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Stabilization of Highly Polar BiFeO3-like Structure: A New Interface Design Route for 

Enhanced Ferroelectricity in Artificial Perovskite Superlattices

Scientific Achievement
By combining Aberration-corrected high-resolution transmission

electron microscopy (HRTEM) experimental and first-principles

approaches, we report the stabilization of the highly polar BiFeO3-

like phase of CaTiO3 in a BaTiO3/CaTiO3 superlattice grown on a

SrTiO3 substrate.

Significance and Impact
In ABO3 perovskites, oxygen octahedron rotations are common

structural distortions that can promote large ferroelectricity in

BiFeO3 with an R3c structure but suppress ferroelectricity in

CaTiO3 with a Pbnm symmetry. For many CaTiO3-like

perovskites, the BiFeO3 structure is a metastable phase. This

scheme introduces a conceptually novel way to design artificial

ferroelectric materials. By predicting some new materials, we

demonstrate this approach of exploring novel functional materials.

a large number of perovskites with the CaTiO3 structure type,

which include many magnetic representatives, are now good

candidates as novel highly polar multiferroic materials.

Research Details
(1) Appearances of both BiFeO3-like and CaTiO3-like phases and the

transition from one to the other as functions of oxygen octahedral

rotations in strained bulk CaTiO3 by theory. (2) Computed local

properties associated with ferroelectric and nonpolar modes in

6BaTiO3/6CaTiO3 superlattice and schematic plots for the atomic

displacements of the oxygen octahedron rotation and ferroelectric

modes. (3) Experimental and simulated HRTEM images showing

oxygen octahedral tilts in the 4BaTiO3/4CaTiO3 superlattice film grown

on a STO substrate along [110]. (4) Predicted new strongly

ferroelectric perovskite materials.
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Perovskites only dominated by FE distortion: BaTiO3, PbTiO3, …

 Strong FE instability, polarization ~ 27 µc/cm2

 Only FE structural distortion develops at room temperature

 Without any oxygen octahedron rotations

Г4
− 𝑠𝑙𝑎𝑡𝑒𝑟
FE mode

Introduction: Octahedron rotations and FE in perovskites
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CaTiO3(CTO)-like

CTO of Pbnm

Perovskites: oxygen octahedron rotations and tilts: more common
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BiFeO3(BFO)-like

BFO of R3C

Out of phase

Rotation

(a0a0a-)

Tilts

(a-a-a0)

Perovskites: oxygen octahedron rotations and tilts: more common
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BiFeO3(BFO)-like

BFO of R3C

Out of phase

Rotation

(a0a0a-)
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Perovskites: oxygen octahedron rotations and tilts: more common

Strongly favored FE

 Curie temperature ~ 1100 K

 Neel temperature ~ 643 K

 Polarization ~ 90 𝜇𝑐/𝑐𝑚2
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CTO-like BFO-like

Widespread ! Relative rare !

Out of phase

Rotation

(a0a0c-)

Tilts
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𝑅𝑧
𝑖 : in phase rotation

𝑅𝑧
𝑜: out of phase rotation

𝑅𝑥𝑦: OOR tilt

𝐴𝐹𝐸𝑥𝑦: in plane antipolar

𝐹𝐸𝑥𝑦: in plane FE

𝐹𝐸𝑧 : out of plane FE

Model Hamiltonian

“CTO-like” 

CTO on SrTiO3 

substrate

In phase

Rotation

(a0a0c+)

Tilts

(a-a-c0)

N. A. Benedek and C. Fennie, Why are there so few perovskite 
ferroelectrics, J. Phys. Chem. C 117, 13339 (2013).



Model Hamiltonian

“BFO-like” 

CTO on SrTiO3 

substrate

Out of  

phase

Rotation

(a0a0c-)

Tilts

(a-a-c0)

𝑅𝑧
𝑖 : in phase rotation

𝑅𝑧
𝑜: out of phase rotation

𝑅𝑥𝑦: OOR tilt

𝐴𝐹𝐸𝑥𝑦: in plane antipolar

𝐹𝐸𝑥𝑦: in plane FE

𝐹𝐸𝑧 : out of plane FE
J.L. Blok, K.M. Rabe, D. Vanderbilt, D.H.A. Blank, and G. Rijnders, 
Phys. Rev. B 84, 205413 (2011).

Wang et al Phys. Rev. X. 6, 011027 (2016). 
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Ground state strained CaTiO3: “CTO-like” Metastable strained CaTiO3: “BFO-like”

Assuming the oxygen octahedron 
rotation and tilt are tunable parameters
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Phase stabilities of ground state CTO “CTO-like phase” and metastable 

CTO “BFO-like”  
Natural 

ground state

∆𝑬 > 𝟎 “CTO-like” stable
∆𝑬 < 𝟎 “BFO-like” stable

Tilts
Rotation
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“cubic-like” non 

polar perovskite

“CTO-like” non polar

perovskite “BFO-like” polar phase

A’BO3
A”BO3 1A’BO3/1A”BO3Out of phase 

rotation

In phase 

rotation

tilt


