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Fig. 1. Theoretical calculation model of the double-

layer perovskite ferroelectric superlattice.
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Fig. 2. Diagram of ground state structure of lead-free double-layer perovskite ferroelectric superlattice: (a) Ba-
TiO3/SrTiOs; (b) KNbO3/KTaOs; (¢) BaTiO3/KNbOs.
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Table 1. Lattice constants (A), effective charges (e)
of the ground state of the tetragonal BaTiO3/SrTiO3,
KNbO3/KTaO3 and BaTiO3/KNbO3 superlattices.

BaTiO3/ KNbO3/ BaTiO3/

SrTiOg KTaOsg KNbOs3
a 3.908 3.980 3.974
c 7.814 7.961 7.984
Z34(A1) 2.712 1.078 2.409
Z34(A2) 2.541 1.077 1.206
Z34(B1) 7.469 9.108 8.007
Z34(B2) 7.466 10.060 8.932
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Fig. 3. The displacement from the center of the corresponding O12 cage and Og cage versus c-axis strain: (a) Ba-
TiO3/SrTiOs; (b) KNbO3/KTaOs; (¢) BaTiO3/KNbOs.
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Fig. 4. Born effective charges along z diection Z3; of A and B atoms versus c-axis strain: (a) BaTiO3/SrTiOsz;

(b) KNbO3/KTaO3; (c) BaTiO3/KNbOs.
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Fig. 5. Average Born effective charges along xy diection Z3; of A and B atoms versus c-axis strain: (a) Ba-

TiO3/SrTiOs; (b) KNbO3/KTaOs; (¢) BaTiO3/KNbOs.
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Fig. 6. Unit cell volumes of BaTiO3/SrTiO3, KNbO3/
KTaO3 and BaTiO3/KNbO3s superlattices versus c-

axis strain.
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Fig. 7. Total polarization of superlattices and polarization contribution of A and B atoms versus c-axis strain.
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Abstract

There is no relevant research on the relationship between the piezoelectric behavior of superlattice and the in-
ternal cations. In this paper, by the first-principles method of density-functional theory, we study the polarizations
and piezoelectric contributions of cations A and B in three lead-free tetragonal perovskite ferroelectric superlattices
(BaTiO3/SrTiOs, KNbO3/KTaO3 and BaTiO3/KNbO3). By calculating atomic structures and atomic Born effective
charges of three superlattices under different axial strain conditions (—0.15-0.15 A), the polarization and piezoelectric
coefficients of superlattices and internal cations are obtained. With the axial compressive strain changing from —0.15
to 0 A, the variations of displacements D(A) and D(B) of cations A and B in lead-free superlattices are very small,
and displacements D(A) and D(B) significantly increase as the axial tensile strain (0-0.15 A) is applied, indicating that
the axial compressive strain is not beneficial to the ferroelectric displacement in the tetragonal superlattice, especially
in BaTiO3/SrTiO3 nor KNbO3/KTaOs3 superlattices. The tetragonal ferroelectric superlattices BaTiO3/SrTiOs and
KNbO3/KTaO3 may be unstable under the condition of the axial compressive strain, and only the axial tensile strain
can promote the existence of tetragonal phase in superlattice. As the axial strain is applied, Born effective changes of
A-site cations in three lead-free tetragonal superlattices are small, and Z33(B) gradually declines, and Z;,(B) contin-
ually rises. The axial strain induced charges are transferred from the B-site cations to O atoms along the c-axis, and
the charges are transferred from O atoms to B-site cations along the xy direction. The variation rate of Born effective
charges under the condition of the axial tensile strain is greater than under the condition of the axial compressive strain,
especially in superlattices BaTiO3/SrTiOs and KNbO3/KTaOs3, showing that the axial tensile strain is more beneficial
to the redistribution of atomic charges in the superlattices. Under the condition of the axial compressive strain, the total
polarizations of superlattices BaTiO3/SrTiO3 and KNbO3/KTaOs are close to zero; while polarizations of superlattices
BaTiO3/KNbOs gradually increase with the axial compressive strain varying from —0.15 to 0 A. There are atomic
ferroelectric displacements in superlattice BaTiO3/KNbOs3, and the interaction between BaTiOgz ferroelectric layer and
KNbO3 ferroelectric layer contributes to the generation of ferroelectric behavior. When the axial tensile strain (0-0.15 A)
is applied, the polarization contributions of B-site cations in superlattices BaTiO3/SrTiOs and KNbO3/KTaOs3 increase
significantly, especially the polarization contributions of B-site cations Ti, Nb and Ta, and the total polarization is ob-
viously improved. The effect of the tensile strain on polarization of BaTiO3/KNbOj is smaller than on polarizations of
BaTiO3/SrTiO3 and KNbO3/KTaOs. The interaction between two ferroelectric layers in BaTiO3/KNbQOg contributes to
the redistribution of atomic charges, and alleviates ferroelectric displacements of atoms to some extent. The polarization
contribution of B-site cations is largest, because of their large Born effective charges and ferroelectric displacements.
When the tensile strain reaches a certain threshold, tetragonal superlattices will present obvious piezoelectric behavior.
With the tensile strain increasing, total piezoelectric coefficient dss and piezoelectric contributions of A, B-site cations

both increase. The piezoelectric behaviors of lead-free superlattices are mainly attributed to the B-site cations.

Keywords: lead-free perovskite ferroelectric superlattice, polarization, piezoelectric coefficient, first-

principles calculation

PACS: 77.55.Px, 77.65.Bn, 77.65.Ly, 77.22.Ej DOI: 10.7498/aps.67.20172710

* Project supported by the National Natural Science Foundation of China (Grant No. 11372085) and the Shenzhen Science
and Technology Project, China (Grant No. JCYJ20150625142543461).

1 Corresponding author. E-mail: zhuzy@hit.edu.cn

077701-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172710

	1引    言
	2计算方法和模型
	2.1 计算方法
	2.2 理论模型
	Fig 1


	3结果与讨论
	3.1 无铅钙钛矿铁电超晶格基态结构
	Fig 2
	Table 1

	3.2 无铅钙钛矿铁电超晶格原子结构
	Fig 3

	3.3 无铅钙钛矿超晶格原子Born有效 电荷分析
	Fig 4
	Fig 5

	3.4 无铅钙钛矿超晶格的极化性能
	Fig 6
	Fig 7

	3.5 无铅钙钛矿超晶格的压电性能
	Fig 8
	Fig 9


	4结    论
	References
	Abstract

