolayer,
respectively. The Eb and layer spacing of the four heterostruc-
tures are listed in Table 1. The D-configuration heterostruc-
ture has the lowest Eb, indicating the most stable structure,
thus only the D-configuration is considered in the subsequent
study.

Table 1. Calculated binding energy Eb and distance between h-BP and
h-BAs layer d for different stacked patterns.

A B C D

Eb (eV) –0.308 –0.307 –0.326 –0.338
d (Å) 4.1857 4.0264 3.7109 3.9489
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Fig. 2. (a) Phonon dispersion curves of h-BP/h-BAs vdWHs, and (b) curve
of Eb versus interlayer distance of heterostructure.

For 2D materials, phonon spectroscopy is a reliable way
to characterize their kinetic stabilities. The phonon spectrum

of the heterstructure is shown in Fig. 2(a), and the absence of
imaginary frequencies on all high symmetry paths in the Bril-
louin zone implies the dynamical stability of the structure. The
layer spacing significantly affects the structural and electronic
properties of the heterostructure. Here, we calculate the evo-
lution of Eb with layer spacing, indicating that the most stable
layer spacing is 3.95 Å.

3.2. Electronic properties

Figure 3 shows the band structure of monolayer h-BP, h-
BAs, and projected band structure of h-BP/h-BAs vdWHs cal-
culated by the HSE06 method, respectively. The h-BP layer
and h-BAs layer are both semiconductors with direct bandgap.
The conduction band minimum (CBM) and valence band max-
imum (VBM) are both located at the high symmetry point K,
with bandgaps being 1.36 eV and 1.14 eV, respectively, which
are consistent with previous studies.[28,29] After the formation
of the heterostructure, the system still maintains the proper-
ties of a direct bandgap semiconductor with a bandgap size of
0.93 eV. Compared with the intrinsic monolayer, the bandgap
of the heterostructure is lowered by 0.43 eV and 0.21 eV, re-
spectively, which is mainly caused by the Fermi level align-
ment. Figure 3(c) shows the projected band structure of h-
BP/h-BAs vdWHs, with blue and red representing the con-
tributions of h-BP and h-BAs layer, respectively. To further
investigate the electronic properties of h-BP/h-BAs vdWHs,
we plot the band decomposed charge densities of heterostruc-
ture (Fig. 4(a)), which clearly illustrates the type-II band align-
ment. The CBM is contributed by the h-BP layer and the VBM
layer is offered up by the h-BAs layer. When the heterostruc-
ture is irradiated by optical light, the valence band electrons
of the h-BP layer and h-BAs layer are excited, however, trans-
ferred only to the conduction band of h-BP layer, because of
the conduction band offset (CBO).
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Fig. 3. Band and structure of (a) h-BP, (b) h-BAs monolayer, and (c) h-BP/h-BAs vdWHs.
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Fig. 4. (a) Band decomposed charge densities of band edges with isosurface value of 0.01 e/Å3, and (b) band alignment of h-BP, h-BAs layers,
and h-BP/h-BAs vdWHs.

Meanwhile, during the electron transition from the h-BAs
layer to the h-BP layer, except the light-generated holes left in
the valence band of the h-BAs layer, the light-generated holes
in the valence band of the h-BP layer are transferred to the va-
lence band of the h-BAs layer under the valence band offset
(VBO) effect. Therefore, the electron–hole separation redis-
tribution produced by light, which reduces the complexation
of electrons and holes, increases the lifetime of the exciton.
In h-BP/h-BA vdWHs, a large VBO can contribute to higher
efficiency by inhibiting the movement of holes from the h-BP
layer (acceptor) to the h-BA layer (donor), which has been ap-
plied to both photonics and solar energy conversion.

The work function is critical to the design of devices
based on semiconductor heterostructures. As illustrated in
Fig. 4(b), the work function of h-BP, h-BAs, and h-BP/h-BAs
vdWHs are 5.22 eV, 4.72 eV, and 4.87 eV, respectively. When
h-BP layer contacts the h-BAs layer, electrons will flow from
the h-BAs layer to the h-BP layer due to the low work function
of h-BAs layer. With the increase of the transferred electrons,
the Fermi energy level of the h-BP layer shifts upward. Mean-
while, the Fermi energy level of the h-BAs layer decreases
as the number of transferred holes increases, until the Fermi
energy levels of the two are aligned. When the equilibrium
potential between the h-BP and h-BAs layers is reached, elec-
trons and holes are confined into different layers, which leads
to a built-in electric field in the direction from h-BAs to h-BP
layer.

