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Hexagonal boron nitride (h-BN) is a promising material for implementation in spintronics due to a large band 

gap (6 eV), low spin-orbit coupling, and a small lattice mismatch to graphene. Fluorescent defects recently 

observed under ambient conditions in h-BN promise to open novel opportunities for the implementation of on-chip 

photonic devices that rely on identical photons from single emitters. Tran et al. also identified single photon emission 

(SPE) from colour centers in h-BN emitting at energies between 1.6 and 2.2 eV [1, 2, 3]. Subsequent experiments have 

revealed a broad range of colour centers exhibiting SPE with widely varying zero phonon lines (ZPLs) and vibronic 

properties [4, 5]. These results highlight the potential of h-BN for applications related to quantum information science, 

including quantum computing and quantum-secure communication. Despite the obvious technological importance, the 

precise chemical nature of the dominant point defects in h-BN remains unclear. 

We study the electronic and energetic properties of native point defects in h-BN using density functional theory 

(DFT) within the generalized Kohn-Sham scheme. We use the screened hybrid functional of Heyd, Scuseria and 

Ernzerhof (HSE). We also investigate the migration properties of these point defects to determine their kinetics at 

different temperatures. We examine the case of N-rich conditions, where NB has the lowest formation energies. The 

formation energies of native point defects depend on the Fermi level; the Fermi level, in turn, is determined by charge 

neutrality.  

 

 

 

Fig. 1 Top-down view of the in-plane honeycomb structure of h-BN. Boron atoms are indicated by green spheres, 

nitrogen are grey. (b) Side view showing the interlayer spacing and AB stacking sequence. 

Isolated native point defects in h-BN have extremely high formation energies, and in the absence of impurities are 

unlikely to form in observable concentrations under thermodynamic equilibrium. We discuss possible defect origins for 

the recently observed single-photon emission in h-BN.  
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