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This research focuses on the fabrication of Si-Al compositional gradient materials, the control of
the composition gradient through annealing, and the modulation of spin current. Initially, the full
structure annealing of Si-Al /NiCu resulted in the loss of NiCu magnetization, making spin torque
evaluation difficult. Therefore, a process was adopted where only the gradient material underwent
annealing, avoiding the issue. Spin current evaluation using the ST-FMR method showed that the
spin current generation efficiency decreased after annealing, with higher annealing temperatures
leading to further efficiency reduction. This indicates a decrease in spin current generation
efficiency due to the increased gradient width caused by thermal diffusion. Consequently, this
research established a method for controlling the graded structure and modulating spin current
through annealing, leading to significant findings in understanding the spin current generation
mechanism in gradient materials.
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This research focuses on the fabrication of Si-Al compositional gradient
materials, the control of the composition gradient through annealing, and the modulation of spin
current. Initially, the full structure annealing of Si-Al /NiCu resulted in the loss of NiCu
magnetization, making spin torque evaluation difficult. Therefore, a process was adopted where only

the gradient material underwent annealing, avoiding the issue. Spin current evaluation using the
ST-FMR method showed that the spin current generation efficiency decreased after annealing, with
higher annealing temperatures leading to further efficiency reduction. This indicates a decrease in
spin current generation efficiency due to the increased gradient width caused by thermal diffusion.
Consequently, this research established a method for controlling the graded structure and modulating
spin current through annealing, leading to significant findings in understanding the spin current
generation mechanism in gradient materials.
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