Reduced models for domain walls
in soft ferromagnetic films

Lukas Déring

Conference on Nonlinearity,
Transport, Physics, and Patterns

Fields Institute, Toronto

06/10/14

—— Max Planck Institute for 7,
o\ Mathematics
in the Sciences —_—
MAX-PLANCK-GESELLSCHAFT




Modelling ferromagnetic thin films
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Magnetization patterns in thin-film ferromagnets

R Schifer

Magnetization patterns in Permalloy films

Numerical simulation of domain walls
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Single wall in infinitely
extended film

Periodic domain pattern
with interacting wall tails




Wall patterns on cross-section of film ﬁ
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Wall angle v and film thickness t determine wall type.



Three wall types My ——
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Symmetric Néel wall
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Aim: Understand transitions between wall types for Q <1



Three wall types My ——
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Wall types in Permalloy films
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Hubert, Schafer: Magnetic Domains, Springer, 1098
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Film thickness —

Aim: Understand transitions between wall types for Q <1



The critical regime: Optimal mix .
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What happens in critical regime: 2=\ In%
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Optimal mix: 4

Quantification of optimal mix difficult to access by brute-force

numerics. .
.of core and tails
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Expected behavior: Large domain width. ..
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Expected behavior: Large domain width. ..
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Expected behavior: Large domain width. ..
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Expected behavior: Small domain width. ..
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Expected behavior: Small domain width. ..
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Expected behavior: Small domain width. ..
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Strongly hysteretic transition between asym. walls. ..
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Just a few building blocks. . .
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Reduced model for the structure of domain walls

Theorem (k = oo: D., Ignat, Otto; k < co: D.)

There exist critical points mg of Eop, such that for Q@ — 0,
A the relative film thickness,  the relative domain width:

d ?Esp(mg) =~ min ](Easym(ﬁ) + 21 A= (cos  — H)?)

0€[0,5

and

][ my,q dx & €os opr = H + Z-(cos Oopr — H).
domain

» Proof via [-conv. (minimize Eyp over periodic m).

» Compactness requires “shifting argument” to ensure that
{mq}q converges to a domain wall.
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Stray-field free core: Néel and Bloch. ..
Eosym(0) := min {/Q]lezdx

m: Q—S? has wall angle 6,
with V-m’=0 in Q, m3=0 on 09
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.two topologically distinct wall types
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Comparison of theory and experiments
CogoFesoBoo films (lateral width 60m) with parameters
thickness/nm | 102 153 212

Q/107* | 136 093 1.16

poMs = 1.48T (measured in a single film of small thickness)
d = 3.86nm (from Conca et al., J. Appl. Phys., 2013)
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Experiments: C. Hengst
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Comparison of theory and experiments
CogoFesoBoo films (lateral width 60m) with parameters
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poMs = 1.48T (measured in a single film of small thickness)
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Further questions

Transversal (in)stability and
path to cross-tie wall

Stability of asymmetric walls

Comparison of critical 9

* o _ 2
wall angle a* ~ arccos(1 — %)

2 .
(A = 21— ) to experiments
"G




Further questions

Existence of stray-field free e
walls under degree constraint OR
(energy of div.-free bubbles?)

D., Esselborn,
Ferraz-Leite, Otto

Thin-film numerics with realistic
wall-energy density

Van den Berg,
Vatvani

LLG evolution for unwinding _‘\‘—1—;—[—_\__
walls: Fast relaxation in core — T

slow wall motion? I
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