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Vacancy, nitrogen-vacancy and vacancy cluster production by low energy electron irradiation and annealing in intrinsic and nitrogen doped diamond
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Electron irradiation and annealing treatments are regularly used for colour centre/defect creation in diamond. The nitrogen-vacancy (NV) centre in diamond is a point defect that has received significant interest in recent years.  [1] The negatively charged state of the centre (NV−) exhibits long spin coherence times and due to its sensitivity to electric and magnetic fields and intrinsic room-temperature optical spin initialisation and readout it has many potential applications such as sensing, nano-photonics, quantum memory and quantum information processing. [2–5]
The precise positioning of functional defects, such as single NV− centres, and the optimisation of NV− ensembles, whilst minimising the concentration of unwanted defects that degrade the useful NV− properties, is desirable. To achieve this it is important to understand defect diffusion/migration and the formation/destruction kinetics of defect complexes. Intrinsic defects such as interstitials and vacancies are known to assist the diffusion of carbon atoms and impurities. Therefore, the understanding of these intrinsic defects is key in the pursuit of deterministic defect creation and optimising the properties of the desired defects. In the work reported here we have analysed, with confocal photoluminescence spectroscopy, the nature and distribution of defects created by variable dose, variable temperature, low energy (200 keV) electron irradiation and subsequent annealing in high purity, “electronic grade” diamond (< 5 ppb nitrogen, < 1 ppb boron) and nitrogen doped diamond (up to 12 ppm), grown by Chemical Vapour Deposition. 

The depth profile of the vacancies produced with 200 keV electrons in intrinsic diamond at temperatures where the vacancy is believed to be immobile is discussed, is found not to be in agreement with recent theoretical predictions. [6] It is shown that the observed NV0/− profiles can be explained in terms of a simple model which includes the formation of vacancy clusters and the nitrogen-divacancy (NV2) defect as well as NV0/−. The role and importance of defects involving multiple vacancies is discussed and strategies for optimising the location (e.g. near surface ensembles) and useful properties of NV− defects produced by “doping + electron irradiation + annealing” or “ion implantation + annealing” are described. 
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