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Multiferroics

Magnetically induced Ferroelectrics
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Characteristics of conventional
multiferroics

e strong disparity in ferroelectric Tc and
magnetic Tc

 weak coupling between the electric and
magnetic degrees of freedom
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General features of 2"d order
Phase transitions

(1) Susceptibility becomes large in the
vicinity of the transition point.

An overlap of the two transitions would
result in amplification of the mutual
coupling, albeit intrinsically small, and

thus if one can force an overlap in a
material with high Tc’s, one may get
strong effects at room temperature.



(2) Two transitions of different origins (weak
or no coupling) cannot occur at the same
temperature except by accident.

Critical regions associated with pure
transitions are usually narrow.

Thus inducing two transitions of different
origins to overlap in temperature may not
be a simple matter.

“Disorder” can control transition temp and
also broaden phase transitions.



BiMnO, is a conventioal multiferroic material.
- highly distorted perovskite (monoclinic space group C2)
- arare ferromagnetic due to Mn3*ions: Tg,=105K , M =3.6 ug

-ferroelectric due to stereoactive Bi3*:
Tee =750~770 K, P =0.1 uC/cm?
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Multiferroic BiMnO,

distorted perovskite

Neutron powder diffraction
Structure Refinement
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The unit cell of BiMnO; and

Monoclinic
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Orbital ordering and magnetic frustration:

ftwo issues addressed with thin films

Q#1 (V4 74 V4) superstructure ?

~ superstructure modulation in
RXS

. /Q Q#2 magnetic frustration
y2 r2

Could it be enhanced with
strain in thin films ?




Making thin film samples
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Fabrication - BiMnO, film

Different thickness of films are grown on " I e ——
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Absorption at Mn-L edge
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Probe of Orbital order: Resonant X-ray

Scafttering
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Why resonant scattering ?

Say, incident photon energy is tuned to
absorption edge of scattering element.

Z g polarized light Z

y

X Incident photon :>

ﬁscattered photon

y

For an anisotropic charge distribution,

/ y . anisotropic tensor susceptibility (ATS) in
V& Anisotropic charge | the scattering ler flo0 0
X x —polarized light distribution Frs=1 0 f1 0
0 0 f

- Because of ATS, a superlattice peak may appear at
a forbidden reciprocal position. This peak can

be largely enhanced when incident photon
energy is tuned to the absorption edge.




The experimental configuration

for X-ray scattering

polarization analysis
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Resonant X-ray Scafttering BESIIEEARTUIY
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Azimuthal dependence - RXS
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Calculation : azimuthal angle dependence of orbital

ordering peak Space Group | €2

Moreira Dos Santos A.,
PRB 66, 064425 (2002)
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Temperature dependence
of orbital order
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Magneftic consequences -
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Modifying BiMnO,

Two observations:
 The transition temperatures are in strong
disparity.
One type of order develops in the presence of the
other order already fully saturated.

« Susceptibilities become large in transition
regions.

Overlapping of the two transitions would lead to
amplification effects.
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La doping via combinatorial chemistry
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Structure and Magnetization &

Polarization of Bi, jLa, ,MnO, 1.6 pg/Mn
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Large Magnetodielectric Effect
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Controlling elecftric relaxation

with a magnetic field
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Dielectric relaxation in water
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Distribution Half Width
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Conclusions and outlook

We have revealed the orbital order and
its magnetic consequences in pure BiMnO3,

and also demonstrated the possibility of
tailoring the properties of BiMnO3 compounds.

Currently work is in progress:

(1) elucidation of low temperature FM and FE
structures

(2) development of multiferroic materials

with room temperature or higher transition

temperatures.
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