Strain can provide a way to probe the change in energy
band structure and it is a means of effectively modulating the
electronic properties of materials. Here, we provide an insight
into the electronic properties of h-BP/h-BAs vdWHs through
the biaxial strain. Figure 5(a) shows the top and side views of
the h-BP/h-BAs vdWHs under applied compressive strains of
1%–5%, respectively. It can be seen that at a compression
strain of 2%, the h-BAs layer in the heterostructure begins

to fold and the As atoms are forced to move upwards, while
the h-BP/h-BAs vdWHs still retains its semiconductor nature
with a type-II band alignment (Fig. 5(b)). As the compres-
sive strain increases further, the As atoms are arched up to an
increasing height by the stress and are not in the same plane
as the B atoms. At this moment, the h-BP layer remains es-
sentially unchanged and the B atoms and P atoms are still in
one plane. When the compression strain increases to 5%, the
P atoms start to move upwards under the strain, the P atoms
of the h-BP layer become bonded to the B atoms of the h-BAs
layer, B-P bond length being 2.108 Å, the heterogeneous struc-
ture is destroyed and the system behaves metallically as shown
in Fig. 5(b). The projected band structures of the h-BP/h-
BAs vdWHs under compressive strain are shown in Fig. 5(b),
where the heterostructure retains its direct band gap charac-
teristics and maintains the type-II band alignment within the
compression strain range from 1% to 4%. As the compressive
strain changes, the VBM contributed by h-BAs remains es-
sentially unchanged and the conduction band it contributes to
shifts upwards as the strain increases. The h-BP layer, which is
the CBM of the dominant h-BP/h-BAs vdWHs, continuously
shifts downwards as the compressive strain increases and the
band gap of the heterostructure linearly decreases. The blue
dashed line and the red dashed line in the figure represent the
variations in the conduction band of h-BAs and h-BP layers,
respectively.

The top and side views of the h-BP/h-BAs vdWHs un-
der different tensile strains are shown in Fig. 6(a). The h-
BP/h-BAs vdWHs remain stable without bond breakage at ten-
sile strains ranging from 1% to 5%, thus indicating that the
structure is fully capable of withstanding a 5% tensile strain.
In order to accurately describe the h-BP/h-BAs vdWHs band
structure and band alignment under tensile strain, we present
the projected band structures of the heterostructure at different
tensile strains as indicated in Fig. 6(b). The conduction band

097301-4
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of the h-BP/h-BAs vdWHs shifts upwards with the increase of
tensile strain, resulting in an increasing band gap, which can
be seen to increase linearly but by a small quantity. The band
gap of the heterostructure at 5% tensile strain is 1.10 eV, an

increase of 0.17 eV in comparison with that of the intrinsic
heterostructure (0.93 eV). The blue and the red dashed lines in
the figure refer to the changes in the portion of the conduction
band contributed by the h-BAs and h-BP layers, respectively.
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Fig. 5. (a) Top and side view of h-BP/h-BAs vdWHs under different compression strains, and (b) projected band structure of h-BP/h-BAs
vdWHs, with red referring to h-BAs layer, and blue representing h-BP layer.
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with red referring to h-BAs layer, and blue representing h-BP layer.
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3.3. Optical properties and solar cell

The effective separation between photogenerated elec-
trons and holes in h-BP/h-BAs vdWHs is favorable for the
application of photovoltaic materials. Here, we calculate the
optical properties and PCE of the h-BP/h-BAs vdWHs.

To explore the optical properties, the frequency-
dependent dielectric function [ε(ω)] is calculated and ob-
tained, and the light absorption coefficient α(ω) can be ob-
tained from the following equation:[51]

α =
√

2ω

√(√
ε2

1 (ω)+ ε2
2 (ω)− ε1(ω)

)
, (2)

where ε1(ω) and ε2(ω) are the real part and the imaginary
part of the complex dielectric function, respectively. In Fig. 7,
the optical absorption coefficients of the intrinsic h-BP, h-BAs
layers and heterostructures are calculated, respectively. The
results illustrate that the optical absorption peaks of h-BP and
h-BAs layers are in the UV region, and also have some op-
tical responses in the visible range and IR range. The ab-
sorption peaks of the heterostructure in the visible range are
contributed by both h-BP layer and h-BA layer, while the het-

erostructure has no absorption in the IR range, which may be
attributed to the change in the lattice constant after the forma-
tion of heterostructure. Compared with the intrinsic layer, the
heterostructure maintains good optical absorption properties,
and possesses an enhanced visible light absorption range and
the optical absorption coefficient of up to 105.

