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Table 1 All symmetrically distinct alloy configurations and degen-eracy factor in wurtzite 2x2x1, zinc-blende and rocksalt 2x1x1 supe- rcells
2x2x1(Wurzite) 2x1x1(Zinc-blende) 2x1x1(Rocksalt)

No x a1 9 No x ] I No x ] I
1 0 1 1 0 1 1 0 1
2 0.125 8 2 0.125 8 2 0.125 8
3 0.25 12 3 0.25 16 3 0.25 16
4 0.25 12 4 0.25 4 4 0.25 4
5 0.25 4 5 0.25 4 5 0.25 4
6 0.375 24 6 0.25 4 6 0.25 4
7 0.375 24 7 0.375 16 7 0.375 16
8 0.375 8 8 0.375 16 8 0.375 16
9 0.5 6 9 0.375 16 9 0.375 16
10 0.5 8 10 0.375 8 10 0.375 8
11 0.5 24 11 0.5 4 11 0.5 4
12 0.5 24 12 0.5 8 12 0.5 8
13 0.5 6 13 0.5 32 13 0.5 32
14 0.5 2 14 0.5 8 14 0.5 8
15 0.625 24 15 0.5 4 15 0.5 4
16 0.625 24 16 0.5 8 16 0.5 8
17 0.625 8 17 0.5 4 17 0.5 4
18 0.75 12 18 0.5 2 18 0.5 2
19 0.75 12 19 0.625 16 19 0.625 16

20 0.75 4 20 0.625 16 20 0.625 16

21 0.875 8 21 0.625 16 21 0.625 16

22 1.0 1 22 0.625 8 22 0.625 8
- - - 23 0.75 16 23 0.75 16
- - - 24 0.75 4 24 0.75 4
- - - 25 0.75 4 25 0.75 4
- - - 26 0.75 4 26 0.75 4
- - - 27 0.875 8 27 0.875 8
- - - 28 1.0 1 28 1.0 1

%2 ZnO 1 MgO =F A& MM SRS WMBETRE
Table 2 Lattice parameters for three ZnO and MgO phase structures
wE) M4 K a (0.1 nm) ¢ (0.1 nm) u (0.1 nm) AT (eV)
wz-ZnO 3.183 5.152 0.382 0.80
ZnO zb-ZnO 4.270 - - -
rs-ZnO 4.209 - - 1.08
wz -MgO 3.304 4.966 0.385 3.43
MgO zb-MgO 4.302 - - -
rs-MgO 4.206 - - 4.55
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Lattice parameters of Zn,_,Mg,O alloy. (a) Dependence of a-axis on Mg concentration, (b) dependence of c-axis on Mg concentration.
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Figure 2 Energy band gaps of Zn,_,Mg,O alloy as a function of Mg
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Figure 3

(a) Mg-content dependence of formation enthalpies for Zn,_.Mg,O with rs- and wz-structures, (b) Mg-content dependence of forma-

tion enthalpies for Zn;_,Mg,O with zb- and wz-structures.
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The VASP (Vienna Ab-initio Simulation Package) that based on the density-functional theory (DFT) method
combined with local density approximation (LDA) is used to calculate the lattice parameters, band gap, and formation
enthalpy of Zn,_Mg,O alloy taking all the doping configurations into account. The calculation results indicate that
the average parameters of wurtzite (wz) Zn;_ Mg,O alloy, a and ¢, don’t follow the Vergard’s law. With increasing
the Mg content, the band gap is increased and the variation of band gap can be fitted by Eg=3.43+2.24x+0.68x2, which
is in agreement with the experimental results. The difference of E, values in different doping configurations is the
main reasons to widen the photoluminescence spectra of Zn,;_ Mg,O alloy. By comparing the formation enthalpy of
wurtzite Zn; Mg, O with those of zinc blende and rocksalt Zn; ,Mg,O alloys, we find that the Zn, Mg,O alloy will
transit from wurtzite phase into rocksalt beyond x=37.5% and wurtzite Zn,_,Mg,O phase can be coexistence with that
phase of zinc blende Zn,_Mg,O alloys at special growth condition.

Zn,_ Mg, O alloy, doping configurations, structure stability
PACS: 71.20.Be, 71.15.Mb, 71.15.Dx
doi: 10.1360/132012-839

947



