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Figure 2. Three major mechanisms of ferroelectricity of spin origin: (a)—(c) exchange-striction mechanism arising from the symmetric spin
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Spin Current model

AS a condition of absence of currents
\_ J

ps__H pogr
mc

[ Spin Current: How to get it? J

4 )

%gug“ﬁys%sy =)

0,S = 2—”[S>< B] 1 gu[SxAS]+2—ﬂg“ﬁ7gﬂ“VJ”‘EV
h 6 hic

1 ) ) Job :-%gquSﬂaﬂsv
+§g(m[(5.[5xv])s—s [6xV1s” | \_ )

g, = [E0EFE g, =[EBEAE Dy =pr)r,xd




~

J

4 )
Polarization for the Spin Current
from HH
N\ Y
[ ps M pw gy ]
mcC
4 N 7~
%gugaﬁVSﬁASV :_aﬁ‘lﬁﬁ PﬁHH :igﬂyﬁ\]ﬁHH
mcC
1 B_Qh
=== g,((5-V)s? =87 (V-S
N :_lguga,uvs,uaﬂsv \_ 6 mc (( ) ( ))
k 6 / a4 _ _ )
Same polarization can be found
| asaverage of edm operator )

P(rt)=[>6(r-r)¥'(R1)-d,-¥(R )d"R

CAli = Zaij (rij)[rij x[$, Xéj]]

J#i

a =LUij U; ~  exchangeint
2mc



Polarization for the Spin Current
from HH:

\Comparison with ““Tokura and I\/Iostovoy”J

mcC

1
pF o H g = H 4 ((S.v)SP_SP(V.S
[ HH & HH GngU(( ) ( )) J

4 ™
Same polarization can be found

as average of edm operator

P(r,t)=jZ§(r—ri)\1ﬂ(R,t)-ai “P(R,t)d*R

d = o (1) <[5 %811 a; :ZLUU. U, ~ exchangeint
[ mc



Spin Current from DMI
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Comparison with “Tokura”

\_

\ _J
ps M sy
mc
A 4 ps M pegw
o 1 Wby oy o2 DM me DM
‘JDM __Eg(ﬂ)g o’ -S
1w f o2
/ === 00" S

:

— \_ - 3me
Same polarization can be found
as average of edm operator

P(r,’[):_[Z:5(r—ri)\I”(R,t)-(§ii (R, t)d’"R




Spin Current from DMI:
non-homogeneous contribution
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