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Electronic structure of magnetic 3d metals

S

The simple s-d model
d electrons : localized, carry magnetism
s electrons : delocalized, carry current
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Spin transfer : principle
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Magnitude of the spin transfer effect
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LLG + spin transfer term
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Sign of the spin transfer effect (mnemonics)
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Electron motion through a multilayer
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Order of magnitude of the current needed

dm 3 - ~odm [ 1 = (s o =
———=v H xm+omx=——+-=mx\m, xm
Stability calculation 1 =ay M
T | critical ’
2
J _ auM eD
critical hP

a =001, M =08MA/m, D =3nm, P =30%
= J =1310 A/m

European School of Magnetism, 8
Constanta, 2005: André THIAVILLE



Samples have to be small

"R QOersted field associated with the current
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First demonstration
of current-induced magnetization reversal
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Phys. Rev. Lett. 84, 3149 (2000)
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size = 60x100 nm?
5101 A/m?

F.J. Albert et al.
Appl. Phys. Lett. 77 (2000)
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The second experimental demonstration
of current-induced magnetization reversal

Final structure
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Main sample architectures

Pillars Point Contacts

7 Aoy

Il A1

% 7

e . U |

European School of Magnetism, 13
Constanta, 2005: André THIAVILLE



Experimental results : point contact geometry

W. H. Rippard et al., PRL'2004
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Fxperimental Results : Pillar Geometry
A Rather Complex Set of Experimental Results

a . b
Bias 3_-40 dB (A Swept signal 18;_;?6' <
generator S
= 1 21 E
i X Mixer 18.85 L
de. /|\ Filter . 0.8 H (koe) 0-8 /s
25-100 MHz &
3 = 5 | s /\/
(=} +20 dB ‘S‘ in
N
detector
E 19 0 kOe
< d.c. , , | |
< —4 Current (mA) 8
- c d
15 i 3 mA
: I a-
& 5 T :’/,/ [ —
X Cll( c(\ID 4
~— I
: - T 2.4 mA
7)) S : \_—
= _ —
N 2.0 mA (x4 S ——
04 S ALY ] &g 1.7 mA
| | | | | | | | | |
2 Frequency (GHz) 18 10 Frequency (GHz) 18



Experimental Results : Pillar Geometry
with Exchange Biasing at a Skewed Angle

I. Krivorotov et al., Science'2005
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Energy and spin transfer effect
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Effective field for the spin transfer term
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Elliptical Elements
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Micromagnetic Regime:
Precessional States (T=300 °K)
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Micromagnetics vs experiments

v'Switching, generation of microwaves, are qualitatively
reproduced perfectly, but

X Computed Power Spectral Density line widths too large
when compared to experimental data even in the MS
approximation

X Comparison between experiments and micromagnetic
simulations strongly suggest that micromagnetics leads to
excessive spatial incoherence

X At the same time, extremely narrow line widths, even 1n the
pillar geometry, call for markedly weakly damped systems

X Such features seem hardly compatible within the framework
of existing theories
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Giant magnetoresistance (GMR)
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CIP : needs layers thinner

than the mean free path CPP : needs layers only
thinner than the spin

diffusion length
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Current polarization variation

Cu ¥

J r J 1~ J /2 om
Spin
P=0 accumulation

M.D. Stiles, A. Zangwill,

J. Appl. Phys. 91, 6812 (2002)
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A non-collinear spin entets

Ferromagnetic metal
s F
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Disparition of the transverse component
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Wall displacement by current
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Conclusions

A fascinating field
Experiments are far away before theory

Just putting the simple Slonczewski term into LLG does not
suffice to explain quantitatively everything
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