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Abstract: Magnetic skyrmions offer the potential as an information carrier for the next-generation storage and computing
devices such as racetrack memory devices, logic gates, and even neurocomputing owing to the topology-protected structure,
nano-scale size and relatively low driving current compared to traditional devices. The discovery of magnetic skyrmions at
room temperature also lays the foundation for realizing room-temperature magnetic skyrmion spintronic devices. Defects
and impurities are unavoidable in real materials. These pinning centers significantly affect the dynamics of the skyrmion,
including the critical driving current, and the Hall angle, etc. The study on room-temperature magnetic skyrmions in thin
films has shown that the effect of pinning can be dominant at room temperature. Hence, the study of pinning effects and the
skyrmion-pinning interaction is significant to the motion of magnetic skyrmions at room temperature and the realization of
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room-temperature magnetic skyrmion spin devices Magnetic skyrmion motion can be strongly modified under the effect of
pinning (defects and purities). Moreover, these effects can inspire us to utilize artificial pinning centers to manipulate the
dynamics of skyrmions. In this article, we introduce the models for skyrmion motion and pinning effect at room
temperature and gives an overview of the methods for creating different types of pinning and their impact on the skyrmions.
When pinning is induced by replacing or adding atoms, setting vacancies, changing the material thickness or curvature, or
changing magnetic parameters, the skyrmions hall angle will vary. Moreover, the magnetic skyrmions can be fixed in a
particular region, move along a specific orbit and overcome thermal perturbations at room temperature under the effect of
pinning, which helps to realize magnetic skyrmion spin devices at room temperature.
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Figure 3 Illustration of the cross-section of PdFe/Ir(111) surface
with the defects location (positions label 1-5) [47].
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Figure 4 Snapshot of a micromagnetic simulation of skyrmion
driven by a current in the presence of a single vacancy: a
missing spin (gray sphere). The trajectory of the skyrmion
center is indicated by a red line [50]. Reprinted figure
with permission from [Miiller J and Rosch A, Phys. Rev.
B, 91, 054410, 2015.] Copyright (2015) by the American
Physical Society

Iwasaki 55 AL T > LURE A% B 5 KR AL
FENFERRTTIATIL, R ZATILE T MnSi 40K 3%

BRAGAL, RBGEEA E A B A S

T AT A% BH Tt AT REAE 1% 25 SR A A AR [51]- Suess [52]
N FIREWHIT 7RG B A F 236k, fE PYCo/Ta %
EREEE R ZEE BN T — A KT RS 87 1
WAL, W 5 . SRR, TolRIXLes] 4L 5 2
1) e B K T A% B T IR R e

| 5 Pt/Co/Ta FEIE AT HLon E EI[52]
Figure 5 Illustration of the Pt/Co/Ta racetrack with pinning [52]
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Figure 7 Curvilinear pinning [57]. Reprinted figure with permission

from [Kravchuk et al., Phys. Rev. Lett. 120, 067201, 2018.]
Copyright (2018) by the American Physical Society
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Figure 8 Possible pinning positions for an individual skyrmion
considering different kinds of defects. Spheres correspond to
individual Co atoms. Skyrmions can pin either at the center
(in blue), at the domain wall (in green), or between the two
(in cyan) depending on the energy landscape in the vicinity of
the defect [49]. Reprinted figure with permission from
[Dusan Stosic, Teresa B. Ludermir, and Milorad V. Milosevié¢
A, Phys. Rev. B 96, 214403, 2017.] Copyright (2017) by the
American Physical Society
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