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Theories

Anomalous Velocity

« Karplus & Luttinger (1954) 9, I—>

Intrinsic: spin-orbit interaction with 5
nonzero interband matrix element of o
the current. Pin P XX

Q,
Skew Scattering ‘ — @ /

J. Smit (1955)
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Extrinsic: spin-orbit interaction with

asymmetry scatterings at impurities.
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Extrinsic: spin-orbit interaction with P Sj %P xx
side-jump scatterings at impurities.




6. Sundaram and Q. Niu, Phys. Rev. B 59 (1999) 14915.
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Theories

Karplus-Luttinger Term —— Berry Curvature
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Berry curvature
|

j, =—€Ex [ d’%k f (k)Q

C Gint

o . 2
Gint = constant /Oint o Gintpxx




Extrinsic or Intrinsic ?2??




Question 1:

Proper Scaling of the AHE ?

pah — f (/Oxx)

Question 2:

Intrinsic and Extrinsic in the AHE ?
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Can we use pP,, =ap,, +bp,, ?

. \ 0.6 |}
Matthiessen's rule : c
o I
| - GoalL
Pxx0- Impurity (Skew scattering) = ™ PapT
Pyx= T i |

Pt ~Phonon (Unknown) — #ah0 === |

‘S 20|
O =
&
aloxx — aIOXXO T a‘IOT = 16 __ ]
/ 44 Q_X
>a'p,.,+a po; = 125" 6.5nmFe

0 100 200 300
T(K)



pah — a',pXXO + a'”IOXXT + b(pxxo T lexT)2
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Old scaling:

IOah — aIOXX T bpfx
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2 2
Pah = APxx0 + Boxx0o + Boxx




Old scaling:
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—=—10 nm data
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Old scaling:
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Proper Scaling of the AHE

2 2
Pah = T (PxxO y OXX ) = apPyx0 + Boxx0 + Poxx
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Oah = G(JXX()’GXX): —(ao'xxO +,30'xx0)5xx b

What  and b really mean ???
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Oah = (aGXXO_I_IBGXXO)GXX b
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2 2
Pah = aPxx0 + BPxx0 + PPoxx
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Pah = aPxx0 + PBPxx0 + Boxx
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2 2
Pah = aPxx0 + PBPxx0 + Boxx
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2 2
Pah = APxx0 + BPxx0 + PPoxx
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Anomalous Hall Resistivity vs Film Thickness
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Conclusion 1:

Proper Scaling of the AHE ?

Pah = f(PxxO’Pxx)

Conclusion 2;:
Intrinsic and Extrinsic in the AHE ?

2 2
Pah = APxx0 + PPxx0 + PPxx

Y. Tian, L. Ye, X.F. Jin, Phys. Rev. Lett., 103, 087206 (2009)







