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Abstract.

netism, ferroelectricity, and ferroelasticity. The intimate coupling of the ferroic orders, and the cross control of magnetiza-

The terminology ‘ multiferroics’ refers to materials where multiple ferroic orders coexist, i.e. (anti)ferromag-
tion (electric polarization) by electric ( magnetic) fields, provide opportunities for the design and development of conceptu-
ally new multifunctional devices. In recent years, an emergent class of multiferroics known as polar magnets have character-
istics of non-centrosymmetric and broken of space inversion symmetry at very high temperature, and show interesting physical
properties such as magnetoelectric coupling above room temperature and non-reciprocal behavior, which have attracted con-
siderable attention. In this review, we briefly discuss recent research progress of the multiferroicity and magnetoelectric cou-

pling of polar magnets, and try to present several future challenges of this field.
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Fig.2  Three-dimensional electron density distribution of YMnO; ob-
tained by the maximum entropy method-based pattern fitting a-

nalysis at 1000 K (a) and 910 K (b), respectively[24]
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Table 1 The type-l multiferroics of polar magnets

Materials Space groups Structure T./K I'v/K Py/(uC/cm?) Ref.
BiFeO, R3¢ Rhombohedral ~1103K ~ 650K ~100 (5, 16]
BiCo0, Pdmm Tetragonal ~ 600K ~ 470K ~170 [17, 18]
ErMnO, P6yem Hexagonal ~ 830K ~ 79K ~5.6 [19]
YMnO, P65cm Hexagonal ~ 930K ~70K ~5.5 [13, 22-25]
TmMnO, P6scm Hexagonal ~570K ~86K — [22]
HoMnO, P6cm Hexagonal ~870K ~76K ~5.6 [26]
ScMnO;, P6ycm Hexagonal >700K ~130K — [28]
InMnO, P63cm Hexagonal >700K ~120K ~7.8 [29]
YbMnO, P6em Hexagonal ~990K ~80K ~2.9 [30]
DyMnO, P6ycm Hexagonal >700K ~57K — [31]
LuMnO, P65cm Hexagonal ~750K ~90K — [32]
ScFe0, R3¢ Rhombohedral >273 K ~545K ~100 [34]
InFeO, R3¢ Rhombohedral =600 K ~545K ~96 [35]
h-LuFeO, R3¢ Hexagonal ~1050K ~ 440K -5 [36]
GaFeO, Pc2yn Orthorhombic >273 K ~210K ~20 [37, 38]
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Fig. 3 Three major mechanisms of ferroelectricity of spin originw’] : (a~c) spin exchange-striction mechanism, (d~{f) spin-current

model or inverse DM model, (g~i) spin dependent p-d hybridization mechanism
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Fig. 4  Crystal structure of M,Mo;0g4(a) ; field dependence of M (b) and AP,(c¢) at various T, the dashed curve is the fit to the P-H curve
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for H>H,, at 45 K with the function AP, =P+, H+BH* ; field dependence of AP at various Zn*" ion content (d), the dashed curve

is the fit to the P-H curve with the function AP, =P +a;H; y dependence of ME coefficients o} and o3 measured at 2 K (e) (4]
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Fig.5 Temperature dependence of M (a), pyroelectric current obtained in a warming process (b) and time-integrated change of P from that at

100 K (¢) for (Mn,_ Fe ),Mo;04; field dependence of AP, for Mn,Mo;Og at various 7', dashed curves are fit with AP, =aH (d, e);

