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Thermodynamics of Native Point Defects Formation in ZrO, Crystal with First Principles

LI Haixin, LIU Tingyu, LIU Jian, LIU Fengming
(College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract:The rules of the point defects formation change with the Fermi energy were discussed based on the first principles and
thermodynamic calculations for the relative point defects formation in ZrO, at different temperatures and oxygen partial pressures.
The most stable defects emerge as Ves, O;'and V3 when the Fermi level increases from 0 to 5.40eV at room temperature and a low
oxygen partial pressure. The major defects are Vo and O;, when the Fermi level is similar to the VBM of ZrO,. The types of the stable
intrinsic point defects at different temperatures and oxygen partial pressures were analyzed. The most stable intrinsic defect as a
function of the Fermi level, oxygen partial pressure and temperature are determined in the three-dimensional defect formation
enthalpy diagrams. This diagram will provide the information for controlling the point defects in the crystal.
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Fig. 1 Structure of m-ZrO, crystal containing 12 atoms
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Fig. 2 Calculated defect transition levels ¢ (defect q./q,) for
the intrinsic defects in ZrO, Experiment band gap value
is 5.40eV
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Fig. 4 DFE of point defects are described as a functin of oxygen partial pressure, temperature and Fermi level
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