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(A’BO3)m /(A" BO3)m TR GHIFIAE A'O JZEARAE A”O J2T5 AL R EARW, AP AERAL; () Rom 17— %01, BIZn 5 m [H
HAE, (A’ BO3)m /(A" BO3)m &M LA AEF R E; (d) Rt n 5 m iR AFETFEER, (A’BO3)m/(A”BO3)m
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Fig. 1. Sketches of the antipolar displacements leading to hybrid improper ferroelectricity in the (A’BOs3)1/(A”" BO3); and
(A’BO3)m /(A" BO3), superlattice grown along [001] direction with both A’BOs and A” BO3 having an a~a~c? tilting
pattern. Panel (a) shows the antipolar displacement in the case of the (A’BO3)1/(A” BO3)1 along [110] direction. The lack
of full compensation between the motions of the A’ and A" atom (represented by arrows of different lengths) leads to hybrid
improper ferroelectrics. Panel (b) corresponds to the case when both n and m are even and shows that no polarization exist
since antipolar motions precisely cancel each other in the A’O and A" O layers. Panel (c) shows the unique case in which hybrid
improper ferroelectrics can occur, that is when n and m are both odd. Panel (d) represents the case when n and m are of
different parity, which also results in a vanishing polarization. Panel (e) provides the magnitude of the polarization of (001)

(LaFeO3)m /(YFeO3)., superlattices as a function of lanthanide composition for different combinations of n and m 6],
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BN, B R3Y BT R ARG, B B RS 2 (P24
X R 2 TR ) (AR AL 5 B R T K. B3 (b) 4
T AN [F) A0 25 e 2 A T A T & S I b A
] BT 52 00 F A A 5 (W a, el 77 0] JE 30 427 33
WAt 1), LA HAIERTA % /181 b R3T B 1 Fr
WA 5 S AL, 7 AP AT T b A T ELRE A
R3T B AR N, Fr 2 b oG K. Bt n]
DAfS thgiie: LM 2ARIEGL T, ReaNiMnOg/
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2 RoNiMnOg/LaoNiMnOg #fh% P21 &L (a), (b) 2 58S 4 ERITRALE, Last, R3T) Ni2t, Mntt K 02~ &5
FoaAg e Rt Gt R A RO GIRFR; NiOs Fl MnOg 4331 F i 4 RS € )\ T (R ¥ b 37 1, AH T Lad+ 710 ek
PSR 81, R3T BT IR ABALRE 62 K/, X —k3y 50 M AR Bk AR AL = AL ORISR itk sh RO SFIEI Y B3 W o 7 T 1y S 42k v
RiF T 463 K1 —83 Fo (011

Fig. 2. P2y ground state of the studied RoNiMnOg/LasNiMnOg superlattices. (a) Representation in three dimensions. (b) Rep-
resentation in the (a,b) plane. The La3t, R3*+, Ni2t Mn**t and O2?~ ions are displayed as green, orange, cyan, purple and red
spheres, respectively. The NiOg and MnOg octahedra are displayed using cyan and purple octahedra, respectively. The largest
magnitude of the antipolar displacement (82) of the R3%t ions with respect to those (§1) of the La3t ions along the b axis is
schematized here to emphasize that this inhomogeneity is the microscopic reason for the creation of the electrical polarization. The

antipolar displacements along the a axis of the R ions within the RO plane (denoted as +683 and —83) (617,

10 T T 010 T T
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E3  #LsTFAAR b RoNiMnOg /LaaNiMnOg # fib % 25 ¥4 14 5

(a), (c), (d) B HALMALME T R2NiMnOg /LazNiMnOg #

BE AL T P2y FEAS I BT U (1) AR AL 58 B (3£ T Berry phase t15) BALSREE (T = 0 K) FORRE -5k 0 4% A 0 B (O T 545 R & L),
(b) KMALM T ReNiMnOg/LagNiMnOg #dh#% H La3t, R3F, Ni2t, Mot & O2~ By b J5 RIATSZ (0734 775 BER (R Sl A& 3 0k
LagoNiMnOg 4T P2y /n IFHLZSI BT S M 4G (d) TEEKTE B R A LagNiMnOg FITEE B ig s (110,111]

