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The conversion between an electric current and a spin current through spin-orbit coupling is fundamental 

to realize spintronic devices. The quantification of the strength of the spin-orbit coupling is crucial to 

develop efficient spintronic devices. Conventionally, the efficient conversion from an electric current to a 

spin current has been achieved using heavy metals with strong spin-orbit coupling, such as Pt. However, 

recently it was discovered that the conversion efficiency of Cu with weak spin-orbit coupling is found to be 

significantly enhanced through natural oxidation [1]. The conversion efficiency from an electric current into 

a spin current of naturally-oxidized Cu is comparable to that of Pt. Although the efficient conversion using 

Cu promises a way to realize efficient spin-orbit devices without using heavy metals, the mechanism of the 

enhancement of the conversion efficiency through the oxidation remains elusive. Thus, it is important to 

quantify the oxidation effect on the spin-orbit coupling of Cu. 

In this study, we characterize the spin-orbit coupling strength of CuOx by measuring the weak 

anti-localization (WAL) effect. To study the oxidation effect on the spin transport properties of Cu, we 

fabricated the CuOx films with different oxidation levels using reactive sputtering. Figure 1 (a) shows the 

magnetoconductivity for the CuOx films with different oxidation levels. From this result, we have extracted 

the oxidation level dependence of the spin diffusion length (LS) and strength of the spin-orbit coupling 

(lSO) as shown in Figs. 1(b) and 1(c), where lSO was calculated from the spin relaxation time and 

momentum scattering time. Figures 1(b) and 1(c) demonstrate that the spin diffusion length decreases 

monotonically, whereas lSO decreases at the low oxidation level and increases at the high oxidation level. 

 

Fig. 1 Weak anti-localization. (a) WAL curves for the CuOx films. (b) Resistivity (r) dependence of the spin 

diffusion length (LS). (c) r dependence of the spin-orbit strength (lSO). 

[1] H. An, Y. Kageyama, Y. Kanno, N. Enishi, and K. Ando, Nat. Commun. 7, 13069 (2016). 

第65回応用物理学会春季学術講演会 講演予稿集 (2018 早稲田大学・西早稲田キャンパス)17p-P10-28 

© 2018年 応用物理学会 09-038 10


