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for the discovery of Giant Magnetoresistance"

Albert Fert Peter Grunberg

Phys. Rev. Lett. Phys. Rev. B
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Phase Diagram of Perovskite Manganites (by Y. Tomioka et al. )

400 - T T T PM T J T T

: ; i ENd, _SrMnO; PM] ©
< 300} 3 2
5 F Pl 3
© 200 E a
g | “ i
GE) (: FM .—7"\1 R E
[

5 J X
100F 1 1 ¢ s
FCI:Fl: ] ! FI
Eol 3 [Cl {
ob i

el ey PO T TR (R (R E
0O 01 02 03 04 050 01 02 03 04 050 01 02 03 04 05
X X X

lonic radius of A-site
Large +—— On-electron band width ——> Small

-1+
()




Intensity

T T,

L A B B B e B

Ll

Q-space
2
Sr,FeMoOg (Tc~415K) }spin band 4 spin band
Sr,FeRe0, (Tc~401K) Sr,FeMoOg Res, Ree, I
Fe® 0%~ Mo™ Fe”— 0% Mo®™

WA = 7y

Fe

Mo or Re

3d S=5/2 4d S=1/2

g e

3d° S=2

4d° S=0

4.2K

(o}
(e]

1

(10-2Q/cm)

~
el
ES
£
3
, I
, 4
—




(1921

B
o

KNaC,H,0q 4H,0
BaTiO, Q
PbTiO,

Pb Zr,Ti)O,
LiNbO,
Bi,Ti;O,5,
SrBi,Ta,0q




+ o+ +

OBa> @ Ti++ Q0%




FeRAM

-

\

(ferro-magnets) (ferro-electrics)

/el
LW\ /ﬂ#

Multi-ferroics




Magnetoelectric effect

ME ) =

[“The electrodynamics of magneto-electric media” by T. H. O'Dell ]
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P. Curie [1894] ME
Piccard [1924]
Debye [1926]

Van Vleck [1932] ME

Landau & Lifshitz [1957] ME

Dzyaloshinskii [1959] Cr,0,4 ME
Astrov [1960] ME Cr,04

Pierre Curie

Prof. Igor E. Dzyalohinskii
(left)
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Session C21. DMP: Multiferroics
Monday morning, 11:00, 12 March 2001, Room 604, Washington State Convention Center

C21.002 Magnetism and ferroel ectricity; why do they so seldom coexist?
Daniel Khomskii (Laboratory of Solid State Physics, Groningen University, The Netherlands)

C21.007 Why are there so few magnetic ferroelectrics?
Nicola Hill (Materials Department, University of California at Santa Barbara)
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Transformations of a current loop (magnetic moment)
under 4 symmetry operations

magnetic 2-fold rotation (2) inversion (1)
moment
A L (P L
/
current loop N
mirror (m) time reversal( ! )

Elp A =i

[non-spatial symmetry operation]

In addition to rotation, mirror inversion operations, time reversal operation
can be a symmetry operation in magnetically ordered materials.
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(ME) (58 )
M=a E P=aH

(PM) (66 )
M=QT

(MSHG) [ Kerr ]
PA(M) = x ijk(D)(M)EjEk+X ik(ME B

(Magneto-Chiral Dichroism)
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multiferroics - TOoMnO; -

T. Kimura et al. Nature 426, 55 (2003).

© 10kHz |
g 3 1 o 10
Tb_ 2 § s [
o g e
[ = 8X5
Mn 8 25| & b %@' [
© sb Il Il Il Il ' L] r
- } } } } E 0
c Y £800} " ° ToMnO; { € F
t, o) 3 600
a 3
2600} 1 2
o S
5400' ] E 400 -
m) > = g TN
N200 8 200 —— 12k -
P//C P//a kS ;{ L ——EE T
£ 0 3 e
S 0 10 20 30 40 50 S Op g ewi—eemh
Temperature (K) Magnetic field (T)
c
DyMnQO, (magnetoelectric)
(magnetocapacitive)
T. Goto et al. Phys. Rev. Lett. 92, 257201 (2004).
DyMnO5
3000 T T T T T T T ]
-yl €
O—% %
DyMnO.
M r‘"' a® 4pE G 1
PHa&Hifb
[4.2K L =

a
Applying 3
?magneticfield S
-> & IR
Pllc "~ Plla 3 T v
Magnetocapacitance ( )

~500% <




TbMnO;

Hila Hilb Hilc ——— S
Sef T T o[- T T F T T 1 50 [ o) paramagnetic  H//a
2 £ Ty
E % 1 gaor N
T4 b r o [ incommensurate AF 4
S 2K y L | 5 ag[ Tk
g T k] 2300 e 00400 astd
1] ——9K ek | © i ]
T2 —12K 4 2F 9K | 8 54| commensurate AR i
5 K L ) ST (OkaEnim0)  ferroelelctric
= L L L L L L L ﬁ :
2037 = = ‘ ‘ 105 o) Pilc P Plla
7 ol v v ey
q % — T T
] [T,m Paramagnetic H//P7]
| gaope— =
o incommensurate AF 1
1 2308 4 6 o0 us 4
=1 .
5 10 @ [ commensurate AF )
Magnetic Field (T) Magnetic Field (T) Magnetic Field (T) E_ZO [ (0,ks=n/m,0) 1
@ . [ ferroelectric ferroelectric ]
=10 4
02— 10! Pllc Plla |
<
£ 15K e ——
O E/ja 50 J T -
E ——0kV/cm [ty Paramagnetc  H//c]
fo ——+2.2 T4 0060000099
0 ——+4.4 5 F ]
c N +4. 4 incommensurate AF
S —— +6.6 2 30 Tock
© 5. T
N & 20l-commensurate AF -
] g L (0,k=n/m,0) canted AF |
E F10 - ferroelectric eIl
.5 . G ORI S i
Magnetic Field (T 0 5 10
g ( ) Magnetic Field (T)

0.57

Modulation
wave vectgr
ki (units of b')

S o

>
T

(J mol*K?)

o
=

BREE
i Eig ﬁhi 7

(arb. unit)

|

g
o L

20 30 40
Temperature (K)

TbMnO,

M. Kenzelmann et al. PRL 95, 087206 (2005).
T. Arima et al., PRL 96, 097202 (2006).

at T<T(E)




Ueshima et al., Nature (2003)

¢ o&

!
OOy
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