
Department of Materials Science & Engineering seminar  
                                                                                                                                                                                                                                                                                                                                                                                          

                  Presents 
Properties of intrinsic and extrinsic defects in black phosphorus and h-BN 

                                            by Prof Alexander Shluger 

Date:   16 April 2019 (Tuesday)  
Time:   10.30am – 11.30am   
Venue:   E1-06-03 

                                                                   Abstract 
Motivated by perceived applications in 2D nanoelectronics, we investigate the geometric and electronic structures of intrinsic and extrinsic defects in mono- and multilayer black phosphorus 
(b-P) and hexagonal boron nitride (h-BN) using Density Functional Theory (DFT) and non-local functionals. The results for a monolayer and several layers of b-P demonstrate [1] that 
energy barriers to forming intrinsic Frenkel pairs and Stone–Wales type defects exceed 3.0 eV and their equilibrium concentrations are likely to be low. P mono-vacancy is shown to 
introduce a shallow acceptor state in the bandgap of b-P. It exhibits fast hopping rates at room temperature and resulting in coalescence into di-vacancies, thus eliminating the band gap states. 
Hence P mono-vacancies are not the main contributor to p-doping in b-P with Sn found to be the most promising candidate. Other extrinsic defects considered include I, O, Fe, Cu, Zn and Ni 
in surface adsorbed, intercalated and substitutional geometries, respectively. Calculations of four-layer slabs of h-BN provide the positions of band boundaries with respect to the vacuum 
level and positions of charge transition levels for B and N mono- and di-vacancies in the band gap (5.7 eV). The results demonstrate that most of the defects are likely to be charged at typical 
Fermi level positions. It is found that N-N bridges can be formed between B vacancies in adjacent layers. These results are used to discuss the origins of defect states observed in STM and 
AFM images of b-P and mechanisms of degradation of h-BN films in devices. 
[1] J. Gaberle and A. L. Shluger, Nanoscale 10, 19536-19546 (2018) 
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