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Effects of Strain on Defects and Polarization in Tetragonal BaTiO3
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(1. Faculty of Materials, Optoelectronics and Physics, Xiangtan University, Xiangtan 411105, China; 2. Key Laboratory of Low
Dimensional Materials & Application Technology, Ministry of Education, Xiangtan 411105, China)

Abstract: The first-principle methods are used to calculate the effects of in-plane strain on the formation energies
of neutral vacancies. It is shown that the formation energies of neutral O vacancy increase with compressive strain,
while decrease for tensile strain. In other words, the O vacancy can be suppressed by compressive strain, which is
contributed to the variation of the Ti-O bond. The formation energies of Ba—O divacancies and polarization of the
tetragonal BaTiO; are studied under different strain conditions. The strain changes the formation energies of Ba—O
divacancies and the polarization of the systems containing Ba-O divacancies. More over, the results show that the
polarization offset increases gradually when the strain changes from tensile to compressive strain. In other words
the polarization imprint of BaTiO; increase under compressive strain, but the changes are slight and negligible.
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Table 1 Structural properties and macroscopic polarization
of the tetragonal BaTiO3

Exprimental'® PBE!'” PBEsol!"® Calculated

a/nm 0.3991 0.4013  0.3971 0.3974
¢/nm 0.4035 0.4153  0.4054  0.4055
ATi 0.0224 0.018  0.015 0.0168
AOT -0.0244  -0.039 -0.028  —0.0256
AOTI -0.0105  -0.027 -0.017  —0.0151
V/nm? 0.06427  0.0669 0.06394  0.06403

P/(uC-cm™) 27018 39 31.4 31.6

Where a and c are the lattice parameters, V is the unit cell
volume, and ATi, AO I and AO II are the atomic displace-
ments parallel to z axes
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Fig. 1 Variation of spontaneous polarizations with in-plane
strain, line is calculated using Eq.(1)
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Fig. 3 Formation energy of neutral vacancies at each equilib-
rium point
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