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Motivation: Spintronics with skyrmions  UNB
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S. Zhang Scientific Reports (2016)
a) S.Woo Nature Materials (2016)

b) O. Boulle Nature Nanotechnology (2016)

16/06/2023 DETERMINISTIC APPROACH FOR SKYRMIONIC DYNAMICS AT NON-ZERO TERMPERATURES




LLG Equation UNB

Laundau-Lifshitz-Gilbert equation determines the time evolution:

(14 )42 = —ym x Heg — arm X (m X Heg) + T
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Skyrmion — LD interaction
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Rigid Model UNB

Micromagnetic model

Rigid model
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Rigid Model: Basics UNRB

(G — MyaD)v, +~YMZF =0

Fspg = My(N + (MY)vy

_ kBYH .
VH — |€|MS(ZXJH)
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Temperature: Stochastic TE UNB

(G — MyaD)vy + MNvy +yMZ (Foxe +Fa) = 0
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Skyrmion Fokker-Planck Equation UNRB

0

2
ap(ra t) = -V - [p(ra t) (Vdrv + Veﬂ?t)} + de p(ra t)
3 - The Fokker-Planck equation is a continuity equation,
D, = ’}/I\QJS angBQT 5 hence the probability is conserved.
MO(G + D<*a MS )
o 1 - The solution is the probability density p(r,t) of finding
Vary = =(G —aMD)"" M.NV g a skyrmion in a given position and time, a
Vet = —(G — QMSD)_lyMEFeH deterministic magnitude.
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Analytical Solution: Free skyrmion UNB

T=150K

Feyr =0 Vi = (Oa Vy) T =100 K

No external agents (apart from a driving
current)

====) brownian diffusion that
is translated at constant speed. 12 nm

T=200K T=300K

p(r,t =0) = N(0,0)

plrt) = N (r Vol o2+ 2Ddt>
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Skyrmion dynamics under a Pin Potential UNB

Fov = —Fo S esp (<2 vy =0
exrt — — Opx exp _v H—(-a y)

If the temperature is 0, then skyrmions will or will not be trapped.

If we have a non-zero temperature, skyrmions may or may not be trapped.
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Skyrmion dynamics in a Racetrack UNB
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Racetrack with grains UNB

W. Legrand Nano Letters (2017)

16/06/2023 DETERMINISTIC APPROACH FOR SKYRMIONIC DYNAMICS AT NON-ZERO TERMPERATURES



7. Modeling Granularity UNRB

Ka*y 4 AK R*r(R* — r?) .

F, =
T M, (R2+2)

F;z;r/ O'ldFlddS Uldzl/ag
SQ'
fo = 2KAK~R?)/(j0M,)
— \/(r +L,/2)% + R?

2 2 R? R?L "
F,. = fo [arctan ( g/ ) (— + —) J 5 r
"o "o 2rg[(Lg/2)* + rg] |,
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7. Modeling Granularity UNRB

Ka*y 4 AK R*r(R* — r?) .

F, =
T M, (R2+2)

Fgr = / o1q Fig .S O1d = 1/(12
Sg
fa = QKAK~R?) /(M)
ry = \/(?" T Lg/2)2 + R?

2 2 R? BQL "
F, = arctan Ly/ ) (— + —) : r
’ fG[ ( ro ro 2rg( 9/2) +15] ],
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7. Modeling Granularity UNRB
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Solution of the FPE 4
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Conclusions UNB
° Granularity and a

temperature can be
incorporated
(simultaneiously) in the

The rigid
approximation is valid for
a realistic range of

skyrmioninc modeling parametres
e Depending on the °
granularity, the racetrack The detail of the shape of
can prevent skyrmions to grains is less important
transport information at than their heterogeneity

a desired precision
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Micromagnetic Simulations UNB

b a) 50 nm p,, Phasem-B PhaseO-H
. . IR TS EE AT I AT ROV E RN NN ]
F) I—‘ X P\ V'P2 Destructive interference
c) P‘"'U VP2 Constructive interference
= 500 nm
40 100 Interference
—~ “onlyp, — :
£ Y % 57 Constructive |
= £ M
2 o :
o
o o o 0 0 2I:I nm E- =20 H §-
i 57 1 _ H 8 UN -50 4 | |’
: |, 57nm ¢ ‘*—51‘1”1—* o : s 401 = 754 BOthP and P, |
2000 -1000 0 1000 2000 -2000 0 2000
d) Position (nm) e) Position (nm)
S. Zhang Scientific Reports (2016) S. Zhang Scientific Reports (2016)

mumax:

GPU-accelerated micromagnetism
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Micromagnetic simulation UNB
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Linear Defects and skyrmions (LD) UNB

* A defect can be an atomic substition, a vacancy... 0

* At the micromagnetic scale they can be modeled as local
variations of physical parameters

C. Navau JMMM (2018)
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Rigid Model: Basics UNRB

(G — MyaD)v, +~yYMZF =0
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7. Paper C: Modeling Granularity UNRB

Ka*y 4 AK R*r(R* — r?) .

F, =
T M, (R2+2)

Fgr = / o1q Fig .S O1d = 1/(12
Sg
fa = QKAK~R?) /(M)
ry = \/(?" T Lg/2)2 + R?

2 2 R? BQL "
F, = arctan Ly/ ) (— + —) : r
’ fG[ ( ro ro 2rg( 9/2) +15] ],
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7. Paper D: Results
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* As we increase the intensity of 0.4
the defects, the transport of 0.2
the skyrmions is delayed. a0
* If we further increase it, there n.f 1.0
is a probability that the 0.8
skyrmion never reaches the 0.6
end of the track. 0.4
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7. Paper D: Results UNRB
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grains (hence, raising the number '
of them), the dynamics of the 0.2 - )
skyrmions are less affected. 0.0 -

 As expected, if the grains are
much smaller than the size of the
skyrmion, the force field that the
skyrmion feels is neglectable
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