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Proper definition of spin current in spin-orbit coupled systems
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Abstract The conventional definition of spin current is incomplete and unphysical in describing spin transport
in systems with spin — orbit coupling. A proper and measurable spin current is established in this study which fits
well into the standard framework of near — equilibrium transport theory and has the desirable property to vanish in

insulators with localized orbitals. Experimental implications of our theory are discussed.

Keywords spintronics spin current spin-orbit coupling spin Hall effect Onsager relation
1—6 _
1
® 10544004
2006 —03 -28 2006 -05 -22
¥ . Email jrshi@ aphy. iphy. ac. cn
720-

http //www. wuli. ac. cn



aS

: =7 1
ot vV :
Js
P. 7r =-V- P r 1
aS
‘+ Vv J +P, =0 2
ot
1
1
ys = Js + PT
AR, X
e
3
- 78 3
dePT =- jdVr V. P,
der.Zr J.
7—8
9
FS
1
2
10—11
: 1 1 2
r S./7, T

35 2006 9 http //www. wuli. ac. cn - 121



(77)= (7))

o
sC
o
Ccs
o
sc
o
cs
o
sc — cs
O = 7 Opa
cs
o,
Kubo
12
13
722-

sS

pulk

BN S

eI e Y, |

10
11

12
13

Dyakonov M I Perel V1. JETP 1971 33 1053
Hirsch J E. Phys. Rev. Lett. 1999 83 1834

Zhang S. Phys. Rev. Lett. 2000 85 393

Murakami S Nagaosa N Zhang S C. Science 2003 301
1348

Sinova J et al. Phys. Rev. Lett. 2004 92 126603
Culcer D et al. Phys. Rev. Lett. 2004 93 046602

Kato Y K et al. Science 2004 306 1910

Wunderlich ] Kaestner B Sinova J et al. Phys. Rev. Lett.
2005 94 047204

Shi JR Zhang P Xiao D et al. Phys. Rev. Lett. 2006 96
076604

Sun Q F Xie X C. Phys. Rev. B. 2005 72 245305
Wang Y Xia K SuZ B et al. Phys. Rev. Lett. 2006 96
066601

Zhang P Niu Q. cond — mat/0406436 unpublished
Sugimoto N Onoda S Murakami S et al. cond — mat/0503475

http //www. wuli. ac. cn