O (a), (c), (d) The

predicted electric polarization (as computed from Berry phase), magnetization (at 7' = 0 K) and paramagnetic-to-ferromagnetic

Fig. 3. Properties of R2NiMnOg/LasNiMnOg systems as a function of the rare-earth ionic radius | a),
transition temperature (as calculated by Monte Carlo simulation) in the relaxed P2; ground state of the superlattices, respec-
tively; (b) the average forces (along the b direction) on La3t, R3%, Ni?*, Mn*t and O2~ ions in the unrelaxed state of the
R3yNiMnOg /LazNiMnOg superlattice, for which the lattice parameters and atomic coordinates are those of the paraelectric P21 /n
state of LagNiMnOg and for which the R ions occupy the second AO layer of Fig.1 (a); the blue horizontal dashed line in (d)

represents the magnetic Curie temperature of LagNiMnOg bulk.
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Fig. 4. Spin configurations yielding the ferroelectric polarizations are shown for two sublattices of magnetic ions
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7S AR Rk B A, AT RSO IR R S R A
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355 T e € HEH3E B FR P, Rl T
BB IR SRR R 26 ) « 58 27 2kl (52,

P//—c M//—a

(a), (b), (c) ' G BBk B F B2 A3 Ponm

in the rare earth perovskites 39, In (a)—(c) the dominant G-type antiferromagnetic vectors are along a,b and ¢

directions of Pbnm phases, respectively. The bigger blue spheres represent the rare earth, and the smaller cyan

spheres represent the transition metal ions.
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Fig. 5. Schematic of the Fe3t spin arrangement in the studied Xo magnetic monodomains and some Xn-m mul-
tidomains of SmFeO3 for (a) G, (b) C, (c¢) A, and (d) F. The green planes locate the domain walls, while blue and

red arrows represent spin up and spin down, respectively
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Fig. 6. Computed magnitude of the electrical polarization for the various studied combinations of n and m in the
(a) Gn-m, (b) Cn-m, (c) An-m, and (d) Fn-m structures [124],
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Fig. 7. Displacements of oxygen ions (represented by
black arrows) located at domain walls (represented by
green lines) in the (a) G3-3 and (b) G4-4 spin con-
figurations which contain 3 FeOz planes and 4 FeOq

planes in each domain, respectively [124]
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Abstract

Perovskite oxides show many potential applications in the research fields of emerging materials and devices for
electronics, information and communication because of their rich functionalities, e.g. magnetic, ferroelectric, multiferroic,
mechanical and optical properties. Among them, ferroelectricity is currently being studied intensively due to the existence
of many different mechanisms, and the coupling with magnetism and strain. In contrast to the proper ferroelectricity
in which the polarization is the main order parameter as the driving force, the improper ferroelectricity possesses the
ferroelectric polarization that becomes a secondary order parameter induced by other orders. In this review, we focus
on the inorganic perovskite oxides to summarize the recent research progress of the improper ferroelectricity in general,
but we review the magnitude of polarization, and the generation mechanism of improper ferroelectricity in perovskite
superlattice, double perovskite structures and a specific SmFeO3 single crystal possessing antiferromagnetic domain walls

in particular. This review will hopefully provide routes to systematically understanding the improper ferroelectricity.

Keywords: perovskite, improper ferroelectricity, superlattice, antiferromagnetic domain wall

PACS: 75.85.4+t, 75.30.Kz, 75.70.Kw, 77.80.—¢ DOI: 10.7498 /aps.67.20180936

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51672171, 11274222), the Fund of
the State Key Laboratory of Solidification Processing in NWPU, China (Grant No. SKLSP201703), the National Key
Basic Research Program of China (Grant No. 2015CB921600), the Fok Ying Tung Education Foundation, and the Eastern
Scholar Program from Shanghai Municipal Education Commission, China.

Corresponding author. E-mail: renwei@shu.edu.cn
1%

157504-13


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180936

	1引    言
	2超晶格结构诱导非常规铁电
	Fig 1
	Fig 2
	Fig 3


	3反相磁畴壁诱导非常规铁电
	Fig 4
	Fig 5
	Fig 6
	Fig 7


	4结    论
	References
	Abstract

