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Analysis thermodynamic properties of intrinsic point defects in Y,03
crystal based on the First-Principle

WANG Bingjia, LIU Tingyu, YAO Juntao
(Colloge of Science, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The lattice constant, vibration entropy, thermodynamic transition energy level and intrinsic
point defect formation energy in Y,0; crystal were studied by computer simulations with VASP and
GULP softwares. Considering the contribution of lattice vibration entropy, the formation energy of
defects in the form of vacancies, interstitial and antisite with the changes in temperature and oxygen
partial pressure was investigated. The results show that with the increase of temperature and oxygen
partial pressure, the most stable defects near the top of the valence band is Y,"*", and the most stable
defect near the bottom of the conduction band changes from V;’ to O;'. The calculations also prove that
the type and concentration of oxygen vacancies can be adjusted by varying the temperature and
controlling the oxygen partial pressure. In addition, the point defects distribution varying with
environmental conditions was clearly presented by using two and three dimensional diagrams, which

provides the theoretical basis for crystal growth and annealing environment selection.
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oxygen atoms at 48e)
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Tab.1 Two-body potentials parameters in the GULP software
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Tab.2 Calculated and experimental results of Y,0; crystal
structure based on the first-principle
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Fig.2 Vibration entropy ( TAS,;,) of different defects with the
change of temperature
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Fig.3 Schmatic diagram of the thermodynamics defect
transition levels of Y,0; crystal
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Fig.4 Schematic diagram of the point defect formation energy of Y,0; considering the influence of vibration entropy
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