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Abstract

The electronic structure of ZnO oxide semiconductor having high optical transparency and good

electric conductivity was theoretically investigated by DV-Xa (the discrete variation Xa) method, which
is a sort of the first principle molecular orbital method using Hatre-Fock-Slater approximation. The
electrical and optical properties of ZnO are seriously affected by the addition of impurities. The
impurities are added to ZnO in order to increase the electric conductivity of an electrode without losing
optical transparency. In this study, the effect of impurities of Il and IV family on the band structure,
impurity levels and the density of state of ZnO were investigated. The cluster model used for
calculations was [MZnsOss] 2 (M = elements belonging to III and IV family).
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Fig. 1. The [Znsi00ssl™ cluster model used for
the electronic state calculations. Small and large
spheres mean Zn atoms and O atoms,
respectively.
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Fig. 2. The enery level diagram of ZnOs with
Cs symmetry. Solid lines and dotted lines
indicate the electron occupied level and the
unoccupied level, respectively. * means the
anti-bonding state.
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Fig. 3. The energy level diagram and the
density of state (DOS) of ZnO calculated with
the [Znsi0ss]*” model.
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Fig. 4. The energy level diagram of Zn0 and
the partial density of state (PDOS) of impurities
calculated with the [MZnsOsl* (M = atom of
periodic family III) model.
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Fig. 5. The energy level diagram of Zn0 of
Al” ion impurity calculated with the
[AlZnssOssl*” model.
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Fig. 6. The energy level diagram of Zn0 and
the partial density of state (PDOS) of impurities
calculated with the [MZnsoOss]*” (M = atom of
periodic family IV) model.
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