Temperature stability of spin defects in 6H-SiC studied by EPR and Luminescence spectroscopy
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Among the silicon carbide (SiC) polytypes 3C, 4H and 6H are particularly promising for qubit applications [1]. These polytypes can host defects with properties similar to those of nitrogen-vacancy (NV) centers in diamond [1]. In silicon carbide, an NV defect forms when a nitrogen (N) atom substitutes a carbon (C) atom, accompanied by an adjacent silicon vacancy. A divacancy defect, in contrast, consists of a pair of adjacent carbon and silicon vacancies. Under optical excitation, NV defects emit in the near-infrared range, which coincides with the low-loss transmission window of optical fibers. These defects also exhibit some of the longest coherence times among solid-state qubits. Moreover, color centers in silicon carbide are promising candidates for use as quantum single-photon sources. This study focuses on investigating the parameters and dynamic characteristics of spin defects in the 6H-SiC polytype.
Using electron paramagnetic resonance (EPR) and electron-nuclear double resonance (ENDOR) spectroscopy, we characterized the hyperfine and quadrupole interaction parameters of NV-type defects in 6H-SiC. Analysis of pulsed EPR spectra (fig. 1) revealed that the signal intensity of the NV center decreases at lower temperatures, whereas the signals from divacancy (VV) centers increase suggesting temperature-dependent charge redistribution between these defects. At elevated temperatures, VV centers exhibit rapid spin relaxation. However, as the temperature decreases, their relaxation processes slow significantly, enhancing both the stability of the VV signals and their contribution to the EPR spectrum. Analysis of the angular dependence of NV center resonant frequencies in ENDOR spectra revealed that the components of the hyperfine interaction tensor, [image: image2.png]
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, are nearly identical. This suggests a highly symmetric crystalline environment around the defect and a uniform distribution of spin density. Temperature-dependent relaxation times were also measured. Fitting of the T1 relaxation data showed that, within the 50–275 K range, longitudinal relaxation is dominated by a thermally activated process, with a minor temperature-independent contribution. At low temperatures, spectral diffusion of electrons begins to influence the transverse relaxation time T2. The characteristic parameters of this process were determined.

To investigate the optical properties and thermal stability of defect centers in 6H-SiC, luminescence spectra were measured over a temperature range of 10–280 K. The temperature-dependent integrated luminescence intensity was analyzed for different defect configurations in silicon carbide. Analysis of the temperature-dependent luminescence (fig. 2) profiles revealed distinct emission mechanisms for divacancies and NV centers. NV centers exhibit significantly higher luminescence quenching temperatures compared to divacancies, demonstrating superior thermal stability across a broad temperature range. While both defect types show comparable activation energies, divacancies display lower quenching temperatures due to the dominance of non-radiative processes in their emission mechanism, which limits their suitability for high-temperature quantum applications. Among the investigated spin defects in 6H-SiC, the NV hh/k1h, NV k2k1, and NV hk1 centers exhibited exceptional thermal stability, making them particularly promising candidates for quantum technologies.
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Fig. 1. Normalized photoinduced pulsed EPR spectra of 6H-SiC recorded between 40-150 K (B0||c). The observed high-frequency spin transitions correspond to low-field resonant absorption of microwave quanta.
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Fig. 2. Temperature dependence of integrated photoluminescence intensity for different spin defect configurations in 6H-SiC (left: NV centers, right: VV centers) over the 10-240 K range. Experimental data are shown as points, while the solid line represents the model curve describing the thermal quenching mechanism of defect luminescence.
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