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Fig. 1 72-atom 3 X 3 X 1 supercell model of Co-doped
4H-SiC (Colored spheres are Si (yellow) and C(gray) atom,
respectively. The C atoms labeled by 1—10 are the sites to be
replaced by Co atoms)
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Fig. 2 Total density of states and partial density of states of
Co doped 4H-SiC (Vertical dashed line drawn indicates the
Fermi energy Er): (a) TDOS; (b) Co; (¢) Si; (d) C
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Fig. 3 Band structure of pure 4H-SiC(a) and Co doped
4H-SiC(b) (Fermi level is set to zero)
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Table 1 Values of Co-Co distance, AEgy and magnetic
moment on each cell calculated for (a, b) structure Co doped

4H-SiC

Co-Co distance/A

(. b) AEpsy/ Magnetic
structure Before After meV moment of
optimization ~ optimization Co/uy
0,1) 3.082 3.047 0.5 0.26
(0,2) 3.082 3.047 0.3 0.26
0,3) 3.082 3.046 0.5 0.38
(0,4) 5.336 5.349 —18.3 0.72
0,5) 3.085 3.005 —20.5 0.50
(0,6) 4.360 4.378 -27.9 0.66
0,7) 5.339 5.362 —22.2 0.88
(0,8) 5.344 5.352 —3.6 0.78
(0,9) 5.344 5.358 -20.4 0.78
(0,10) 5.344 5.358 -17.7 0.78
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Fig. 4 Total density of states and partial density of states of
two Co doped 4H-SiC (Vertical dashed line drawn indicates the
Fermi energy Er): (a) TDOS; (b) Co; (c) Si; (d) C
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Fig. 5 Spin density distribution of two Co doped 4H-SiC in
FM coupling (Isovalue is set to 0.06 e/A%)
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First-principles calculations of electronic structures in
Co doped 4H-SiC

LIN Long"? Zhu Ling-hao', LI Xian-hong', ZHANG Zhi-hua®, He Ming', TAO Hua-long?,
XU Yong-hao®, ZHANG Zhan-ying', CAO Jian-liang'
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Dalian Jiaotong University, Dalian 116028, China;
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Abstract: Electronic and magnetic properties of Co doped 4H-SiC are researched by use of the first-principle plane wave
pseudo-potential method based on density functional theory. Ten kinds of doping position were calculated and the most
stable configuration was found out. The calculation results show that spin-polarization appears in one Co atom doped
4H-SiC, which is due to the introduction of vacancy. The top of valence band and the bottom of the conduction band are
mainly contributed by Co-3d, C-2p orbitals, with small contribution of Si-2p. Ferromagnetism order is activated by Co
doping via a Coy:3d-C:2p-Co4:3d coupling chain. Hybridization occurs between p-d orbitals. The doped Co ion will
induce additional holes carrier into the 4H-SiC. Therefore, the mechanisms for stabilizing the ferromagnetic state in Co
doped 4H-SiC based on defect interaction and Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction.

Key words: dilute magnetic semiconductors; electronic structure; magnetism; first principle; 4H-SiC
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