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Fig. 1. Schematics of typical topological domain structures: (a) Bloch-type skyrmions?); (b) Néel-type skyrmions®; (c) anti-skyrmionsl?);

(d) biskyrmions!'’; (e) meron!'.

017504-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 1 (2024) 017504

(a) Emergent magnetic field Beg .

1 ! Topological
T _J‘\,fi " Hall effect
L1 “$ 7.1 ﬁ Skyrmion
Y .- ‘};"'i Hall effect
@ <D i
e AR
Emergent &
electromagnetic induction
Yy
i&‘}}- ‘_-_;‘ i‘fé‘ Electron flow
o =
WY N
NI
{\1; ﬁ"ﬁlf}
. ¢ e
MEEEXN

(b) i

5 pm

»

|

B2 (a) HENERNR ZIE L2 (b) S50 25 24 20

Fig. 2. (a) Schematics of topological Hall effect'?7; (b) experiment results/?.
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Fig. 3. Meron chains inside domain walls in 2D ferromagnets Fe;_,GeTe,['!: (a) Crystal structures of Fe;  GeTe,, and the positions
of Fe(1) and Ge is partially occupied (labelled by color difference); (b), (e) the in-plane magnetization resolved by TIE in the selec-
ted regions of two domain walls at 180 K (arrow and color represents direction and amplitude of in-plane magnetization respect-
ively); (c) the L-TEM contrast of in-plane 180° domain walls at 250 K (the scale is 1 pm); (d) evolution of meron pair contrast dur-

ing cooling process; (f) 3D distribution of magnetization inside 180° domain walls; (g), (h) merons with two different chirality

(clockwise and anti-clockwise).
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Fig. 4. Origin of domain wall meron chains in Fe; ,GeTe,/'!: (a) Temperature dependence of magnetic susceptibility y as the mag-

netic field along two directions (H//c and H//ab); (b) M-H curve as magnetic fields along out-of-plane and in-plane direction (H//c

and H//ab) at different temperature; (c) directions of domains parallel and perpendicular to ¢ axis during SRT; (d), () SAED pat-
terns of [110] ribbon axis at temperature above 100 K (d) and below 100 K (e).
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Fig. 5. Dynamic behavior of meron chains!': (a) Schematics of circuit when applying; (b), (c) position change of meron chains after
applying voltage; (d) schematics of introduced magnetic field with sample tilted along c-axis; (e), (f) distribution of domain wall
meron chain positions at the sample tilted angle of 4° and —12° with fixed perpendicular field of 0.02 T; (g) interval between

domain wall meron chains with the variation of tilted angle (The scale bar is 500 nm).
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Fig. 6. Meron pair contrast change with temperaturel*: (a)-(e) Evolution of domain wall L-TEM contrast with temperature in

Gd5, (FegsCog)ss » (z = 0.2); (), (g) TIE results inside and outside domain walls at 243 K; (h) enlarged part of yellow box in pan-
els (a)—(e); (i), (j) TIE results inside and outside domain walls at 300 K (The scale bar is 2 um).
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Fig. 7. Micromagnetic simulation results of domain wall topological transition!: (a) Experimental data of anisotropy constant K,

and saturation magnetization M; at different temperature in Gdis, (FegsCog)gs » (z = 0.2); (b) the phase diagram of topological

transition starting from meron pair at different K, and M, value and the SRT regions observed in experiment; (c), (h) simulation

results of corresponding L-TEM contrast; (d)—(g) evolution from meron pairs to skyrmions by simulation at 270-300 K, the out-of-

plane magnetization is indicated by red (+m,) and blue (-m,), the in-plane magnetization is indicated by white region and black

arrows; (i)—(k) 3D schematics of corresponding spin structures.
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Fig. 9. Schematics of domain meron pair and its forming mechanism!l.
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Fig. 11. Experimental results under electric stimulus*®: (a) Schematics of in-situ current experiments; (b) position change of

domain wall skyrmions at different time under 32 mA DC (The scale bar is 500 nm).
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SPECIAL TOPIC—Two-dimensional magnetism and topological spin physics

Research progress in the magnetic domain wall topology”
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Abstract

Topological magnetic skyrmions, as information units, possess distinct advantages such as high reliability,
enhanced integration, and low energy consumption. These novel topological characteristics offer critical material
and technological support for the rapid development of information technology, 5G communication, and big
data. However, the application of magnetic skyrmions in practical devices is severely impeded by certain
limitations, including their stability dependence on magnetic field and the deflection caused by the skyrmion
Hall effect under electric current. Consequently, exploring new topological magnetic domain structures and
material systems suitable for application becomes a pivotal area of research. This paper primarily focuses on
experimental studies utilizing high-resolution Lorentz transmission electron microscopy for in situ real-space
observation and manipulation of topological merons and skyrmions inside the magnetic domain wall, confirming
the theoretical prediction of magnetic domain wall skyrmions in 2013. We has firstly achieved topological meron
chains inside the domain walls by using the spin reorientation transition in two-dimensional van der Waals
Fe; ,GeTe, magnets, and systematically studied the dynamic behavior of domain wall topological magnetic
domain structures under external electric and magnetic fields, filling the blanks in this research area. The
important and special roles of magnetic domain walls are revealed at the same time. Then the GdFeCo
amorphous ferrimagnetic thin film was designed and prepared based on the summarized mechanism with the
domain wall meron pairs successfully reproduced. Moreover, the reversible topological transformation from
domain wall meron pair to domain wall skyrmions has also been realized without external magnetic field during
spin reorientation transformation as temperature changing. The results of micromagnetic simulation and electric
experiments on the topological domains in domain walls would provided a strong basis and support for the

future research.

Keywords: magnetic domain wall meron, magnetic domain wall skyrmion, spin reorientation transition,

Lorentz transmission electron microscopy, two-dimensional magnet
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