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Fig. 1. The perovskite structure of ABO3. A cation, pur-
ple spheres; B cation, cyan spheres; O anion, pink; BOg

octahedron, yellow.
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Fig. 2. The possible crystal structure types of A2 BB’Og oxides: (a) Centrosymmetric alumina corundum structure
(AL), A, B, and B’ are disordered; (b) polar LiNbOg3 (LN) structure, B and B’ are disordered; (c) polar NigTeOg
(NTO) structure, A, B and B’ are ordered with two crystallographically independent A-sites; (d) ilmenite (IL)

structure, B, and B’ are disordered; (e) order ilmenite (OIL), A, B, and B’ are ordered with two crystallographically

independent A-sites; (f) distorted GdFeOgs-type perovskite structure with one crystallographically independent A-

site in AOg coordination. A (purple spheres), B (blue spheres), and B’ (green spheres) are ordered.
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Fig. 3. The crystal structure of LN phase viewing
along [835] direction.
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R Wtk A2 BB Og KXUAE REM, 3 TEARMBLA K Py ERISTH E (27)
Table 1. Polar magnet in double perovskite-like A3 BB’Og oxides; the Py values are predicted unless specified (271,

iR SiRRAY % 21 Ps/pC-cm™2 SCHR
Ni2NiTeOg NTO 1073 K, AP 0.332 [28, 29]
Ni2ScSbOg NTO 1073 K, AP 7 [30]
Ni2InSbOg NTO 1073 K, AP 7 [30]
Mn2ScSbOg NTO 1523 K, 55 GPa 283 [31]
MnyMnWOg NTO 1673 K, 8 GPa 629/69 [32]
MnyFeWOgq NTO 1673 K, 8 GPa 595/678 [33]
MnzFeNbOg LN 1573 K, 7 GPa 32 [34]
MnzFeTaOg LN 1573 K, 7 GPa 23 (34]
MnsFeMoOg NTO 1623 K, 8 GPa 68 [35]
MnsFeMoOg OIL 1623 K, 8 GPa 55 [36]
ZnaFeTaOg LN 1623 K, 9 GPa 50 37]
Zn2FeOsOg NTO Predicted 547 [38]
ScoFeMoOg NTO Predicted 71 [39]
LusFeMoOg NTO Predicted 87 [39]
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Fig. 4. (a) Pyroelectric, (b) polarization, (¢) M-H loop and (d) magnetodielectric properties of NizTeOg [29].
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Fig. 5. The polarization dependent of the magnetic
field. The polarization change robust near the critical
field H, [291.
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Fig. 6. (a) Dielectric constant vs. temperature at
different frequencies, and (b) pyroelectric properties
by polarizing at positive and negative electric field of
Ni3TeOg crystal [40]
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Fig. 7. PFM results on MnaMnWOg [32]: (a) Topography; (b) PFM DART (dual amplitude resonance-tracking)
amplitude; (c) phase; (d) average amplitude (i) and phase (ii) band excitation PFM switching spectroscopy loops

determined from square regions indicated in the phase image (c); remnant (e) negative and (f) positive amplitudes.
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Fig. 8. (a) The magnetic configuration of MnaFeMoOg at 10 K; (b) density functional theory calculations of density
of states (DOS) in the ground-state magnetic configuration projected to Mn1, Mn2, Fe, Mo, and O sites (351,
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Fig. 9. Micro-mechanism of magnetism-induced polarization (441,
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SPECIAL TOPIC — Multiferroicity: Physics, materials, and devices

Multiferroic properties of exotic double perovskite
A>,BB’Og"

Wu Mei-Xia Li Man-Rong!
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Sun Yat-Sen University, Guangzhou 510275, China)

( Received 26 April 2018; revised manuscript received 19 May 2018 )

Abstract

Multiferroic material in which there co-exist at least two of the ferro-phases, namely ferroelectricity, (anti-) fer-
romagnetism, and ferroelasticity, has attracted considerable attention in recent years due to its intriguing physics and
potential applications for advanced multifunctional devices. However, multiferroic materials are rare due to the contra-
dictory requirements between electrical polarization and magnetism. So far, only several compounds have been reported
to show above-room temperature multiferroics. Thus, it is essential to search for new materials. The two most sig-
nificant strategies to obtain multiferroics are 1) to incorporate magnetic transition-metal ions into polar structures to
obtain polar magnets, and 2) to introduce special magnetic structure to drive ferroelectricity (the so-called type-II mul-
tiferroics). Exotic double perovskite-related oxide A; BB'Og with small A-site cations is one of the most extensively
studied multiferroic families in recent years. The small A-site cations give small perovskite tolerance factor (t), and
mostly high-pressure synthesis is required to stabilize the exotic perovskite structure. The crystal structure of exotic
A2BB’Og oxides can crystallize into either the centrosymmetric alumina corundum (AL), ilmenite (IL), or distorted
GdFeOs-type perovskite structure, or the polar LiNbOs (LN), NizTeOg¢ (NTO), or ordered ilmenite (OIL) structure.
The polar LN, NTO, and OIL structures can accommodate magnetic transition-metal ions at both the A and B/B’
sites in octahedral coordination, giving enhanced magnetic interactions and thus robust magneto-electric effect and high
spontaneous polarization as well (usually above 50 pC/ cm ™2, more than twice that in the renown BaTiO3), examples
include the LN-type MnyFeNbQOg, and MnyFeTaOg, OIL-type MnoFeMoOg, and NTO-type MnzFeMoOg, MnaFeWOg,
and MnaMnWOg. These polar magnets show potential multiferroic responses even above room temperature (e.g., fer-
romagnetic ordering temperature up to 340 K in NTO-type Mn2FeMoOg) and magnetoelectric coupling effect as in
Mn2MnWOQOg. Magnetoelectric coupling can also arise in centrosymmetric 1L structure in the absence of helical spin
structure, such as those that are observed in MnyFeSbOg, which exhibits colinear ferrimagnetic spin arrangement but
magnetostriction induced antiferroelectricity. The corundum derivatives (AL, LN, IL, OIL, and NTO) and perovskite
phases are competitive, depending on the electron configuration and synthesis pressure, and usually higher pressure
favors the formation of perovskite structure. Compared with polar magnets in the corundum family, the exotic double
perovskite adopts distorted GdFeOs-type structure (P2;/n) with eight-coordination of the A-sites. In some double
perovskite materials, the electric polarization can be induced by the special magnetic order, such as the 11| magnetic
structure induced type-II multiferroics exemplified by A2CoMnOg (A = Lu, Y, Yb, Lu). In this review paper, we first
compare the structure features of conventional and exotic double perovskite A2 BB’Qg derived from the simple ABO3
analog, then summarize the recent progress of multiferroics in exotic double perovskite family, such as the polar magnets
with transition-metal (Mn and Ni) cations at the A sites, type-1I multiferroic Mn2FeSbOg, and A2CoMnOg (A = Lu, Y,
Yb, Lu). Finally, the problems and prospection of multiferroics in exotic double perovskite A2 BB'Og are also discussed
to give a reference for the future research.

Keywords: multiferroics, exotic double perovskite, polar magnet, magnetoelectric coupling
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