	
	
	


	
	
	



EFFECTS OF THERMAL TREATMENTS ON THE CREATION OF SPIN DEFECTS IN HEXAGONAL BORON NITRIDE
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Quantum technologies have a lot of attention as next-generation fundamental technology. One technology that is nearing practical application is quantum sensing utilizing a specific defect, so called spin defect, generated in solid material. The quantum sensors can detect various physical quantities such as magnetic/electric fields and temperature with high accuracy and high spatial resolution, which are expected to apply to wide range applications. Negatively charged nitrogen-vacancy complex defect (NV-) in diamond known as NV center and negatively charged silicon vacancy (VSi-) in silicon carbide (SiC) are typical spin defects utilized for quantum sensor.
Distance between spin defects and measurement object (r) is an important factor for sensor sensitivity because the sensitivity is proportional to 1/r, 1/r2 and 1/r3 for temperate, electrical and magnetic fields sensing, respectively. For a spin defect in three dimensional (3D) materials, there is a serious problem that a defect formed near the surface, typically less than 10 nm, can no longer act as a spin defect. This is caused by changing in charge state, for example from NV- to NV0, due to band bending near the surface. 
Two dimensional materials such as hexagonal boron nitride (hBN) have no surface, so that there is a possibility to avoid the problem in principle. This may bring a better sensitivity than that for a spin defect in a 3D material. Recently, spin defects in hBN have been found [1,2]. Optically detected magnetic resonance (ODMR) contrast is one of important factors for sensitivity. In this work, we investigated annealing temperature dependence of ODMR contrast of negatively charged boron vacancy (VB-) in hBN. In addition, we performed high temperature ion irradiation to generate VB- with better optical/spin properties based on the findings on thermal stability.
VB- was generated in exfoliated hBN thin films (typical thickness ~ 100 nm) by nitrogen molecule irradiation with ion energy of 40 keV at room temperature. After irradiation, a sample was annealed step by step in vacuum for 30 min in temperature ranging from 200 to 800 °C. ODMR contrast was measured by a home-made confocal microscope (CFM). A signal was processed by our software lock-in system.
Figure 1 shows a magnetic field dependence of ODMR spectra of VB- in hBN. With increasing magnetic field, peak separation became larger due to the Zeeman effect. Peak separation at B = 0 mT was caused by a large zero-field splitting (ZFS) parameter E (72 MHz for our sample) in the standard spin Hamiltonian given by Eq. (1) [1], where D and E are ZFS parameters, S is the total electron spin (S =1 for triplets), g is the Landé factor, μB is the Bohr magneton, B is the static magnetic field and Sx,y,z are the spin-1 operators.
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//[image: ][image: ]This clearly showed VB- was generated as a spin defect. A signal contrast (similar index as ODMR contrast), Δamp./amp., was investigated using the annealed sample. Annealing temperature dependence of a signal contrast is shown in Fig. 2. The signal contrast showed the maximum value for the sample annealed at 400 °C. We observed no ODMR spectra for the sample annealed above 600 °C due to disappearance of VB- (no luminescence). We will report the effect of high temperature irradiation on optical/spin properties in the presentation.
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