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Fig. 1. Representative structures of perovskite and layered perovskites: (a) Cubic-SrTiOs with simple perovskite
structure; (b) CsLaNb2O7 with n = 2 D-J structure; (¢) Sr3TioO7 with n = 2 R-P structure; (d) tetragonal

BisSrTaoO7 with n = 2 Aurivillius structure (22],
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Fig. 2. Symmetry mode decomposition of the (a) paraelectric to (b) ferroelectric structure in R-P A, AB2O7,

and (c) the representation of antiferrodistortion displacements (X) at every layer and the total ferroelectric

polarization (Piota)) in the structure [16],
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Fig. 3. Planar electric polarization of Cag_,Sr;Ti2O7 single crystals at room temperature: (a) and (b) Crystallo-

graphic structure of Cag_4SrzTi2O7 with the orthorhombic A21am space group (the layered perovskite structure

consists of a perovskite (P) block and a rock-salt (R) block); (c) photographic and (d) circular differential interfer-

ence contrast image of a cleaved (001) surface of a Cag 46Sro.54Ti2O7 single crystal; (e) ferroelectric hysteresis loops
of Caz—_4SryTi2O7 (z = 0, 0.54, 0.85) single crystal along [110] orientation; (f) schematic picture of our IP-PFM

measurement (241,
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Fig. 5. Orthorhombic twin domains and switchable electric polarization of a polycrystalline Sr3SnaO7 specimen

at room temperature: (a) Polarized optical microscope images of the polished surface in a transmission mode;

(b) electric polarization (P) and compensated current (I) versus electric field (E) hysteresis loop by a PUND
method; (¢) XRD pattern of Sr3SnaO7 at 285 K; (d) and (e) c-direction and b-direction views of the ferroelectric

a~a~c* distortion in Sr3SnyO7 U1,
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Fig. 6. Phase diagram of polycrystalline (1 —2)(Sro.4Cag.6)1.15Tb1.85Fe2O7_;CazTi2O7 (0 < < 0.30) and the occurrence

of magnetoelectric coupling in the polar and weak ferromagnetic region: (a) Dependence of crystal structure, magnetic

structure and magnetization on composition and temperature; (b) cross section of the phase diagram at 300 K (saturated

magnetic moment per Fe plotted with calculated polarization showing the simultaneous emergence of magnetization and

polarization as x increases); (c) linear magnetoelectric susceptibility versus composition at 60 and 100 K showing that the

magnetoelectric coupling increases with polarization (311,
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SPECIAL TOPIC — Multiferroicity: Physics, materials, and devices

Hybrid improper ferroelectricity and multiferroic in
Ruddlesden-Popper structures”

Liu Xiao-Qiang Wu Shu-Ya Zhu Xiao-Li Chen Xiang-Ming'

(School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

( Received 9 February 2018; revised manuscript received 13 March 2018 )

Abstract
Hybrid improper ferroelectricity (HIF) is a secondary ferroelectric ordering induced by the coupling between oxygen
octahedral in-plane rotation and out-of-plane tilt in a metal-oxide containing the perovskite structure units. Investigation
of HIF will greatly extend the connotation and denotation of ferroelectric physics and material science, and it is expected
to develop the room temperature single phase multiferroic material with large polarization and strong magnetoelectric
coupling, owing to its intrinsic characteristic of the electric-field control of magnetism through HIF in magnet. In the
present paper, the recent primary progress of HIFs and the multiferroics with Ruddlesden-Popper structures is reviewed,

and the perspective of the future development is also presented.

Keywords: multiferroic, hybrid improper ferroelectricity, oxygen octahedron tilt, Ruddlesden-Popper

structure

PACS: 75.85.4+t, 77.80.—¢, 77.80.B— DOI: 10.7498/aps.67.20180317
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