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Multiferroic materials
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Multiferroics type I and I1

Multiferroics type I Multiferroics type II

v' Strong ferroelectrics X Weak ferroelectrics
v Order temperatures close X Low order
to room temperature temperatures

X indirect coupling

v" Strong direct coupling
between orders
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Inelastic scattering

Inelastic light scattering : Sir C. Raman (1888-1970)
Nobel Price 1930
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Raman scattering
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Raman spectra
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RMnO3 compounds multiferroics type II
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Frustrated magnet with incommensurate magnetic structure

In type II, the FE order appears after the AFM phase

T. Kimura et al. PRB 68, 060403(R) (2003)



The multiferroic: TbhMnQO3

Orthorhombic Symmetry
Pbnm space group

Sample growth by zone fusion

TbTN=7 K T2N=28 K TIN=42K

IC-Collinear | Paramagnetic

Paraelectric

A\ 4

TC=28 K T

Strong polarization (type II) P=0.08pC/cm2 (BiFeO3=100pC/cm2 )
Giant magnetoelectric effect



TbMnQO3 : the static properties

How to explain the strong coupling between
the ferroelectric and magnetic orders ?

Magnetic ferroelectricity

Spiral spin structure
The spiral spin structure

breaks simultaneously the time ) Magnetoelectric effect

and spatial inversion
.. microscopic scale .....

Dzyaloshinskii-Moriya Interaction
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Which interaction is at the origin of the ferroelectricity?

@hinskii-Moriya Inte@ @ge displac@

I—b Oxygen substitution 180 [] 160

L} Temperature dependence of phonon frequencies



Effect of the substitution on the phonon frequencies
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Effect of the substitution on the magnetism transition

Specific heat measurements
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No effect of the substitution in the magnetic temperature transition

[] the Jahn Teller distortion play no role in ferroelectric and magnetism order

Alonso et al. Inorg. Chem., 39, 917 (2000)



Temperature dependence of phonon frequencies

Peak Position (cm™)

FWHM {cm™)

Do not follow the empirical law: phonon phonon interaction wph(T)= -A(1+
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Temperature dependence of phonon frequencies
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tortion ?
eier et al. New Journal of Physics 9, 100 (2007)

Do not follow the empirical law Lattice



Temperature dependence of phonon frequencies

Peak Position (cm™)
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- Spin-phonon coupling
Coupling between the spin and the lattice
Granado et al. PRB 60, 11879 (1999)
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Temperature dependence of phonon frequencies

Spin- phonon coupling : phonon modulating the exchange integral between interacting
atomic spins.

TbMnO3 : Mn3+ ions interact via superexchange (O2-)
Mn-O-Mn [] # 180° in the multiferroic phase (T > TC)
T>TC
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Which interaction is at the origin of the ferroelectricity?
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Conclusion and Outlooks

Oxygen substitution 180 [|160

Heat capacity measurements:

No effect of the substitution in the magnetic temperature transition

[ the Jahn Teller distortion play no role in ferroelectric and magnetism order

Raman scattering:

Observation of a spin-phonon coupling in TbMnQO3

[] Dzyaloshinskii-Moriya Interaction is at the origin of the ferroelectricity

What append to the electromagnons with the substitution ?
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TbMnQO3 : the dynamical properties

Degree of freedom
(magnon) Magnetic > Lattice (optical phonons)
Strong coupling

« New » excitations: electromagnons

Magnon with an electric dipole that can be strongly coupled to the electric field of light

4 Optical conductivity

New peak of spin excitation with
a polar activity

!

Electromagnon
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v(em) Pimenov et al. Nature Phys 2, 97 (2006)
A. B. Sushkov, PRL 98, 027202 (2007)



TbMnO3 : difference between experiments and theory

B Observation

Infrared 2 excitations el: 20 cm-1 e2: 60 cm-1
AFMR = 1M = energy of el el
Takahashi et al. PRL 101, 187201 5t 4

Neutron :el at 20 cm-1 a(szs%%?g\ted with 1M and

e2 at 60 cm-1 associated with zone edge _,_) S0 K

Senff et al. PRL 98, 137206 i ,
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The Raman point of view
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TbMnO3 : electromagnons under magnetic field
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TbMnO3 : electromagnons
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