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Abstract
In this study, the effect of the position of a double-vacancy defect on the electrical performance of phosphorene nanoribbon tunneling field-effect
transistors (TFETs) with a zigzag edge has been investigated. By varying the defect position along the length and width of the transistor channel, it was

"non

observed that the presence of defects in six studied positions—three along the length ("near source", "center", and "near drain") and three along the
width ("center", "in between" and "near edge")—leads to a reduction in the transistor's on/off current ratio. The best performance is observed in the
structure where the defect is located at the "in between" position of the channel width, with an on/off current ratio of 1600. Furthermore, the cut-off
frequency decreases in all cases, with the smallest reduction occurring when the defect is positioned at the "in between" and "near edge" locations along
the channel width, amounting to less than 10%. The calculations were performed using the Slater-Koster quasi-empirical method with DFTB-CP2K
parameters. These findings demonstrate that the position of the double-vacancy defect has a significant impact on the electrical performance of

phosphorene nanoribbon TFETs and should be considered an important factor in the design and fabrication of such transistors.
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Introduction

Structural defects are unavoidably present in silicene and graphene, significantly affecting their electronic and structural properties. These defects have
been extensively studied in various papers. However, the investigation of defects in phosphorene has received less attention so far. Due to its low-
symmetry lattice, phosphorene exhibits various types of defects, which form more easily compared to silicene and graphene. In this paper, for the first
time, the effect of the double-vacancy defect position on phosphorene nanoribbon tunneling FETs is investigated. The use of a tunneling structure in
this study is justified by the fact that tunneling field-effect transistors (TFETSs) are well-suited for designing low-power circuits.

Proposed Work and Methodology

The PNR-TFET investigated in this study features a phosphorene nanoribbon with a zigzag edge (ZPNR) as the channel material, sandwiched between
two oxide layers with a dielectric constant of 3.9. The equivalent oxide thickness (EOT) is 0.5 nm. The ZPNR has a channel width and length of 2.3
nm and 3.3 nm, respectively. The channel is assumed to be intrinsic. Two gate terminals modulate carrier tunneling. The source and drain regions are
doped with concentrations of 3 x 10! cm and -5 x 10! cm™, respectively. To model and analyze the electronic properties of phosphorene, an accurate
definition of the system’s Hamiltonian is required. For this purpose, we use the CP2K software package, an open-source molecular dynamics and
electronic structure tool for performing atomistic simulations of molecular, liquid, solid-state, and biological systems.

Conclusion

The effect of the double-vacancy defect position on the performance of phosphorene nanoribbon tunneling field-effect transistors with zigzag edges
was investigated. The results showed that the defect reduces the on-state current in all six positions, with the highest reduction occurring at the center
of the channel length and width. The on/off current ratio decreases in all cases, with the best performance observed when the defect is in the middle of
the channel width. The cut-off frequency also decreases in all cases, with the lowest reduction occurring when the defect is in the middle or near the
edge of the channel width. These findings suggest that a defect in the middle of the channel width has the least negative impact on both digital and
analog performance. Future studies could explore the effect of nanoribbon width variations to assess the generalizability of these results.
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