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Abstract

This study employs first-principles density functional theory to investigate the electronic structure
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and optical properties of intrinsic monolayer black phosphorus and aluminum-doped monolayer black
phosphorus under biaxial strain. The findings reveal that aluminum doping narrows the bandgap, and
the bandgap width decreases with increasing compressive strain; under tensile strain, the bandgap
first increases and then decreases. Furthermore, the static dielectric constant of aluminum-doped
monolayer black phosphorus decreases with increasing tensile strain and exhibits a significant up-
ward trend under compressive strain. In the infrared and visible light regions, the imaginary part
of the dielectric function of this doped system increases with increasing compressive strain. When
compressive strain is applied, the absorption peak shifts toward lower energies (red shift); con-
versely, when tensile strain is applied, the absorption peak decreases and undergoes a blue shift.
These characteristics make aluminum-doped monolayer black phosphorus a highly promising can-
didate material for the fabrication of advanced electronic and optical devices that leverage its
strain-tunable properties.
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Figure 1. Crystal structure diagrams: (a) intrinsic black phosphorus; (b) alumi-
num-doped single-layer black phosphorus
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Figure 2. Band structure diagrams: (a) intrinsic black phosphorus; (b) aluminum-doped monolayer black phosphorus; (c) alumi-
num-doped monolayer black phosphorus under 4% biaxial strain; (d) aluminum-doped monolayer black phosphorus under 8%
biaxial strain; (e) aluminum-doped monolayer black phosphorus under —4% biaxial strain; (f) aluminum-doped monolayer black
phosphorus under —8% biaxial strain
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Figure 3. Density of states diagrams: (a) partial wave density of states of aluminum-doped; (b) partial wave density of states
of aluminum-doped monolayer black phosphorus under —4% biaxial strain; (c) partial wave density of states of aluminum-
doped monolayer black phosphorus under 4% biaxial strain; (d) Total density of states of Al-doped; (e) Total density of states
of Al-doped monolayer black phosphorus at —4%; (f) Total density of states of Al-doped monolayer black phosphorus at 4%
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Figure 4. The complex dielectric function plots of intrinsic black phosphorus and aluminum-doped monolayer
black phosphorus: (a) real part; (b) imaginary part
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Figure 5. The absorption rates of intrinsic black phosphorus
and aluminum-doped single-layer black phosphorus
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