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~ 2020-2030 : Structures over only few atoms
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Continuing ,,Moore“ will require completely
new technology !
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Spintronics

Etc .. Etc..

Completely unclear which concepts will succeed
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= Exploratory synthesis and crystal growth.

= Target model materials to understand
fundamental processes behind functions.

* In-house characterization
(Diffraction, Macroscopic Properties).

F
= Discern detailed electronic ordering @
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and excitations at remote "if ‘ -
neutron/synchrotron facilities ae-an !
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= Pursue collaborations for further
iIn-depth studies, e.g. spectroscopy.
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Magnetism: Spins Ferroelectricity: Charge (Dipoles)

Multiferroicity: Spins and Dipoles
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Magnetism: Spins Ferroelectricity: Charge (Dipoles)

Multiferroicity: Spins and Dipoles
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Write : requires remagnetization — high currents
(slow, high power consumption)
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Write : requires remagnetization — high currents
(slow, high power consumption)

ey

Read — | MF-RAM :
with GMR -
_____ oAl — Write with a
Multiferroic If Voltage

[M. Bibes and A. Barthélémy, Nat. Mater. 7, 425 (2008)]
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Magnetism: Spins Ferroelectricity: Charge (Dipoles)

Very small overlapp !

.

Ferroelectricity
(traditional mechanism)

Magnetism

900 <%

Contra-indicated

requires partially filled d-shell requires empty d-shell

[N.A. Hill (now Spaldin), Why are there so few magnetic ferroelectrics? J. Phys. Chem. B 104, 6694 (2000)]
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Multiferroicity from charge order A JULICH
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Ferroelectricity: Charge (Dipoles) Any charge order breaking

D inversion-symmetry may be
- expected to be polar.
P

= Can in principle lead to very large polarizations
= Spins are for free !
= same electrons/sites involved in charge and spin order

— sizeable magnetoelectric coupling possible

Examples ?7??

classical magnetite
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LuFe204 [de Groot et al., and MA, PRL 108, 187601 (2012)]



Tuning ... #) J0LICH

FORECHUNGSZENTRUM

Can a ferroelectric CO be stabilized ?
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Lu — Y substitution
(synthesis optimized)
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Classical magnetite: 0 JULICH
a (relaxor) ferroelectric from charge order? rscHuesIENTRL

Charge order structure: complex, polar according to recent refinement [Senn et al., Nature 481, 173 (2012)]

1 Time-resolved in-situ diffraction
with ac electric field applied for

microscopic proof
(beamtime PETRAIII PO9 next week)

P(uClem?)
[ ]

-40 -20 0 20 40
E (kV/cm)

Recent proposal of relaxor-like FE
[Schrettle et al., PRB 83, 195109 (2011)]

classical magnetite
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Spin spiral FE at room temperature:#) jiLicH
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