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Fig. 1. Schematic illustration for the crystal structure of A-
site ordered perovskite AA% B40O12. The corner-sharing BOg

octahedra and spatially isolated A’O4 squares are shown.
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SERIREESE BRI R, LMCO i 1R T S
BRI 100%, 2 B IRAAE = R i 2k 15 2
TEAATFRE I LMCO.

Intensity /arb. units

L e e e e A e A N e R R N R R R AR R RN R AR AR R R R R RA R R AA N
——
lIO 2IO 3I0 4IO 5I0 GIO 7I0
20/(°)

B2 LMCO i SXRD Filf & JoRs 45 5t (261, Horh S (i )
10 2R £ it 2 43 ) R SR A THEE AT e A A 2
fH; BEOEBFRR Im-3 25 (AR UK Bragg ATH G FTAERI L8
Fig. 2. SXRD pattern and the refinement results of
LMCO 26, The observed (black circles), calculated (red

line), and difference (blue line) were shown. The ticks indi-

cate the allowed Bragg reflections in Im-3 symmetry.

157505-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 15 (2018) 157505

R LA A T 45 R PO LMCO 7 150 K
(Tna) M50 K (Two) W3 ¥ A2 T I 8k ik AH A2
AT HE — 28 R H] 22 fE 48 4980A-LCR L MF %, 1E
1 MHz ) 555 T, 3£ F] F Quantum Design 23 &
FIP N = R 4 (physical property measurement
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Fig. 3. Temperature dependence of (a) dielectric con-

stant €, (b) pyroelectric current I, and (c) ferroelec-
tric polarization P of LMCO 18],
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M 15 uC/m? BN % 68 uC/m? (K4 (b)). LA ks
5 B LMCO J& —Fi B A S35 1 FE R A 2508 18
T Z B VEADRL.
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L (a) H//E |
75—30 K, +poled

_(b) H//E ]

30 35 40 45 50

T/K
K4 LMCO AR TH (a) BRI I, 71 (b)
R AL AP BRI AR L 18]
Fig. 4. Temperature dependence of (a) pyroelectric

current I, and (b) net polarization AP of LMCO at

selected magnetic fields [18].
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(a) (b)

K5 (a) LMCO/BMCO ' B fii Cr3+ B [111] Ak
e G B RBRRLY; (b) LMCO/BMCO 1 A” fif Mud+ B 74
(111] J7RTERL G B R EHEFF; (c) LMCO/BMCO i Cr3+
A Mn3+ B4 E g i (22

Fig. 5. (a) The G-type AFM structure along the [111]
direction for the B-site Cr-sublattice in LMCO/BMCO;
(b) the G-type AFM structure along the [111] direction
for the A’-site Mn-sublattice in LMCO/BMCO; (c) a com-
plete set of spin alignment composed of Cr and Mn spins
in LMCO/BMCO [22],
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< RS 125 K5 48 KR A B9 P AN AR 22 359 0 S Bkl
Z o5t FIAZ. ARAERE 5 B NPD SL40 4 R AT R, 125 KRR
e Li! FAZ B AL Cr3t B 71 B e A P BT sk, 148 K
O T T T TR i it A2 B R AH A8 T BT A 45 9 A7 AL MnSt B 110
1I0.2IO‘3IO.4IO.5IO.6I0.7IOI @iﬁéﬁﬁﬁ
20 0.09 25
Bl6 BMCO [ SXRD [t S Fokb s st 5 221 Jepor g '
V5 V] € B 20 0 7 €0 1 2 20 0 s S TH SR A e 7
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Fig. 6. SXRD pattern and the refinement results of % =
BMCO 22, The observed (red circles), calculated = =
(blue line), and difference (cyan line) were shown. The
ticks indicate the allowed Bragg reflections in Im-3
symmetry.
21 BMCO HfS4H S BVS Bg 944 (2R G
Im-3; B-FHE: Bi 2a(0, 0, 0), Mn 6b(0.5, 0.5, 0), Cr [y )
8¢(0.25, 0.25, 0.25), O 24g(=x, y, 0); BVSitHRH AR E v
Vi = X;8;; M S5 = exp[(ro — ri5)/0.37)], HHrro Xf Cr %
1 Mn 43 BIH 1.708 F11.732) [22] Q
Table 1. Refined structure parameters of BMCO and the
BVS values for Mn and Cr based on the SXRD (Space

group: Im-3; atomic sites: Bi 2a(0, 0, 0), Mn 6b(0.5,
0.5, 0), Cr 8¢(0.25, 0.25, 0.25), and O 24g(z, y, 0);
The BVS values (V;) were calculated using the formula
Vi = XS5, and Si; = exp|(ro — r45)/0.37)]; ro = 1.708
for Cr and 1.732 for Mn) [22],

m
Parameters 300 K 100 K =
a/A 7.39097(2) 7.38539
z(0) 0.3105(5) 0.3122(5)
y(O) 0.1758(6) 0.1776(6)
noH/T
dpi_o(A) (x12) 2.656(4) 2.652(4)
HAFAY - H N 3 RE (AR AL - N
der o(A) (x6) 1.9790(14) 1.9762(15) H’J}U@ (b) Lk Cp Tﬂn Eﬁ%éﬂtsf BRI () A
e O 1381521 158.93(22 Ik I A P B i 37 1) 28 4k 122)
(Cr—0—Cn) 38.13(21) 88.23(22) Fig. 7. (a) Temperature dependent magnetic suscepti-
BVS (Mn) 2.97 2.98 bility x and its inverse x~1 of BMCO; (b) temperature
BVS (Cr) 2.88 2.91 dependence of relative dielectric constant e; and spe-
Ruwp/% 5.63 5.76 cific heat Cp at zero magnetic field; (c) the isothermal
Rp /% 3.06 351 magnetization behaviors at selected temperatures [22].
B AR A —104.1 K, H AU 3 B BMCO BMCO EA KN LMCO f & A 25 7 1260 f

