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Analysis of different vanadium charge states in vanadium-doped 6H-SiC by low
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Semi-insulating SiC can be prepared by vanadium doping, as vanadium forms a V4+/V5+ midgap donor level and a V3+/V4+ acceptor level in the upper band half depending on the
compensation regime. Our study correlates concentrations of the different vanadium charge
states directly by optical absorption and paramagnetic resonance measurements. Several
samples were prepared from a vanadium doped and a vanadium/boron co-doped 6H-SiC bulk
crystal. V3+ and V4+ fingerprints were detected by optical absorption at 15 K in the near-IR
range and by electron paramagnetic resonance (EPR) spectra at different temperatures. The
results are compared to chemical analysis and temperature dependent Hall effect
measurements. We will present calibration curves relating V4+ to V3+ peak heights from both
optical absorption and EPR measurements based on chemical and electrical analysis. We will
also discuss features in the EPR and optical absorption spectra and provide data on
temperature-dependent optical absorption on V3+ and V4+ intra 3d-shell transitions. This
information can be used to determine the local compensation ratio and compensation
mechanism in vanadium doped SiC samples.
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The use of semi-insulating SiC substrates is considered as a prerequisite for high-power and
high-frequency SiC-based devices [1]. In semi-insulating SiC, shallow levels formed by
residual impurities are overcompensated by deep levels, so that the fermi level is „pinned“ to
the deep level. Vanadium forms a V4+/V5+ mid-gap donor level and a V3+/V4+ acceptor level
in the upper band half depending on the compensation mechanism [2,3]. In PVT growth of
SiC, semi-insulating SiC with high yield can be obtained by tailoring a vanadium doping
profile taking into account the incorporation of both residual impurities (mainly nitrogen and
boron) and vanadium during growth [4]. As this information is very difficult to obtain, an
approach is shown to determine the presence of different vanadium charge states and to
estimate their respective concentrations by optical absorption and electron paramagnetic
resonance (EPR) measurements. This information can be used to determine the local
compensation ratio and compensation mechanism in vanadium doped SiC samples.
Several samples were prepared from a vanadium doped and a vanadium/boron co-doped 6HSiC bulk crystal. As growth proceeds, the content of both vanadium and nitrogen (as a major
impurity) decrease [4]. V3+ and V4+ intra 3d-shell transitions were detected by optical
absorption at 15 K in the near-IR range at 2000...2060 nm [5] and 1400...1500 nm [6],
respectively (see Fig. 1). Additionally, the V3+ and V4+ electron paramagnetic resonance
(EPR) spectra [6,7] were recorded at 70 K or room temperature and at 4 K, respectively (see
Fig. 2). The results are compared to chemical analysis and temperature dependent Hall effect
measurements, from which the total amount of vanadium and compensating impurities in the
samples can be obtained [4].
For the vanadium doped crystal, both V3+ and V4+ concentrations decrease with growth time
in accordance to chemical and electrical analysis. Illuminating the sample with UV light (hν >
Eg) in EPR measurements leads to a significant increase in V3+ concentration. In optical
absorption, a calibration curve is established to relate peak heights of the V3+ and V4+ intra 3dshell transitions. In samples cut from the co-doped SiC crystal, only very small traces of V3+
are found in optical absorption, while the decrease in V4+ concentration is again in accordance
to chemical and electrical analysis. We will also discuss features in the EPR and optical
absorption spectra and provide data on temperature-dependent optical absorption on V3+ and
V4+ intra 3d-shell transitions.
References
[1] C. Brylinski, Diam. Relat. Mater. 6 (1997), p. 1405
[2] W. C. Mitchel, R. Perrin, J. Goldstein, M. Roth, M. Ahoujja, S. R. Smith, A. O.
Evwaraye, J. S. Solomon, G. Landis, J. Jenny, H. McD. Hobgood, G. Augustine, V.
Balakrishna, Mater. Sci. Forum 264–268 (1998), p. 545

[3] M. Bickermann, D. Hofmann, T. L. Straubinger, R. Weingärtner, A. Winnacker, Mater.
Sci. Forum 433–436 (2003), p. 51
[4] M. Bickermann, R. Weingärtner, A. Winnacker, J. Cryst. Growth (2003) in press
[5] V.Lauer, G.Brémond, A.Souifi, G.Guillot, K.Chourou, R.Madar, B.Clerjaud, Mater. Sci.
Forum 338-342 (2000), p. 635
[6] J. Schneider, H. D. Müller, K. Maier, W. Wilkening, F. Fuchs, A. Dörnen, S.
Leibenzeder, R. Stein, Appl. Phys. Lett. 56 (1990), p. 1184
[7] K. Maier, J. Schneider, W. Wilkening, S. Leibenzeder, R. Stein, Mater. Sci. Eng. B 11
(1992), p. 27

Fig. 1: Optical absorption spectrum of a vanadium doped 6H-SiC sample at 12 K showing
both V3+ and V4+ intra 3d-shell transitions.
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Fig. 2. Vanadium features in electron paramagnetic resonance of a 6H-SiC wafer.