The PCE depends greatly on the band alignment between
the donor material and the acceptor material. Therefore, it
is critically important to select the electron donor and elec-
tron acceptor semiconductor materials in 2D XSCs. In view
of the excellent optical properties of h-BP/h-BAs vdWHs, we
design a solar cell model as depicted in Fig. 8(a). Metal and
ITO are used as the electrode materials, and the support sub-
strate is also provided for the heterostructure, with the h-BAs
layer serving as the donor material and the h-BP layer as the
acceptor material. Once the photons are absorbed, the pho-
togenerated electrons and holes are spatially separated in two
different monolayers, creating a photovoltaic voltage and in
turn outputting a current to an external circuit.

In the limit of 100% external quantum efficiency (EQE),
the upper limit to the PCE is calculated as follows:

η =
JscVocβFF

Psolar
=

0.65(Eg−∆Ec−0.3)
∫

∞

Eg

P(h̄ω)EQE(h̄ω)

h̄ω
d(h̄ω)∫

∞

0
P(h̄ω)d(h̄ω)

, (3)
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Fig. 7. Optical absorption coefficients of h-BP, h-BAs, and h-BP/h-BAs vdWHs at HSE06 level.
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and (b) calculated power conversion efficiency in heterostructures denoted by red square.
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where 0.65 is the band fill factor (βFF ); P(h̄ω) is taken to
be the AM1.5 solar energy flux at the photon energy h̄ω; JSC

is the short-circuit current, which is an integral of the solar
spectrum; term (Ed

g−∆Ec−0.3) estimates the maximum open-
circuit voltage Voc, Ed

g being the donor bandgap, and ∆Ec being
the CBO. As shown in Fig. 8(b), the calculations indicate that
the heterogeneous structure has a PCE of up to 16.51%, which
is encouraging.

Meanwhile we investigate the effect of biaxial strain on
the PCE, and in Table 2 we calculated ∆Ec, Ed

g , and PCE for
different tensile-compressive strains. The results show that the
PCEs of h-BP/h-BAs vdWHs decrease with tensile strain, but

remain in a range of 14.36%–17.12%. This efficiency is com-

petitive with reported efficiencies, for instance, the best certi-

fied efficiency of organic solar cells (11.7%),[52] MoSe2/WSe2

(14%–16%),[53] phosphorene/MoS2 (∼ 21%),[54] MoSe2/BAs

(20.08%),[29] and N-GY/MoS2 (17.77%).[55] During the ex-

perimental preparation of heterojunctions, they are inevitably

subjected to tensile or compressive stresses, and our study

shows that h-BP/h-BAs vdWHs can still maintain such high

PCEs under tensile-compressive strain. Therefore, we infer

that the h-BP/h-BAs vdWHs is a potential candidate for the

high-efficiency XSCs application.

Table 2. Calculated values of ∆Ec, Ed
g , and PCE by biaxial strain regulation.

Strain (%) –5 –4 –3 –2 –1 1 2 3 4 5

∆Ec (eV) – 0.923 0.722 0.417 0.383 0.391 0.299 0.297 0.351 0.295
Ed

g (eV) – 1.765 1.509 1.208 1.210 1.365 1.303 1.291 1.363 1.368
PCE (%) – 7.23 9.08 12.81 13.53 14.96 16.36 16.24 15.84 17.12

4. Conclusions
In this work, the electronic and optical properties of h-

BP/h-BAs vdWHs are investigated based on first-principles
calculations with vdW correction (D3), and the feasibility as
an efficient 2D solar cell is proposed. Theoretical calculations
indicate that the D heterostructure has the lowest binding en-
ergy and has a better kinetic stability. The h-BP/h-BAs vd-
WHs exhibit a direct bandgap semiconductor with a bandgap
of 0.93 eV, with a type-II band alignment, which enables effi-
cient spatial separation between photo-generated electrons and
holes. The h-BP/h-BAs vdWHs can withstand compressive
strain up to a limit of 4% compressive strain. For tensile strain,
h-BP/h-BAs vdWHs can be regulated in a wide range. From
the present study, it can be found that the band gap of h-BP/h-
BAs vdWH increases with tensile strain increasing, which can
provide some theoretical basis for experiments. In the opti-
cal properties, the results show that the heterostructure has a
very high absorption coefficient (105 cm−1) in the UV-visible
range. Meanwhile, the heterostructure has a small CBO, a
large VBO, and an PCE of up to 16.51%. These favorable fac-
tors highlight the promising future of heterostructures in 2D
XSCs.
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