B REMMEAEN. WREWVEH 2N ER Jig 46 4 181 DR BRATT A A B AR %A el R B
WO = 17.06 emu-K/mol, 7] i@ it 1 5 15 2 ZEME. K8 (a) Tan T BMCO fEA A T il ik
BB A R N 11.68 up/fu., 1% H 3E W 73 2B AR A HLH B, BEIR B AR L. BAR, 1E
I BIMn3 T Crit O M B A H e 1 1 H 0 5 135 K I I — DA BESTHE R 5 1) g, Jf HAE 1
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WO 4E LA A B, IR BEE B AR A
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B, ®H¥ AL B 3 e 8 0 AR B R 5% 1, 1 — ik
S BMCO 775 AN B FEARAR . & i 2k R AHAZ FEL
H Il SR Tren ~ 135 KA, 135 KE 170 K2
B T A A7 AR SRRk L . B TR IR 2 B A FE2
HEL I8 UG 11 6T RS FE Tno BT, X BRHAR S A4S W
FHEVIM O, B IRATE SOZAH 0 5 B
Trre = Tne ~ 48 K. HE 8 (b) 7l %1, Bk AL P
23 FELM 0484 1.39 uC/em?, 45t FE2 %
AMEINT 0.14 uC/em?.

500 ———F———T————T—
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300 -
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L 1 L 1 L 1 1
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1.6 ] 1 200 K poled
..... |
...... - 60
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5 0.8 1% £
. 3.
% ~
A, 1
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0 L 1 L 1 L 1 L 1 L 0
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T/K

8 (a) BMCO 7 Hi % £ bl B2 1738 4k; (b) Hbkik P
O L LI T, IR AR 4k, (22)

Fig. 8. Temperature dependence of (a) relative dielec-
tric constant of BMCO; (b) I, and P poled from 200 K
down to 2 K [22],

N7 =2 E BMCO B2k AR, FRATTR
I PUND (positive-up negative-down) (27,28] Ty 33
& T AT R 2R, PUND J7 v vl HE Bk JE AR E [
ENOR AN NS U B SV N RN
SREE. B9 (a) B 1 ANFREE T AT 2 A A
B2k, 1F Trg: LLR, ATFE BMCO AW 2 31tk 45
R AR b BT R I L B R, IR SZIR R K
FREHFRIEK. £170 K5 Trg, Z B AFERL
SSHAT R, 5 ERYE AR A B
170 K DAL R iy [ £ 58 47 2%, 2R WA i A T I R,

1000

500

0.8

80 K

40

E/kV-cm~!

Kl9 (a) KM PUND J/iER &S B BMCO I [l
% (b) 80 K Al (c) 30 K I /N[A] HLsz  p i [ £ 122]
Fig. 9. (a) The P-E hysteresis loops of BMCO mea-
sured at selected temperatures by using the PUND
method. The P-E loops measured at (b) 80 K and (c)
30 K under selected electric fields 22,
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FEL 37 I 1 i DX R 60—2 K. 10 (a) o T
Z 2% T R AS [R] 3% 00 315 21 1 AR 4K it 28
N T HE B A ) H AT A5 S ARAE R 3R B s, K FE2
I AR AL 2 N Prre = P(T) — P(50 K). 1R
P& 410 (a) AT A0, FHES 564, Prgs KM K4
019 pC/em?. 40N BT 1AL 35 G
i, BMCO 1 W) Ak B A 1 3% 38 K 4 5 35 T ol
KWL R A 0 7 WA, TR B RO )
FRS G 28 RE. R R A R ) BAORE H R R R
Al REAL S EOR IR S AR A TE ST, N T HRRR X
e S, FRATILE [ g iR R A R BB e HL I B
W AR Ak, I a8 T R B 1) R 43 15 21 AR A 1) iR
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poling electric field; (b) the change of polarization AP
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SPECIAL TOPIC — Multiferroicity: Physics, materials, and devices
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Abstract

Perovskite is one of the most important material systems for magnetoelectric multiferroic study. However, mul-
tiferroic is not expected to occur in a cubic perovskite on account of the highly symmetric crystal structure. Besides,
magnetoelectric multiferroics with large ferroelectric polarization and strong magnetoelectric coupling have not been
found to occur simultaneously in a single-phase multiferroic material discovered so far, challenging to the potential ap-
plications of this kind of material. Here we briefly review two multiferroic materials with multiply-ordered perovskite
structure synthesized under high pressure and high temperature conditions. In the cubic perovskite LaMn3zCrsO12, we
observed spin-induced ferroelectric polarization, providing the first example where ferroelectric takes place in a cubic per-
ovskite material. In another multiply-ordered provskite BiMn3gCrsO12, type-I and type-II multiferroic phases successively
developed when cooled. It provides a rare example where two different types of multiferroic phases occur subsequently so
that both large polarization and strong magnetoelectric effect are achieved in a single-phase material. In addition, since
double ferroelectric phases take place in BiMn3CrsO12, one can obtain four different polarization states by adopting
different poling procedures, thus opening up a new way for generating multifunctional spintronics and multistate storage

devices.

Keywords: multiferroic, magnetoelectric coupling, high-pressure synthesis, multiply-ordered perovskite
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