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Multiferroics

« Definition »

®
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Two coupled order parameters in the
ground state :

Polarization, P (uC m<)
P Y
S 8

N
8
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L0

» Magnetization
» Electric polarization
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Temperature (K)
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“ Frustrated magnets with complex Kimura et al, Nature 426 (2003)
magnetic structures
Reviews :
<+ Peculiar excitations « electromagnons », Cheong and Mostovoy, Nature
i : : materials, 6 (2007)
basically electro-active spin waves Wang et al, Advances in Physics
(2009)




Applications

Take advantage of the coupling between ferroelectricity and magnetism

Resistance

Voltage

Figure 38. A possible multiferroic random-access memory element using antiferromagnetic
multiferroic materials. (Reproduced with permission from [214]. Copyright © 2008 Macmillan

Publishers Ltd/Nature Materials.)
Nature Mater. 7 (2008), p. 425




1) Introduction :

- Inverse DMI

- Symmetric exchange

- Archetypes compounds ToMnO; and YMn,O.
2) TbMn, 0O,
3) DyMn,O.

4) Conclusions



Magnetically induced ferroelectricity

« Inverse Dzyaloshinskii-Moriya model »
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Katsura, PRL 95 057205, 98 027203
Sergienko PRB 73 094434
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TbMnO;,

Inverse DMI explains the flop of P induced by the flop of
the spiral under applied H

bc spiral

ab spiral

— €

J




TbMnO;,

Electromagnons, electro-active spin waves :
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TbMnO;,

bc spiral

Inverse DMI electromagnon :

”
cref e,
@% Excitation corresponding to a long
a — > wavelength rotation around the z axis
S/ S/' b

of the spiral is coupled to P
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TbMnO;,
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TbMnO;,

Calls for another mechanism:
symmetric exchange modulated by a Q=0 deformation
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Magnetically induced ferroelectricity

JvsP

« Symmetric exchange model »

Exchange Anisotropy
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Jij(Py) = Jij(0) + J/(0) Py + 5 J{(O) P + - -

From Mostovoy et al



Mn3+ Cairo pentagonal tiling










RMn,0Ox

AF chains along a
Nearly commensurate structure
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Figure 2. Optical conductivity of YMn,Os and TbMn,Os for the
electric field of light e || & in three phases. Strong peaks at 113 and
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Unfortunately, it is not a 1 cm3 sample ...




TbMn,O.
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(b) 15 K (HT)
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(a) 2 K (LT)

(b) 15 K (HT)

Suggests that Dy is likely characterized by a strong easy axis, since those
spins keep more or less the same direction whatever T
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Little evolution of the dispersion despite the change of the magnetic structure
Suggests that the K=(1/2 0 0) LT phase is likely NOT stabilized by J1-J2-J3-J4-J5 exchange.




Energy (meV)

Energy (meV)

7
6
5
4
3
2
1
0
7
6
5
4
9
2
1
0

-
T

@ IN12 HT T= 15K
- |

(o]

Pl ]

Bole e o -

1

@ 4F1]

1 1

1

12 14 16 18
(h 0 1/4)

150

100

50

200

150

100

50

ho (meV)

frw (meV)

1.4

(H,0,0.288)
13

1.6

(1.48,0,L)

20 02 04 06

14

1.6

1.8

2

0 02 04 0.6




(a) 2 K (LT)

(b) 15 K (HT)

(a) 2K (LT)

¢ Assume very large easy axis anisotropy for Dy
% J6 may overcome J1-J2-J]3 atlow T



Conclusions

“* TbMn, O, follows theoretical precictions. Resembles much YMn,O.

% DyMn, 0. is different ! Back to the IDM model ?
o Similar SW dispersion in the ICM phase, yet no electromagnon

o Our work suggests that this is likely due to the 3d-4f coupling
which remains to be incorporated in the theory

Thank you for your attention



