Magnetic anisotropies in ultrathin films

Assumptions:

1. homogeneous magnetization
2. ultrathin films with thickness
t<l

[=+A/K ~10nm
A : Austauschkonstante 107 J/m
K : Anisotropiekonstante 10’ J/m’




Magnetic Anisotropies

Magnetostatic Anisotropy
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inhomogeneous state, no stray fields
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homogeneous state, stray field energy

For homogeneous state the energy density

becomes a local property
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Magnetic Anisotropy
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Magnetic Anisotropies »fﬁ"’y’ =T
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Magnetoelastic Anisotropy )
Z
— mechanical strain
due to epitaxial growth

example: bcc-(110) - plane

f™(9,m/2)=B,(e;—¢,)cos’ 9
B, =-3c,\,, (magneto-elastic coupling constant)

Fe: B,= 810°J/m’

Attention: epitaxial strain often t-dependent  &(t) = ¢, + (1/1) €,
. s . 1

resulting in: f=fry ; fme



Magnetic Anisotropies B

Magnetocrystalline Anisotropy

cubic crystal

hexagonal crystal

F/V =K, (o, o, +a,’a, +o, o)

transformation into sample-
coordinates (i.e. (110))

£(9,m/2)=—K, sin* 3 cos’ 9

v

o= cos(e;J)

£7(9,0)=—(K, +K,)cos’ 3 — K, sin* 3 cos” 9




Magnetic Anisotropies I}/ At =t

Surface - Anisotropy

F(3,9)=1,(9.0)-V + £,(8,9) 4

G Symmetry-Breaking
at an interface

0 0
Volume-Anisotropy := {, proportional to the volume of the film
Surface-Anisotropy := f. proportional to the surface
FR | 1
Energydensity: ;F(g,q)) =1 (g,q)) 4 ;fs(g,q))

The part of f, due to symmetry-breaking is called:
Néel - type surface - anisotropy f



Magnetice Anisotropies

Surface-Anisotropy

X

Néel - type Surface-Anisotropy as a function of polarangle

fXO,m/2)=K)5 cos’ 9 +

Ne : 2 2
K,,,.sin" 3 cos” 3

Step-Anisotropy due to symmetry-breaking at a step

1

fstep(‘g’(p)=;$(]< cos’d +K cos2(psin28)

step
y

step,p

- Nd—



Magnetic Anisotropies

X

Summary of all contributions:

1
f =fvcr +f;,Sh +f;)me +fvstep +;(nge+f:s‘sh +fs‘me +f;step)

Out-of-plane Anisotropy f(9,7/2):
J2

f8,mn/2)= {[2 s +Kv’2l]+%Ks’2l}cos29 +{Kv’4yz +%Ks’4yz}sin29 cos’ 9

Ko

Definition of the anisotropy field H,,:
fos(80sm/2)=H,
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Magnetic Anisotropies
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Magnetic Anisotropies }/ A

Determination of single interface anisotropies

H,, = LJS +l(HS(” +H®)
D
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Magnetic Anisotropies

£=-0.0088 -
I

-0.01

Fe, Nig,

Cu(111)

’ TX Z)= T
( ’y, )
b

V
(O

Anisotropy constant L
L=J,/u, + K, + K/Dd,

1.2
T=100K -

01 02 03 04

N W




Magnetic Anisotropies

zZ

fT(x,y,z) =T

Anisotropy constant changes
with N1 concentration
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Interface anisotropy changes sign at Fe, Ni,,
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Magnetic Anisotropies
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Higher Order Anisotropies el )
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Determination of higher order anisotropies

from measurements in thickness
regimes of different easy axis
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Magnetic Anisotropies

Spin reorientation transition with
anisotropies of higher order

f(8)=x,co8’(3)+k , cos’(3 )sin*(9)
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Magnetic Anisotropies

Temperature dependence
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VaLUME 75, NUMBER ) PHY SICAL REVIEW LETTERS 13 NOVEMBER 1995

Microscopic Origin of Magnetic Anisotropy in Au/Co,/Au Probed with
X-Ray Magnetic Circular Dichroism

D. Weller,' 1. Stishr,' R. Nakagima,” A, Carl,'* M, G. Samant,' C. Chappert,’ R. Mégy,'
P. Beauvillain,® P. Veillee,” and G. A, Held*
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Durr HA, Guo GY, vanderLaan G, et al.

Element-specific magnetic anisotropy determined by transverse

magnetic circular x-ray dichroism
SCIENCE 277 (5323): 213-215 JUL 11 1997
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