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Abstract

The electronic states of ZnO doped with Al,

Ga and In, which belong to III family elements in

periodic table, were calculated using the density functional theory. In this study, the calculation was

performed by two programs; the discrete variational Xa (DV-Xa) method, which is a sort of molecular

orbital full potential method; Vienna Ab-initio Simulation Package (VASP), which is a sort of pseudo

potential method. The fundamental mixed orbital structure in each energy level near the Fermi level
was investigated with simple model using DV-Xa. The optimized crystal structures calculated by
VASP were compared to the measured structures. The density of state and the energy levels of

dopant elements were shown and discussed in association with properties.
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= 1. Wurtzite ZnO ZA A =@Lx19 2%
9} Wyscoff %71 2 4719l
Table 1. Coordinates, Wyscoff letter and valence
state of independent atoms in wurtzite
ZnO crystal[9].
Valence | Wyckoff
Atom X y z
state letter
Zn 2 2b 1/3 2/3 0
O -2 4b i/3 2/3 0.382
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Fig. 1. The MZn30s (M = Al Ga, Zn) model

used for the structure optimization of
ZnO. Black sphere, dark spheres and
white spheres mean a doping element

atoms, Zn atoms and O atoms,
respectively.
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the electronic state calculations.
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and the unoccupied level, respectively.
The symbol "+ means the anti-bonding
state.
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Comparison of the optimized -crystal
structure calculated by VASP to the
structure measured by experiments.

Al A
3.294
5.280

Table 2.

FEE
a 3.251
c 5.207
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Table 3. Variation of lattice parameters and
atomic coordinates obtained by the
VASP optimization calculation with
doping elements.
no Al Ga In
doping | doping | doping | doping
A2t a 3294 | 3.287 | 3.298 | 3.324
& c 5280 | 5.297 | 5314 | 5378
x| 1/3 1/3 1/3 1/3
dopant 2/3 2/3 2/3 2/3
424 z| 05 |0.4961 | 04972 | 0.5003
#a x| 1/3 1/3 1/3 1/3
O 1yl 2/3 2/3 2/3 2/3
z | 0.3816 | 0.3416 | 0.3603 | 0.3962
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Fig. 4. The energy level diagram and the
density of states (DOS) of Zn0 cal-
culated with the [ZnsOss]* model.
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The energy level diagram of Zn0 and
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(M = atom of periodic family III) model.
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