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Spin current, a flow of electron angular momenta, can be generated in various 

ferromagnetic materials and play a key role in spintronics. Spintronics devises are 

controlled by spin current and thus the well defined spin current is of crucial 

importance [1]. However, it is well known that the spin current can propagate only 

for a short distance (a few-10 nm) [2]. Therefore, efficient generation of long-range 

propagating spin current is one of the primary issues in spintronics. 

Here, we theoretically study spin current through ferromagnet (F) in a ferromagnetic 

Josephson junction composed of s-wave superconductors and two layers 

ferromagnets. Using quasiclassical theory, we show that long-range spin current can 

be driven by the superconducting phase difference without voltage drop. The origin 

of this spin current is due to spin-triplet Cooper pair (STC) formed by electrons of 

equal-spin, which are induced by proximity effect inside the F. We find that the 

present spin current carried by the STC can propagate over a much longer distance 

inside the F, as compared with the ordinary spin current carried by spin polarized 

conduction electrons, even where the Josephson current is practically zero. Our result 

therefore indicates that the spin and charge degree of freedom can in practice be 

separated in the present SF junction. [1] S. Maekawa, Concepts in spin electronics 

(Oxford University Press, Oxford, 2006). [2] T. Kimura et.al., Phys.Rev.Lett. 96, 

037201 (2006). 
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