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Magnetization dynamics: motion of domain walls
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Pinning and depinning of domain walls
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Bulk systems: extended domain walls
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Avalanches, power laws, and universality classes
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The origin of the universality classes in 3D systems

Range of interactions: J(q) = Iql®

Stray fields Surface tension
LONG RANGE (n=1) SHORT RANGE (n =2)

Upper critical
3 dimension 5

1.5 P(S)~ ST 1.3
2 P(T) ~ T~ 1.5
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The v = 1/ovz exponent
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Universal scaling function: the average shape
S
<S( >> Tl/(rvz -~ <T>

Average avalanche shape
V(t ’ T):Tllcrvz—l g

tIT)

shape (

Universal scaling
functions
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Asymmetry in the avalanche average shape
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The delay of the eddy currents

T H,=H,/x,y,t)z
\ /

2 e
V- H =
ecrl’la

Usual approxin/lation: )
P No time delay between
L % the magnetization change
E—— and the eddy current field

We need to calculate the mean pressure
integrating H, over the thickness
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A negative mass for domain walls!

I'v=H,(t)-H,,+H (x)

dem

Non - local

t /
Tv+To [ e v(t)dt "I, damping

In Fourier space:

]Se:[<r-|-r0)-|—i(o]\_/[]\~) Negative mass!
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Shapes in experiments and in the model
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Detection of avalanches in thin films

— Raw

| — Filtered . in thin films (Py, 1 Hm),

- V=30V

1
_ Average shape - ‘ the signal to noise is too low
‘ - a threshold splits avalanches

we need a good
filtering technique

Wiegner filter

guess of signal spectrum

-

background noise spectrum
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Size distributions in a ’long range’ film (3D)
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The 1/0vz again
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it perfectly follows the model (and no eddy currents)
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Universal scaling function revisited

Gc,k(V7 ta Vl? t+ A)

c: field rate VA v’

k: demagnetizing factor A

[AV'V'G, 1 (0%,0: V', A)G, 1 (V',A;0,T)

Voi(A|T)) =
(Ver (AT [dV'G, 1 (0+,0: VI, A)G, 1 (V',A;0,T)

= T"V(A/T,(k/ko)T",c/cyT”)

marginal
relevant 9
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Universal scaling function: results
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Just published on PRE: short range films

. 10 (3
General scaling forms
EO 8
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see Laurson et al, Nat. Com. 4, 2927 (2013) ol “
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with 1/ovz = 1.80. See Bohn et al, 90, 032821 (2014)
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Something more... from Pierre and Kay

Using normalized units:

o S/, with S, =
e T/, With 7, to be determined
the average shape for avalanches of given size S follows:

(i) = > (S)_WFG)

Tm \Sm

with: 1= £/ ()7, [antv(o)s = S, [ diF@) = 1.

In the ABBM mean field model, one has:

F(i)=2ie " y=2
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Comparison with experiments (1)

Long range, no eddy currents
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Comparison with experiments (2)

(S) =2Tcoth(T/2) — 4
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Comparison with experiments (3)

(T) = Vx§

average duration <T>

0° 107 07

sizes S
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Visualization of DW dynamics in thin films

Tunable scaling behaviour observed in

Barkhausen criticality of a ferromagnetic film
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Barkhausen avalanche distributions

Magnetization dynamics: spatial structure
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Cross-over between two universality classes(?)

Zigzag walls g

Low temperature /
high dipolar forces
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Avalanches in a window frame

The effect of the frame

e Front in the full system

29/48



Spatial avalanches in a window
Magnetization dynamics: spatial structure Searching for the universality classes
Experimental avalanches from MOKE

Avalanches in a window frame
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Avalanches in a window frame

The effect of the frame

e Front in the full system

A e Avalanche in the full
system

e Avalanche in the window
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Avalanches in a window frame

The effect of the frame

e Front in the full system
A e Avalanche in the full

system
e Avalanche in the window

¢ Avalanche cut by
smaller windows

| gt
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Avalanches in a window frame

Distribution of avalanches
In the Full System

— full system

log(P(s))

‘
avalanche size s
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Avalanches in a window frame

Distribution of avalanches
Within the Window frame

— full system
— inside window

log(P(s))

avalanche size s
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Avalanches in a window frame

Distribution of avalanches
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Avalanches in a window frame

Distribution of avalanches
Touching the right edge(01)

— full system
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Avalanches in a window frame

Distribution of avalanches
Touching the left edge (10)

— full system

— inside window
— 00 avlanches

— 01 avalanches
- = 10 avalanches
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Avalanches in a window frame

Distribution of avalanches
Touching both edges (11)
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Avalanches in a window frame

Pi(s) (arb. units.)
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Spatial structure of avalanches in DPD

Directed Percolation Depinning: the quenched KPZ model
Oh(x,t)

o =F-k<h> +9V2h 4+ MN(Vh)? + n(x, h)

h(x,t): height of the front

F: the driving force

k: the “demagnetization field”

v, Al linear and non-linear terms
7: gaussian random noise.
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Spatial structure of avalanches in DPD

Directed Percolation Depinning: the quenched KPZ model

Oh(x, 1)

o =F-k<h> +9V2h 4+ MN(Vh)? + n(x, h)

h(x,): height of the front

F: the driving force

k: the “demagnetization field”

v, Al linear and non-linear terms
7: gaussian random noise.

