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Table 1 Lattice parameters after geometry optimized (nm)
Mater This study Theoretical results Experimental results
ZnS 0.5431 0.5436%1,0.544 6™ 0.54107%7,0. 541 30"
ZnS:N 0.5296 — —

ZnS:Al,2N 0.5191
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Table 2 Mulliken charge population of Al-2N codoped ZnS
Atom s orbital p orbital d orbital Total electrons Charge/(aC)
N1 1.73 4.16 0. 00 5. 89 —0.142
N(2) 1.73 4. 30 0. 00 6.03 —0.165
Al 0. 87 1. 29 0. 00 2.16 0.134
S 1. 81 4. 60 0. 00 6.42 —0.067
S(2) 1.82 4.60 0. 00 6.42 —0.067
S(3) 1. 82 4. 60 0. 00 6.42 —0.067
S(4) 1.82 4.68 0. 00 6. 50 —0.080
S(5) 1. 83 4.68 0. 00 6.51 —0.082
S(6) 1.83 4.68 0. 00 6.51 —0.082
Zn(1) 0. 56 0. 96 9.95 11. 47 0. 085
Zn(2) 0.58 1. 06 9.97 11.61 0.062
Zn(3) 0.58 1. 06 9.97 11.61 0.062
Zn(4) 0.53 0.95 9.96 11.45 0. 088
Zn(5) 0. 54 0.97 9.96 11.47 0. 085
Zn(6) 0.48 0. 84 9.96 11. 28 0.115
Zn(7) 0.48 0. 84 9.96 11. 28 0.115
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First-Principles Study of Al,N Codoped p-Type ZnS

LI Sheng-Zhi', LIU Jin-Chao' , YANG Xiang-Dong' ,JIANG De-Qiong”

(1. Institute o f Atomic and Molecular Physics ,Sichuan University ,Chengdu 610065,China;

2. Institute of Solid State Physics & School of Physics and Electronic Engineering
Sichuan Normal University ,Chengdu 610068 ,China)

Abstract: The electronic structures of pure ZnS, N-doped and Al-N codoped zinc-blende ZnS were

calculated by using first-principles ultrasoft pseudo-potential approach of the planar wave based upon

the density functional theory,and the band structure,density of states and Mulliken charge population

were studied. The calculated results revealed that N-doped ZnS caused formation of deep N acceptor

levels in the band gap and the carriers(hole) which were provided by N 2p states were localized near

the top of the valence band. But the codoping calculation revealed that the acceptor levels showed

broadening and non-localizing, and the concentration of impurities, the stability of the system were

enhanced. Our calculations indicate that codoping of Al and N is in more favor of the formation of

p-type ZnS,

Key words: density functional theory;first-principles;codoping;electronic structure
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