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MOTIVATION

J With the down-sizing of devices in the electronics industry, 2D layered » We analyze the variation of the energy band gap, the characteristics of
materials have become the focus of experimental and theoretical work due the energy band diagram of the boron based 2D systems which are
to their low dimensional interface properties. boron phosphide/blue phosphorus and GaN/boron phosphide

[ Designing alternative versatile 2D heterostructures improve electronic and heterostructures.
optical properties compared with monolayer 2D materials due to the » We examine the optical properties of monolayer boron phosphide and
mutual interaction between the layers. heterostructures as part of DFT calculations.

1 Boron phosphide has superior carrier mobility (over 10 cm?2 V-1s1). » We have also analyzed these properties under the external electric

J Band gaps are changing according to the layers. field.

? Can we recommend boron phosphide based 2D
METHOD heterostructures for optoelectronic applications? H
L First-principl lculati based density functional th DFT - - :
e VASh oackae e on density functional fheory {OFT Electronic & Optical Properties

- The exchange—correlation potentials are approximated by the generalized
gradient approximation (GGA) with the Perdew— Burke—Ernzerhof (PBE)
and hybrid Heyd—Scuseria—Ernzerhof (HSE06) functionals.

J The van der Waals interaction is important for layered hetero- structures

which is taken into account by the DFT-D2 method.

Monolayer boron phosphide/blue phosphorus heterostructures
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Geometrical Structures

Monolayer boron phosphide/blue phosphorus heterostructures

. e .\ J.Q .\ ﬁ.& .\ #.‘
-, l d »,
NN, SN

d

A'AeA’A?&
VaVaTaVa",
\/ \/

Energy (eV)

) I P P
Pav e o T W, W N

04
0 00-00- 20 O 00 00 00 0 >0 >0 >0 O >0 00— o0 0 O -0 >0 PDOS

06

0 0000~ 00 o 1 2 p
(a) MBOP (b) AA(MBOP/MBP)  (c) AB (MBOP/MBP)  (d) ABA (MBOP/BBP)  (c) ABB (MBOP/BBP) (1) ABC (MBOP/BBP) GaN/boron phosphide heterostructures b

GaN/boron phosphide heterostructures
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CONCLUSIONS

All of the heterostructures that are proposed are found to be stable by
considering the phonon spectra.

Pristine MBP has an indirect energy band gap, and heterobilayers of MBOP/
MBP have direct band gaps.

For the MGaN/MBOP system, while AA and AB1 are found to be indirect
band gap semiconductors, AB2 has a direct band gap where the MBP layer
dominates the band structure.

Finally, we examined the optical properties of the heterostructures by
considering the frequency dependent imaginary dielectric function.

E.| ~07VA™ ol 11 j It is also seen that the prominent optical absorption of the heterobilayers
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