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Table 1.  Structural lattice constant.
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Fig. 1. 1x1x N supercell model for longitudinal flexoelectricity: (a) Strain-free supercell; (b) supercell with longitudinal strain.
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Fig. 2. Atomic displacement along z direction in 1x1x N supercell: (a) N =12; (b)
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Fig. 3. Mx1xN supercell model for transverse flexoelectri-
city: (a) Strain-free supercell; (b) supercell with transverse

strain.
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Fig. 4. Z displacement of A-atoms and O-atoms in 7 X1xN supercell: (a) N = 8; (b) N =

longitudinal strain along z direction with N =16.
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Fig. 5. Mx1xN supercell mode for shear flexoelectricity:

=
&
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(a) Strain-free supercell; (b) supercell with shear strain.
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various height inside supercell with N = 28.
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Table 2.  Summary of flexoelectric coefficient.
454 w3333 / p3si1/ w1313/
(nCm1) (nCm 1) (nCm)
BaTiO,[16:20] -0.36 1.6 -1.5
SrTiO16:20 -0.89 2.3 -6.6
PbTiO,1 -0.417 — —
SPT!) —2.405 — —
SBT -0.308 9.87 -9.02
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Abstract

The flexoelectric effect describes the coupling of polarization to strain gradient, which has increasingly
attracted interest in perovskite oxide materials. The perovskite oxide superlattice containing epitaxial relaxation
or intrinsic surface tension or curvature, together with its high dielectric constant, is a highly desirable
candidate for high flexoelectricity. In this work, the flexoelectric coefficients of 'SrTiO5/'BaTiO; superlattice,
which is composed of alternating single atomic layers of SrTiO; and BaTiOs, are systematically investigated
with first principle density functional theory calculations. Various supercell sizes are used to minimize the
discrepancy between the gradient values of the fixed atoms and relaxed atoms. It is found that the strain
gradients of the constrained A-site atoms and the relaxed B-site atoms are almost the same when the supercell
sizes are 1x1x24 for longitudinal flexoelectric coefficient, 7x1x16 for transverse flexoelectric coefficient and
3x1x28 for shear flexoelectric coefficient. Calculation results demonstrate that the transverse flexoelectric
coefficient and shear flexoelectric coefficient of 'SrTiOs/'BaTiO; superlattice are about one order of magnitude
larger than its longitudinal flexoelectric coefficient. Even though its longitudinal flexoelectric coefficient
decreases slightly compared with its constituent compounds, both transverse coefficient and shear flexoelectric
coefficient are about several times higher than the counterparts of its constituent compounds, respectively.
Hence, the overall flexoelectric coefficient of 'SrTiO;/'BaTiOs superlattice is enhanced several times in
magnitude. There exist a large number of interfaces inside the perovskite oxide superlattice with alternating
single atomic layers of SrTiO5 and BaTiOj, which potentially stimulate the redistribution of charge carriers,
orbitals and spins of the atoms at the interface and promote the interfacial strain gradient. The stacking order
of the superlattice atoms has a profound influence on the flexoelectric properties. These studies present an
alternative approach to fabricating better flexoelectric materials for the applications of electromechanical

equipment.
Keywords: flexoelectricity, first principles, perovskite superlattice

PACS: 77.65.Ly, 63.20.dk, 68.65.cd DOI: 10.7498/aps.71.20220988

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11874011, 11972051).
1 Corresponding author. E-mail: 41790@hdu.edu.cn

206302-9


http://doi.org/10.7498/aps.71.20220988
http://doi.org/10.7498/aps.71.20220988
mailto:41790@hdu.edu.cn
mailto:41790@hdu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

Sk R H ST T10,/BaTi O, 88 HARURY

M vter Eack Eidae § AR

Flexoelectric effect of perovskite superlattice SrTiO,/BaTiO,

Chen Xu-Min  YePan  Wang Ji-Guang  Huo De-Xuan  Cao Dong-Xing

5| {5 B, Citation: Acta Physica Sinica, 71, 206302 (2022) DOI: 10.7498/aps.71.20220988
TEZR I View online: https:/doi.org/10.7498/aps.71.20220988
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

LR RRIRIGER I HAt S
Articles you may be interested in
AN 13778 AR HUR AL AU TR LaMnO 3/ BaTiO y 1 il % F) i

Dual control of magnetism in LaMnO,/BaTiO, superlattice by epitaxial strain and ferroelectric polarization

YIHLEEHT. 2020, 69(22): 226301 https:/doi.org/10.7498/aps.69.20200839
Nb B BRIR S 1 S PERE 12— VeSS

First principles study of structure and property of Nb5+—d0ped SrTiO,
YrEE2EdR. 2021, 70(22): 227101 hitps://doi.org/10.7498/aps.70.20211241

JCAT Y7 AR B PR L S Aot s FRLSOSTAL BRI 5

Piezoelectric effect mechanism in lead—free tetragonal perovskite short—period superlattices

YIBR2E4f. 2018, 67(7): 077701 https://doi.org/10.7498/aps.67.20172710

A AN RIS P 7 S AR E T e Rk IR A4 25— PSRBT 5

A first—principles study on environmental stability and optoelectronic properties of bismuth oxychloride/ cesium lead chloride van der

Waals heterojunctions

YIBR2A4R. 2022, 71(19): 197901  hitps:/doi.org/10.7498/aps.71.20220544

In{B2% h-LukeO M R AR AL TERE A — P B

First principles calculation of optical absorption and polarization properties of In doped h-LuFeO,

YIBR2A4R. 2021, 70(3): 037101  https://doi.org/10.7498/aps.70.20201287

AR 53 AV HIO BHARREPE RO : 25— S BRAT TS
First principles study of effect of vaiable component Al on HfO, resistance

WIFI2EAR. 2019, 68(11): 113101 https://doi.org/10.7498/aps.68.20181995


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220988
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200839
https://doi.org/10.7498/aps.70.20211241
https://doi.org/10.7498/aps.67.20172710
https://doi.org/10.7498/aps.71.20220544
https://doi.org/10.7498/aps.70.20201287
https://doi.org/10.7498/aps.68.20181995

