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Fig. 1. (a) Sketch of a DM interaction at the interface of ferromagnetic metal/non-ferromagnetic metal heterojunc-
tions [7]; (b) the spin texture of a Néel-type skyrmion, when the a electron traverses it, the electron spin undergoes

a 2m rotation, and the Berry phase accumulated results in the topological Hall effect (81,
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Fig. 2. (a) Magnetic-field dependence of topological Hall resistivity p;ry; (b) a contour map of pgy in the plane of
temperature and magnetic field. The white curve represents the temperature variation of the critical field, at which

the ferromagnetic spin-collinear state is realized (101,
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Fig. 3. (a) Schematic atomic conguration of a representative multilayer stack, Ir[3]/Fe[1]/Co[2]/Pt[3], used

for ab initio density functional theory calculations, the relaxed interlayerdistances (in A) are indicated on
the left; (b), (c) total atomic DMI strength d'°* and effective DMI strength Dppr in Ir[3]/Fe[a]/Co[b]/Pt[3]

stacks with varying Fe/Co composition (number of atomic layers in braces).
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Fig. 6. (a) Hysteresis loops for the out-of-plane and in-plane magnetizations of the single MnGa film at 300 K;
(b) total Hall resistivities in the single MnGa film at 300 K; (c¢)—(f) total Hall resistivities in the MnGa/Pt and

MnGa/Ta films at 300 K [24],
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Fig. 7. Topological Hall resistivities in the MnGa/Pt and MnGa/Ta films in the temperature range 5-300 K (241,
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Fig. 8. Spin orbit torque in sample C/Pt (5 nm) bilay-
ers, the applied in plane external field B, is 0.1 T [24].
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Abstract

In a magnetic system, the spin orbit coupling can combine with the exchange interaction to generate an anisotropic
exchange interaction that favors a chiral arrangement of the magnetization. This is known as the Dzyaloshinskii-Moriya
interaction (DMI). Contrary to the Heisenberg exchange interaction, which leads to collinear alignment of lattice spins,
the form of DMI is therefore very often to cant the spins by a small angle. If DMI is strong enough to compete with
the Heisenberg exchange interaction and the magnetic anisotropy, it can stabilize chiral domain wall structure such as
skyrmion. When a conduction electron passes through a chiral domain wall, the spin of the conduction electron will
experience a fictitious magnetic field (Berry curvature) in real space, which deflects the conduction electrons perpendicular
to the current direction. Therefore, it will cause an additional contribution to the observed Hall signal that is termed
topological Hall effect (THE). The THE has attracted much attention since it is a promising tool for probing magnetic
skyrmions. Recent extensive experiments have focused on the the THE in the ferromagnetic/non-ferromagnetic metal
heterojunctions due to the inherent tunability of magnetic interactions in two dimensions. We firstly review the THE in
ferromagnetic multilayers, in which the domain wall energy with interfacial DMI can be written as ¢ = 4V AK — D,
where Dis the effective DMI energy constant, A the exchange constant, K the anisotropy constant. For the most favorable
chirality, it lowers the energy. The limit of this situation is when o goes to zero, which defines the critical DMI energy
constant D, = 4vVAK /m. Therefore, the domain wall energy would be negative and the chiral domain walls should
proliferate if D > D., and the methods that can modulate D and D. to reduce o have been explored. We have also
reviewed the THE in MnGa/heavy metal bilayers. The largest THE signals have been found based on the MnGa films
with smallest D., which correspondingly results in the smallest o. The large topological portion of the Hall signal from
the total Hall signal has been extracted in the whole temperature range from 5 to 300 K and the magnitude of fictitious

magnetic field has been determined.
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