size exponent: 7 = 1.24
roughness exponent: ¢ = 0.63
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Effect of the demag field
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Area-weighted size distributions in the full system

Traditional size distributions

P(S|Ly) = STP(S/L, "), where L; ~ k™%

= J2 P(S|k)dS ~ f “ 57 ds ~ @1-7) _ [(1=10+0)

A(S)=S8-P(S)
A(S|Lk) _ L]((T_z)(1+C)S177A5k(S/L11{+C)

= (S/L P As(S/L ) /S = 3T Ase(Sk) /S
This is the fraction of the full system area covered by
avalanches with sizes between S and S + ds.
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Magnetization dynamics: spatial structure

Theoretical avalanche distributions in the window

Internal (00) avalanches

-2 _
k

Split (01-10) avalanches

Avo(s|W, L) = %LI(CT_z)(1+<)S1—T+1/(1+<)A10 <LiL+<’ L_VZ)

v

Spanning (11) avalanches

X 2—7m)(1+¢)/¢ W
A (s|W, L) = < (WLLIS) A (WSL]§7 L_k)
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SloppyScaling environment

The goal

Fitting Ao, A10,A 11 together, with a functional form of the
Aoo, A1o, A11 universal functions plus corrections to scaling.

Functional forms of A,, universal functions

—_
(3]

Ago = exp(—(Uoosy”” + Zooss® + Coo(3k5)™)

W
Ao = exp(—(UloSk/ + Z1os)° + Cio(34w)™°)
k
A = exp(—(Unisy” + Zusi +Du ()™ + Cu (k) ™)
k

3 functions, 27 fitting parameters, 24 data sets (for different L,
and W), 133 + 167 + 60 = 360 points
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Multiple data fits
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Multiple data fits

Experimental avalanches from MOKE
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Multiple data fits
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Cross-over between two universality classes(?)

Zigzag walls g

Low temperature /
high dipolar forces

+ k\+""* High temperature /

low dipolar forces

L
20

'
25 30 35

Rough walls
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A simple front propagation model

Eqg. of motion of DW segment along the vertical direction

I‘% = L [ywa%i—i— elastic
Ot  cosb; Ox?
2MpoH+ field
n(i, hi)+ noise
4 pMAA2Y " hi — by dipolar
2« TG =7+ (hi — PP

Laurson, L.; Durin, G. Zapperi, S. PRB 89, 104402 (2014)
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A simple front propagation model

Eqg. of motion of DW segment along the vertical direction

ah 1 O%h;
at = cose{ 82+2MS“°H + (i, hi) +
hi — hj
4 oMz A? — }
< ; [A2(i — j)2 + (h; — hy)?]3/2

| A\

Eq. of motion in dimensionless units

Oh; 1 %h; hi — h;
Dt cos; [Aa 3 et (i, i) +4 ; [G—2+ (b — )2 ]3/2]

where \ = Ip/ A, with Ip = 7,/ (uoM?) the “domain formation”

v
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A simple front propagation model
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The effect of lenght A
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The effect of lenght A
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The real crossover: elastic vs. dipolar

O[T T T T T T T T

r=2
A=233
A=2.66
A=3
A=333
10 v A=3.66
- Ty, =111

> ¢ O O

(1) P(s)

—em Ty =133

R Lol Lol Lol
107 10" 10 10' 10
s/sx
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Magnetization dynamics: spatial structure

Experimental avalanches from MOKE

Getting avalanches from MOKE experiments

e Domain wall dynamics in a
NiO(tnio)/Fe(30nm) with
tyio = 80nm

o Fixed field applied in the
horizontal direction

* Magnification: 10x (values: 5,
10, 20, 50)

e Area: 900 x 900 pm?

e Camera Speed: 2.5 frames/s
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Pixel analysis

Detect grey level ge for each pixel

135+

1301

125

500 600 700
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Pixel analysis
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Pixel analysis

Raw Image 179 + Calculated Aval.

40950 850 900 950 1000 850 900 40950 800 850 900 950 1000

Diff. Image 180 and Image 179 Calculated Aval. Raw Diff and Calculated Aval.
¥ 53

1000 40950

41/48



Spatial avalanches in a window
Magnetization dynamics: spatial structure Searching for the universality classes
Experimental avalanches from MOKE

Avalanches or clusters?
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Not yet exaustive

A
A A A AL A A

10° A AT A A A
A A A A

10 10° 10° 10°
Avalanche size S

For clusters: Ao (S) ~ S'=7Ago(S/S,) with 7 ~ 1.5
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Not yet exaustive
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Role of disorder in DW dynamics
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Outline

©®© Domain walls for spintronics devices
Future DW devices
Role of disorder in DW dynamics
Creep and DW structure
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DW for spintronics devices

Racetrack memory (2008) Magnetologic memory (2005)
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> Fig. 3. Schematic illustration of a three-terminal device that pro-
duces microwaves by utilizing the current-induced DW rotation.

Horizontal Racetrack
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Role of disorder in DW dynamics: rough edges

LETTERS
Faster magnetic walls in rough wires
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Main conclusion...

Roughness should rather be engeneered than avoided
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Thank you very much for your attention J
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