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Magnetic Sensors
Pro:

• Non-volatile

• High endurance

• Low power
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Magnetic Sensors
Pro:

• Non-volatile

• High endurance

• Low power
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• read/write “heads”

• moving parts

• slow access time

How to read&write?
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Magnetic Sensors
Pro:

• Non-volatile

• High endurance

• Low power
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• read/write “heads”

• Spin-Transfer Torque

• currents dissipate 
power!

How to read&write?

mailto:motti@iom.cnr.it
mailto:motti@iom.cnr.it
mailto:motti@iom.cnr.it
mailto:motti@iom.cnr.it
mailto:motti@iom.cnr.it
mailto:motti@iom.cnr.it


federico.motti@unimi.it

10/10/2017Federico Motti

/ 12

Magnetic Sensors
Pro:

• Non-volatile

• High endurance

• Low power

2

• read/write “heads”

• Spin-Transfer Torque

• electric fields

• no heat, no dissipation

• easier to control

• new functionalities

M U L T I F E R R O I C !

How to read&write?
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Multiferroic Materials

3

Magnetism &
Ferroelectricity
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Multiferroic Materials

3

They are so few, and mostly 
ANTI-ferromagnetic.

Example: BiFeO3

Magnetism &
Ferroelectricity
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Multiferroic Materials

3

They are so few, and mostly 
ANTI-ferromagnetic.

Example: BiFeO3

Magnetism &
Ferroelectricity

What’s next?
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Multiferroic Heterostructures
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Multiferroic Heterostructures

Coupling of:

• charge

• spin

• strain

across the ferromagnetic/ferroelectric interface
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Multiferroic Heterostructures

Coupling of:

• charge

• spin

• strain

across the ferromagnetic/ferroelectric interface

Understanding the interplay of different 
degrees of freedomK

ey
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l:
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Which materials?

5

• Strong electronic 
correlations

• Coupling of charge, 
spin, lattice

• Broken symmetry at 
the interface

Perovskites:  ABO3

Bm+

An+

O2-

La1-xSrxMnO3

Pr1-xCaxMnO3

SrRuO3

...

ferromagnets: ferroelectrics: multiferroics:
BaTiO3

PbTiO3

Pb1-xZrxTiO3

...

BiFeO3

YMnO3

BiMnO3

...
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Which materials?
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• Strong electronic 
correlations

• Coupling of charge, 
spin, lattice

• Broken symmetry at 
the interface

Multiferroic effects
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Which materials?
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Which materials?

6

Ferromagnetic:

• La1-xSrxMnO3 (LSMO)

J.	Hemberger	et	al.,	PRB	66,	094410	(2002)
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Which materials?

6

Ferromagnetic:

• La1-xSrxMnO3 (LSMO)

• FexMn1-x

Ferroelectric:

• BaTiO3 (BTO)

• PMN-PT
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X-ray Absorption Spectroscopy
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X-ray Magnetic Circular Dichroism
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X-ray Magnetic Circular Dichroism
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X-ray Magnetic Circular Dichroism
Advantages:
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity

• Chemical information

• Suited for thin-films
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity

• Chemical information

• Suited for thin-films
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity

• Chemical information

• Suited for thin-films
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Requirements:

• High-intensity X-rays
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity

• Chemical information

• Suited for thin-films
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Requirements:

• High-intensity X-rays
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity

• Chemical information

• Suited for thin-films

9

Requirements:

• High-intensity X-rays

• Energy tuning

• Control on polarization
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X-ray Magnetic Circular Dichroism
Advantages:

• Elemental sensitivity

• Chemical information

• Suited for thin-films

9

Requirements:

• High-intensity X-rays

• Energy tuning

• Control on polarization
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LSMO / BTO
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LSMO / BTO
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LSMO / BTO
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Out-of-plane polarization 
→ less strained LSMO 

→ Ferromagnetic ordering
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LSMO / BTO
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FeMn / PMN-PT
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“Double-exchange” in manganites

14
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Simulations
Tight competition 

between strain along 
the three axis
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