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Magnetization switching driven by spin-orbit torques (SOTS) is crucial to realize ultrafast and energy-efficient
spintronic memory devices. SOTs generated from ferromagnetic materials (FMs) are of great scientific and
technological interest because the spin polarization orientations of spin currents in FMs can be controlled by their
magnetization directions, and some of them, such as L1c-FePt,Y exhibit large charge-to-spin conversion efficiency.
Recently, a remarkable anomalous Hall effect was observed in the ferromagnetic semimetal Co,MnGa owing to the
topological Weyl state in its band structure,>® which may contribute to the SOT. For example, the efficient SOT
magnetization switching has been reported using nonmagnetic Weyl semimetal WTe,.® Thus, studying the spin
transport properties of magnetic Weyl semimetal (MWS) combining FM and Weyl state is a promising step towards
novel spintronic devices. In this work, we investigated the spin current generation and SOT-driven magnetization
switching in Co,MnGa-based MWS thin films.%

Co,MnGa-based heterostructures were deposited by magnetron sputtering. The films were characterized by
reflection high-energy electron diffraction, atomic force microscopy, X-ray fluorescence and X-ray diffractometry. The
magnetic properties were measured by a vibrating sample magnetometer. Furthermore, the samples were
microfabricated into Hall bar structures by UV lithography. The transport properties of the films were characterized by
harmonic Hall measurements in a physical property measurement system.

Epitaxial Co,MnGa (001) films with flat surface morphology and highly B2-ordered structures were grown on
MgO (001) substrates. The spin Hall efficiency &n was evaluated to be -7.8% in a 1.3-nm-thick Co,MnGa film. The
SOT-induced magnetization switching of a perpendicularly magnetized CoFeB layer was demonstrated in a SOT device
with the core structure of Co.MnGa/Ti/CoFeB. The Hall resistance change after electric current application suggests
almost all the magnetic moments of the CoFeB film were reversed by the applied electrical current. Then we studied the
mechanisms of spin current generation in this trilayer structure. The second harmonic Hall signal shows a non-zero
value when the magnetization of Co,MnGa is parallel to the electrical field. The Co.MnGa thickness (tcms) dependence
of |&su| shows the amplitude of sy slightly decreases with increasing teme. The shift of anomalous Hall effect loops with
applied current is nearly negligible. Those results suggest that the spin—orbit filtering effect at the Co.MnGa/Ti interface
and/or magnetization-independent spin Hall effect in Co,MnGa may account for the spin current generation in the
Co,MnGa/Ti/CoFeB heterostructure. This work not only provides contributions to the understanding of the mechanisms
of spin-current generation from MWS-based heterostructures but also open a way for the applications of MWS in
spintronics.

This work was partially supported by the KAKENHI (Nos. JP20K04569, JP20H00299, JP16H06332, and
JP20K15156) from the Japan Society for the Promotion of Science (JSPS), the Inter University Cooperative Research
Program of the Institute for Materials Research, Tohoku University (No. 20K0058).
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