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Reversal process of FePt/MgO thin layers

Thin layer with perpendicular magnetization

MgO (001)

m)B,~ 10T

1.0 - —
0.5 |
0.0 |
0.5
10 1 .

M/Ms

15 -1 -05 0 05 1 1.5 B(T)
Hysteresis loop measured by E.H.E.

PRL 96, (2006) 147204 ; PRL 93, (2004) 257203



Resistivity measurements on FePt(10nm)
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Resistivity contributions
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Resistivity measurements
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Electron-magnon scattering and resistivity
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Field dependance of the resistivity : poc-|B|
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Raquet et al.’s model

Magnons dispersion relation :

E(k) ~D k?+ g g (Bey + Mg Mg + By + By + g Mg sin?6, )

N J
Y

Be

A
D exchange stiffness constant - E(k) ~ D k2 + g g B
g Landé factor
Ug Bohr magneton
B, external field
B, anisotropy field
B, demagnetizing field

6, angle between k and M
B.=0 K
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Raquet et al.’s model

Magnons dispersion relation :

E(k) ~D k?+ g g (Bey + Mg Mg + By + By + g Mg sin?6, )

N J
~
Be
E A
D exchange stiffness constant E(k) ~D k2 + g g Be

g Landé factor

ug Bohr magneton

B, external field

B, anisotropy field

B, demagnetizing field g Mg B

6, angle between k and M




Raquet et al.’s model

Calculus of the electron-
magnon interaction
Be
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Linearity at the vicinity of zero field

Thin layers of 3d metals Thin FePt layers
BE - Bext BE - Bext+ BA
* no linearity near B_,=0 * linearity near B,,,=0
* AMR contribution, etc. * remanent magnetic configuration
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Magnetization reversal and MMR variations
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MMR and partially reversed states of magnetization
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Magnetization reversal detection using MMR measurements

Pumr<Mx*B

FePt (10nm)/MgO
M/Mg (EHE)
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Magnetization reversal detection using MMR measurements
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Magnetization reversal detection using MMR measurements

Pumr<Mx*B

FePt (32nm)/MgO
M/Mg (EHE)

1 .
0.5 7
O i
-0.57

-1

p (a.u.)

132.3 |
132.2 |
132.1 |
132.0 |

-1 -050 0.5 1 B(T)



Magnetization reversal detection using MMR measurements

Pmvr<M*B
FePt (32nm)/MgO o (a.u.)
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Localizing a Domain Wall within a Nanowire using MMR

Pumr<Mx*B
Perpendicular anisotropy e
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In-plane anisotropy N
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« Basically similar to GMR in CIP spin-valves, but with a single layer

* pumr<M*B — necessity of applying a field

* limited to relatively highly anisotropic materials



Magnetization reversal detection within a nanowire

MEB observation of nanowires
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Conclusions
Pumrx<Mx*B

* low signals, especially in materials with low H
— Measurement technique restricted to fundamental studies

* usable whenever two domains of opposite magnetization coexist
* necessity to get rid of DW resistance to measure M using MMR

* necessity to take MMR into account when measuring DW resistances

Mihai et al.,PRB 77, 060401(R) (2008)



Temperature effects
{ D=D,-D,T>-D,T?
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Bonus : spin-valve FePt/Pt/FePt
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Interaction électrons magnons
dans metaux 3d purs.
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FIG. 4. Expermmental high-field magnetic resistivity (open

quares)

and thecretical A

Pl"“lzl‘-

B) curve: (solid lines) deduced

from Eq. (7) for Feggpy /MgO thin films with the band structure
parameters listed 1in Table I and the magnon mass renormalization

as only fitting parameters (see text). In the inset. the agreement

between the experumental temperature dependence of the high-field
MR slope (cpen circles) and the thecretical cne (solid line).

Raquet et al.(Phys. Rev. B 66, 024433 (2002))
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Modele interaction électrons-
magnons

Reprise du modele de Raquet et al.

|dée: la bande « d » agit comme un piége avec une densité d’'états
forte dans laquelle les électrons « s » de conduction sont diffusés par
I'intermédiaire des magnons

E(q) = qu + g:uB (Binterne + BA + BD + ILlOM S Sin2 Hk)

Ou:
oD est le terme de «raideur » de magnons,
eB est le champ extérieur appliqué, B. . est le champ interne

int

le dernier terme est la de désaimantation induite par
les magnons

B = toH + oM =B+ ;Mg

By =—oMs B, =pH,



Modele interaction électrons-

magnons
B, =B, ... +B,+By+xu,Msin’g,
B, B,
Ap o TIn (“B )
D(T)* KT
Cas des métaux 3d purs (Raquet Notre cas:

etal.) *Forte anisotropie

*Faible anisotropie “Faible champ appliqué

*Fort champ appliqué

"> Bt=B B, =B+B, + 1M,




Modele interaction electrons-

magnons
B B
Ap oc ——t ZTIn(ﬂB y .
D(T) KT = @
&
- Danslesdeuxcas: |
B(T)
|_e terme (IUB Bt) Doit étre >1 pour déterminer une

kT variation linéaire de la MR(H)



Modele interaction électrons-
magnons rapporte a la mesure
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Modele interaction electrons-

magnons
« Variation de la pente MR(H) fonction de T

Cas de Raquet:
Développement linéaire autour
des grands champs appliqués

j> aAg’ér ) T+ 2dT2)In) +ctd

Notre cas:

Développement linéaire autour du zéro du champ applique mais Bt

est toujours grand a cause de B, ytopie

oAp(T) . 1
oB D,

2
_T(1+2d,T?) |n(T)—|n(“BBt)—1-B+;[Bﬂ
k B ’| B,



Détection renversement
almantation

* Difficile d’integrer la contribution de MR de
parois dans la déetermination de
I'aimantation

 Méthode limitee a des mateériaux a forte
anisotropie et epaisseur faible.



Conclusion

* Nous avons reussi a appliquer le modele
de Raquet et al. a des champs appliqués
faibles dans le cas de matériaux a forte
anisotropie

* Nous avons trouvé un nouveau moyen de
de mesure d’aimantation dans des
couches minces.
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