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Abstract 

 
Point defects in semiconducting materials have been explored as promising components for 
the next-generation photonics due to their unique emission behaviour compared to bulk 
materials, especially regarding their potential applications in quantum optics. Van der Waals 
(vdW) materials, particularly hexagonal boron nitride (h-BN), have been a focal point in 
research on defect-related optical emitters because of the presence of room-temperature 
defect emitters within this 6 eV ultrawide bandgap semiconductor. However, a lack of 
structural correlation with the optical emission profile limits the development of functional 
optical devices based on h-BN emitters. This thesis aims to establish the relationship between 
the structure and properties of the optically active point defects in multilayer h-BN and to 
develop deterministic engineering techniques for introducing and controlling these emitters 
with high purity and tunability. To achieve this goal, the optical properties of h-BN emitters 
were investigated using optical spectroscopy, while their structural origins were examined 
using high-resolution microscopy and elemental analysis techniques. This work addresses the 
challenge of identifying the structure of defect emitters in hBN, presents deterministic 
methods for introducing point defects in a controlled manner, and paves the way for 
implementing h-BN defect emitters in future quantum optical circuits. 
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