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Domain walls (DW)
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Zoology of domain wall properties
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Superconductivity

Conduction

Polarity

Blai Casals et al, PRL 2018
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Zoology of domain wall properties
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Magnetism
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Origin flavour of the DW properties

8

c a2a2 c



How a domain wall move?
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Domain wall motion
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Strategies to control the DW motion / position
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Coupling/pinning with the topography

Defects density



Strategies to control the DW motion / position
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Writing (contacts, AFM, ...)
James F. Scott (1942 - 2020)

bismuth ferrite, 30 μm × 30 μm.
G. Catalan et al., Nature Materials volume 19, 580 (2020)

C. H. Ahn et al., Science 23, 303, 488-491 (2004)

Non-invasive and reversible strategies?

Study the Dynamics + perturbation
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“Listen” “Touch” “Watch”

Imaging patern changes

Polarization and Strain

Measuring avalanches on ferroelectrics

Acoustic Emission
Strain changes

Displacement current 

Polarization changes

Tan et al, Phys Rev Mat (2019)
R. Harrison, E. K. H. Salje. 
Appl. Phys. Lett. (2010)

E. K. H. Salje et al., Phys Rev Mat (2019)

14B. Casals et al. ,  APL Mater. 8, 011105 (2020)
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Polarizer
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BaTiO3 (111)

PMN-PT (001) (1-x)[Pb(Mg1/3Nb2/3)O3]-x[PbTiO3], x=0.32

Simultaneous measurement: 
Birefringence images and 
displacement current

The Experiment, imaging pattern changes

200 µm
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BaTiO3 (111)

PMN-PT (001) (1-x)[Pb(Mg1/3Nb2/3)O3]-x[PbTiO3], x=0.32

Two Ferroelectrics

Simple domain pattern with parallel DWs

Complex domain pattern with junctions of DWs
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200 µm
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Pixel by Pixel analysis

𝒊𝒋 > threshold
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Pixel by Pixel analysis

0

1

𝐽 =
𝑑𝐵

𝑑𝑡
𝐽 > threshold

Distribution of Areas A, Perimeters P and Energies E. 

PDF(A) ~ A−t

Fractal dimension (Hausdorff dimension)
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200 µm
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Ferroelectric switching
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Avalanches map N



Avalanches during FE switching, PMN-PT
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N , HD
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HD and τ during FE switching

τ = 1.66 (ε=4/3)

τ = 2.2 (ε=1.66)
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Avalanche criticality in ferroelectrics switching
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Domain wall interaction change the dynamics
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LaAlO3
Ferroelastic
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Aspect ratio, domain pattern

Sci. Rep. 2022



Peeling Wrinkled surface

Au (50 nm)

PDMS (500 µm)

Si

Wrinkle, film on a viscoelastic
200 µm



Wrinkle domains?
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Scheme of compressin device 
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Wrinkles as ferroelastics
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Folds Grain boundary or Fold + dislocationGrain boundary Disclination

Dislocacions Stacking fault Period doubling Tweed

Shear bands, leading dislocation

Antiphase Boundary

Miura-ori pattern Herringbone pattern

Wrinkle defects zoology
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All animals in the same field of view

Dislocacions
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Ni thin film
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Piezoelectric LiNbO3

Strain wave Spin wave

Magnetic waves, magnetoelastic coupling

Ni film
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XMCD
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XMCD

Magnetoacustic waves

B. Casals et al, PRL 124 (2020)
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Magnetoresistance under SAW
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SAW power Propagating 5 dBm

Exponent from magnetoresistance measurements
-1
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Change of dynamics, wave-wall interaction
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Domain wall ressonance

1 K 

0 K

OUT 743 MHz

Micromagnetic simulations Temperature changes?
Eduard Vives, Michela Romanini
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It can be observed with MOKE
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HSAW

OFF SAW
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Change of dynamics, wave-wall interaction



Blai Casals

Köszönöm a figyelmet!
Thanks to:
Ekhard Salje,
Guillaume Nataf,
David Pesquera,
Gustau Catalan,
Jordi Baró

Funding: EPSRC

43

Juan de la Cierva Incorporación 2021

Avalanche 2022 Debrecen

1 september 2022

@blaicasals



44



45

Se
qu

en
ce

10
 (4

98
 M

H
z)

1 K 

0 K

SA
W

Se
qu

en
ce

11
 (4

50
 M

H
z)

0.45 K 

0 K

Eduard Vives,
Michela Romanini
UB



Correlation betwen criticallity and fractality
Statistical model (collapse model)

B. Casals, E. K.H. Salje, PRE 2021
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Avalanches mapInitial state image

105 events 
on a cycle

Ferroelectrics, ferroquakes

Earthquakes since 1970 in mediterranean united nations 105 events
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Ferroelectrics, neuromorphics
Neuromorphic computing

Relation between 
criticality, task-
performance 
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µm - mmnm - µm nm 
OpticsPFMTEM

From unit cell to the sky
Same ferroelectric sample

Thin film PZT (1.98–2.87) Bulk BTO PMNPT (2.2)Shelly Conroy data (?)

P. Tückmantel et al. PRL 126, 117601 (2021)

B. Casals et al. ,  APL Mater. 8, 011105 (2020)
B. Casals et al. ,  Nat. Commun. (2021)
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Acoustic Emission

Strain changes

Displacement current Imaging patern changes

Polarization changes Polarization and Strain

BaTiO3 ,...
STO, LAO (Ferroelastic)

Phase 
transition

Ferroelectric
Switching

PZT

BaTiO3 ,PMNPT, ...

BaTiO3 ,...

References:

Same sample for all measurements, same energy exponent?

ε=1.35

ε=1.65

ε=1.3

ε=1.61

ε=1.5

ε=1.4 – 1.6

PDF(E) ~ E−ε
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Same material, different measurements
“Listen” “Touch” “Watch”



“Listen” “Touch” “Watch”

Acoustic Emission

Strain changes

Displacement current Imaging patern changes

Polarization changes Polarization and Strain

ε=1.6 ε=1.6 ε=1.6

PDF(E) ~ E−ε
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Same dynamics
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BaTiO3 (111)
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Voltage (time)
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Single domain analysis, BaTiO3
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Ferroics and Barkhausen
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Domain wall (DW) by optics
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Summary and conclusions
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τ = 1.66

τ = 2.2
“no” τ

Avalanches accumulation map
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Anticorrelation between τ and HD

τ = 1.66 (unrelaxed mean-field) at the Coercive field,
τ = 2.2 (integrated mean-field) before and after Ec. 58
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Avalanches during FE switching, BaTiO3
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Hysteresis from avalanches
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“Listen” “Touch” “Watch”

Acoustic Emission

Strain changes

Displacement current Imaging patern changes

Polarization changes Polarization and Strain

ε=1.6 ε=1.6 ε=1.6

PDF(E) ~ E−ε
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Same dynamics



Ferroelectrics, beyond memories
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FeRAM

Neuromorphic computing

Relation between 
criticality, task-
performance 
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Pixel by Pixel analysis
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The spread of Jij at each Ai is similar 
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Snow avalanches Earthquakes

Landslides

Avalanche statistics, power law distribution

Neuronal activity


