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Thesis Summary

In spintronics research, the control of magnetization using the spin current has played a crucial role.
The spin Hall effect and the anomalous Hall effect, which are the phenomena that generate the spin
current, have been actively studied. It is widely known that spin Hall effect occurs in heavy metals such
as Pt, and anomalous Hall effect in transition metal ferromagnets such as Ni and Co, and these
phenomena continue to attract much attention. More recently, the existence of orbital current has been
theoretically suggested, indicating that it can be used for magnetization control, similar to spin current.
Orbital current can be generated by the orbital Hall effect, that does not require spin-orbit interactions,
and thus can be observed even in light metals such as Ti. Therefore, it is very promising, but the physics
of current-induced torque originating from orbital current is not fully understood. This study focuses on
the observation of angular momentum flow generation phenomena (spin Hall effect, anomalous Hall
effect, and orbital Hall effect) in metal thin film systems and on new knowledge of the current-induced
torque in ferromagnetic materials.

This thesis consists of six chapters. In Chapter 1, as an introduction, the background of spintronics
development and the purpose of this study are explained. Furthermore, the theories that are the
prerequisites for this study, such as the angular momentum of electrons, magnetization dynamics, the
Hall effect including the generation of angular momentum flow, and current-induced torque, are
explained. Chapter 2 describes the experimental methods and analysis techniques used in this study.
Chapter 3 demonstrates the observation of the spin Hall effect in ferromagnetic/heavy metal bilayers
and the electrochemical control of torque derived from spin current, establishing a robust quantitative
method for torque efficiency. Chapter 4 discusses the observation of the anomalous Hall effect in van
der Waals ferromagnetic thin films, which have attracted much attention in recent years, based on
scaling laws to reveal a significant extrinsic anomalous Hall effect. Chapter 5 observed orbital torque
due to the orbital Hall effect in ferromagnetic alloy/light metal bilayers and clarified the dependence of
the orbital torque on the ferromagnetic layer. In Chapter 6, as a conclusion, the results obtained in this

study is summarized.