temperature dependence of the longitudinal linear ME coefficient « obtained from various P-H scans for (Mn,_ Fe ), Mo;O04(f)"
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5 %A1 (aeschynite ) B RFeWO, (R =Dy, Eu, Th fl
Y) U5 RCrWO,(R=Dy il Ho) " th i) Fe®* Fl WO 5285
HEFIE 1R R PS5 44 (Pra2,) . T DyFeWO,, Fe™ 7E
Ty ( ~18 K) T AL ki e i, A bl 2 F A Ak 9 i 28
AHLSH, Dy 7 18 K MU 8%y, H Fe Fl Dy i)
WEFETE I T — b F T B AV AR R M 454 . RFeWO, H1HY
WEMEES T R FN Fe™* WIRETEAT MAS—EMIF], 4N Eu™ B+
1 2 K AR RESEHY, T B F7F 2. 4 K U BRm T
AR R SR P A SC I BRFBLBOWAIL I A & R 1 Fe T
ZIAIRE A Xt B A P B M T 5 i — 2B B 5 AN, B
1 %F NaYMWO,(M=Mn, Co) Fl NaHoCoWO, AYHi&
R T HESH T BTG AR A R0

faT BN TR 25 4 A AL O, (RN T 2544 ) 77 48 LR
M EREAA 4 ABO, #53Xf LiNbO, , 1% Fh AB-AB HIREA T
BT S e XA, S B PR 45 H (R3e) . A,BO, #553CHY
M,TeOy FWE(M=Mn, Cu, Co Fll Ni) LA Ni,Te0O, " J&
HATHAELER (R3) R MEREIA . NiyTeO, NI REAH AT #A B¢
FLAONE , 28 R IREE (~52 K) LA R UY ¢ %l 52 30 e 4R ) 4k i
Fe, EARBEE AL IR (AP) YRS, S BFoE M,
SN S REA RSN, RG] L 2 AR Z )
A, AT A AR R A T R o R ORI R R Tk
TRAG R R AE AR K AR B L B F PH B F Ak 24 Jr
A,BB'O¢ IV HAALTE SR = AR T A, Hh 2
ARG ) Z2 BB SRR, H O A 28R iRiH
ARSOANTHEAR

Ca, FeAlO; J& )& TERERFRES ™ 41 ( brownmillerite ) 5%
PR REAAR (1bm2) , AT 1 25 R 0 B4k il AR A5 3R
(~350 K)'P' ) Z/RIRBELIT , Fe™ BIREAENT o BT 1]
ILLRHED , MU RS T N RE A R, R &R A e
B T 72 A S v W A 1) IO A R S X PG
RN P REVR T Fe™ o 40 (14 DU T A7 & A 1 e 56 4 J T

PRZR Al 4RI e P AR L LR HES 51 & /9 S DM AR ELAR
FATO T BT 1 E B AR AR A B B i SRy S B
T L R B ORI A LG

4 & iF

ARSCHEIR 1 T JUAF 5 T W M A 22 B AT 8 1)
J&, —JrTH, WPERE AR T BE S AR IR AR DL AR
H 51 RS BOMRHAR R A B 1 2250 B AL
e, 8 T 2RI EAES, 5 — 5, WMIERER
AOBIF QLT I 5 V7 22 PR AR, A3 S B 2800 AT R 22 % A A
AR DS 1], Rk, 28 R T ok S SO0 14 A A e —
ANFEEAURA, IR I X AR A L Kl
LR RN X A A R B — N 2 AL, SR
TR BRALE A 1 BRI, v A g L PAY R A A
RA S, PN, LML R WA (M) 5 #:
(E) Z 181 B R, AL AL 7 B 2 s A i T2 7 e A ) -
WIRARMESI I, AR T 5 SN I T X R ke, 215 BE S 1]
FHRE AR S B — B UL 9 A R, R (EA IR
ABFPFRBI R, 28OS T 1 25 20 4R A e &k
JE AT TR e iy 0 BEATL ] 0B A A T2 THT 1 B A 1 e
KRN, BT TERE BT R 2 kPR R B T B
BHEMAs . S OCRIE, 57 AR R AR A K — R A
FIUBONE ) A AL T 22 RV b A 36 38 E BN
VR AT LSO S B it 2 A A, DA SR
HURBE BRI T, 7 0 T T B 22 1) At A 155 A SR
PEDLJE
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