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Study on Spin Current and Magnetization Dynamics in Transition Metals and Complex Oxides

Thesis Summary

Since the first observation of the spin Hall effect about two decades ago, research on spin-orbit torque
has flourished, exploring various materials, methodologies, and applications. Central to this progress are
the spin Hall effect and the Rashba-Edelstein effect, which realize charge-to-spin conversion in solids.
Significant efforts have been devoted to unraveling their mechanisms and establishing principles for
their control. However, despite extensive studies on these phenomena, there is still unresolved physics
that remains overlooked. For the continued development of spintronics, it is essential to precisely
disentangle and isolate the diverse underlying physics behind the observations. This study
systematically distinguishes and organizes the various phenomena contributing to current-induced
torques, shedding light on previously overlooked but fundamentally significant physics in spin current
research. The insights gained from this work provide a solid foundation for more rigorous and accurate
discussions in the field of spintronics, paving the way for its continued advancement.

This thesis consists of seven chapters. Chapter 1 introduces the historical background of the
development of spintronics and the objectives of this study. Chapter 2 describes the theoretical
background, explaining the physical phenomena such as magnetization dynamics, spin torque, and
charge-to-spin conversion that underpin this study. Chapter 3 outlines the device fabrication,
experimental methods, and data analysis procedures used in this research. Chapter 4 describes spin
current generation in paramagnetic metals. By observing the crossover of the spin Hall effect in Pt,
whose lattice constant and resistivity are controlled by N introduction, it is demonstrated that the intrinsic
spin Hall effect is robust against changes in the lattice constant. Chapter 5 describes spin current
generation in ferromagnetic metals. Observations of the spin Hall effect apart from the spin anomalous
Hall effect in an epitaxial ferromagnet Fe;Si reveal that charge-to-spin conversion is independent of its
magnetization direction. Chapter 6 describes current-induced torque in oxide heterostructures.
Measurements of the current-induced torques on SrTiOs-based devices show that the Oersted torque
due to the leakage of radio frequency charge current dominates over spin-orbit torque due to the

Rashba-Edelstein effect. Finally, Chapter 7 concludes the study by summarizing the key findings.




