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• Ordinary Hall effect (1879)

• Anomalous Hall effect
(1880&1881)
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• Karplus & Luttinger (1954)

• J. Smit (1955)
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Anomalous Velocity

Theories
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Intrinsic: spin-orbit interaction with 
nonzero  interband matrix element of 
the current.

Extrinsic: spin-orbit interaction with 
asymmetry scatterings at  impurities.

Skew Scattering



• L. Berger (1970)
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Side Jump

Extrinsic: spin-orbit interaction with 
side-jump scatterings at  impurities.

2
xxxxah ba ρρρ +=



→

→→

∂

∂
=

k

k
dt

trd n )()( ε

dt
trdrB

r

rV
dt

tkd )()()()(
→

→→

→

→→

×−
∂

∂
=

r- space curvature
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Karplus-Luttinger Term —— Berry Curvature

ΩkEj ∫×−= )(32 fkdey

intσ∝

Berry curvature
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Extrinsic or Intrinsic ???



Question 2:
Intrinsic and Extrinsic in the AHE  ?

Question 1:
Proper Scaling of the AHE ?
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Dashed lines are fittings with: 2
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~ Impurity  (Skew scattering)

~ Phonon   (Unknown)
xxρ

Matthiessen's rule :

0xxρ

Tρ
+=

Txx

Txxxx

aa

aaa

ρρ

ρρρ
′′+′⎯→⎯

+=

0

0

0xxρ

xxTρ

Can we use ?2
xxxxah ba ρρρ +=

0ahρ

ahTρ



2
00 )( xxTxxxxTxxah baa ρρρρρ ++′′+′=

a′

a ′′

b



1 10 100

-20 -0.5

0 5 10 15 20

-5

0

5

10

15

Thickness (nm ) 

)

ρ
xx0
 (μΩ cm )

a
’ (
1
0
-3
)

(b)

α=-5.9x103

β=1.04x103 Ω-1
cm

-1

0xxa βρα +=′



Old scaling:
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New scaling:
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Old scaling:



New scaling:
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Proper Scaling of the AHE
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What β and b really mean ???
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Conclusion 2:
Intrinsic and Extrinsic in the AHE  ?

Conclusion 1:
Proper Scaling of the AHE ?
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