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First-principles calculations of P doped 4H-SiC supercell
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Abstract: The lattice parameters, band structures, density of states, carrier concentrations and electrical conductivities of
pure 4H-SiC, P substitutional doped, and P interstitial doped 4H-SiC were calculated using the plan-wave ultra-soft
pseudo-potential method based on the density functional theory. The results indicate that the P doping decreases the
forbidden band widths of 4H-SiC, and the P substituted for C doped 4H-SiC shows the narrowest band gap. Substitutional
doping makes the Fermi energy level introduces into the conduction band of 4H-SiC, and the 4H-SiC becomes an n-type
semiconductor. Interstitial doping makes the Fermi energy level near the conduction band of 4H-SiC and introduces
impurity energy levels into the forbidden band. The electrons of substitutional doped 4H-SiC mainly exist at the bottom
of the conduction band. While the impurity energy levels in the forbidden band also provides electrons except those
existing at the bottom of the conduction band of interstitial doped 4H-SiC, so, the electron concentration increases
significantly. The carrier mobility of the doped 4H-SiC is mainly depending on the neutral impurity scattering and
decreases significantly comparing to the intrinsic state. Through the calculations of the electrical conductivities of the
four systems, it is found that the electrical conductivity of 4H-SiC with P substituted for Si is the biggest, and the 4H-SiC
shows the best conductivity.
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Fig. 1  Structural model of interstitial P doped 4H-SiC

supercell
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Table 1 Structural parameters of 4H-SiC before and after

doping
System a/nm c/nm  Lattice volume/nm’
Experimental result!™®  1.2324  1.0084 -
Intrinsic 1.5455 1.0127 2.0945
P substituting Si 1.5443  1.0120 2.0924
P substituting C 1.5480 1.0145 2.1071
Interstitial doping ~ 1.5512  1.0161 2.1136
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Table 2 Formation energy under different doping conditions

Doped system Formation energy/eV

P substitutes Si -3.26

P substitutes C —2.54
Interstitial doping 3.32
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Fig. 2 Band structures of 4H-SiC: (a) 4H-SiC; (b) P substituting Si; (c) P substituting C; (d) Interstitial doping
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Table 3  Average free time under different scattering mechanisms

Mechanism Topt Tion Tneu Teor Tn
P substituting Si 1.7X1071 1.3x107™" 1.3X107" 23X107" 1.12x107"
P substituting C - 1.5x107™" 1.3X107" 2.8X107" 1.15x107"
Interstitial doping - 1.5X107 1.5X1071 29X107" 1.30x107"*

Ra SRR PR TR R R

Table 4  Carrier concentration and electrical conductivity of different systems

System nlem* plem’ s/ (cm®V s Electrical conductivity/S
Intrinsic 6.35%x10" 1.58% 10" 480 50.03
P substituting Si 1.084 < 10! 0 2.68 464.8
P substituting C 1.06 X 10%! 0 2.61 442.7
Interstitial doping 0.53 10" 2.54%x10" 2.69 228.1
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