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Collaboration with Eugene

A 1991-1997: Univ. of Barcelona

Ph.D. Thesis: Macroscopic Quantum
Tunneling of Magnetization

A My first Physical Review paper in my life was
co-authored with Eugene

A Eugene has help me so much in my whole
career.
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Ordinary & Anomalous Haltffect (AHE)
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Mechanisms/origins of AHE
A Intrinsic

KarplusandLuttinger. spinorbit coupling in Bloch bands
Berry phase effects on Bloch electrons

A Extrinsic:

Imperfection scattering of electrons in
ferromagnetic materials

1) Skew Scattering
2) Side jJump
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Experiment for Intrinsic mechanism

Experiments support the theory of Berry
phase

A CMRmanganites
(PRL, 83, 3737 (1999): 84, 757 (2000).

A Half metallic Cr®

(PRL 89, 187201(2002).

A Gdsingle crystal

(PRB 74,104407(2005).
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AHE In SrRuO4

,,_
=1

A The nommonotonic 5 04 o — “““‘x \
temperature dependence of = U [~ e T T
AHE (even changes the sign)® |, t— criopqum =
SrRuO4 was ascribed to Berr 0 50 100 150 200
Phase by Fang et al. T&

Science 302, 92(2003)
50 F 4

A A careful measurements near O\ s = ——

the temperature at which AHE -
changes sign seems to
contradict the Berry Phase
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Extrinsic mechanisnof the AHE
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Both introduce a transverse momentum comp@n&HE origin.
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AHE and longitudinal resistivity

Same origin: electron scattering by imperfections
R.=ar  +br:
XX XX

Skew Scattering Side jJump
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U | f na 1, Skew Sca

u | f na 2, Side jum

If 1<n< 2, both contribute
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AHE inmultilyarers
A Fe/Crmultilayers, n---2 to 2.6

(PRB53R11938(1996 API59, 479(1991).

A CoAg granular films , n=3.7

Phys Revlett. 69, 3220(199R

AYBKEFYy3Qa aitdzReé dza Ay 3
The Scaling law is always invaliddoperlatticestructures,
because the electron mean free path is always much larger

than the layer thickness in these systems
Phys Rev. B 51, 3632 (1995).

10



|

f—
o S—

—

R I
THE HONG KONG UNIVERSITY OF SCIENCE AND TECHNOLOGY

Issues iIMMultilayers/ bilayers

A Short-circuit of AHE

A Shunting effect

11
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Shortcircuit of AHE

+\/ AHE -V AHE

Ferromagnetic layer

~——Nonmagnetic layer

Ie
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Shunting effect

lwhole

Iwhole: IFe+ ICu
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Fe(200nm)/Cu (x)
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Verify the existence of the SCE

Fe/Cubilayer samples were prepared, the only difference
IS that there is a venyarrowopening in the Cu layer in the
left sample.

Deposited by sputtering and measured simultaneously.

15
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Short-circuit effectin Cu/Fe bi-layer
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Shunting and Shor¢circuit effect

I -/

xyA bilayer XyA Fe*
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Cu layer dependence

AHE Resistivity(mAcm)
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0.6

0.0

Cu layer dependence

—— Shunting effect only
—@— Experimental
— both effects
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FM/FM bilayer--- Fe/Gd

1. Fe andGdare simple ferromagnetic materials.

2. The signs of AHE are opposite each other in Fe
andGdsingle layers.

3. Gdhas a much lower Curie temperature, which
can be achieved by PPMS.

4. Some interesting phenomenon may be
observed.



LUIJJ E BB HE KR
THE HONG KONG UNIVERSITY OF SCIENCE AND TECHNOLOGY

AHE In Single Layers
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