Anisotropia magnetocristalina



Direccion aleatoria de M en 411=> estado continuamente degenerado
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Siempre estariamos en presencia de un superparamagneto




Anisotropia

Estructura :> Int. elect - Campo + interaccion Spin — Anisotropia
cristalina cristalino orbita magneto-cristalina
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spin — Orbita + campo cristalino
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Diagramas de desdoblamiento de orbitales d por el campo cristalino
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spin — Orbita + campo
cristalino

Ejemplo 1
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Ejemplo Ordenamiento Magnético del CuB,0O,

.y
{4b} o {8d}
Estados electronicos, simetria local y cordinacion de iones Cu?* en sitios 4b y 8d de CuB,0O,.

Manfred Fiebig, September 2004 mbi-berlin.de B.Roessli, J.Schefer , G.Petrakovskii, B.Ouladdiaf, M.Bohm ,
U.Staub, A. Vorotinov and L.Bezmaternikh. Phys. Rev. Letter,
(2001).



Energia de anisotropia Magnetocristalina Definiciones

Geometria cubica
7y Curvas de

energia
fi constante

in the range
[O0040.333]
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Anisotropia — descripcion fenomenoldgica
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sistema cubico
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e, = (K1 + K, cos’ (9)sin4 Gsin’ gcos’ @+

+ K, sin” fcos”




sistema cubico
Curvas de energia constante

y 9 7 9 > 9 in the range
— 1000410333 [-0.063 (0.006) 0]

e, =K, (m1 m, +m;m; +m2m3)
b) Ko=0.1,Ka=1 d)y K.=-041,K-,=09 £y Kei=0.01, Keo=—1

[-0.3330.040]

2 2 2
+ K, m; m;m;

10004 0.04] [-0.103 .01 0] [—0.334 (0.004)0.003]
Material K, K, Eje facil
(105 J/m?) (105 J/m?)
Fe 0.480 0.05 (100)

Ni -0.045 -0.023 (111)




M(emu/cm3)

1800

1600

1400

1200

1000

800

600

400

200

Medium

11D

200

400

600
H(Qe)

800

1000



M(emu/cm3)

500

400

300

200

100

Medium

Easy
1115

(1100
Sl
Ni
| I | i l | | 1 N |
0 100 200 300 400 500 600



Sistemas hexagonal y tetragonal

Eje l D ﬁ Eje facil

)

O+ M

e, =K, cos’@+K, cos' 8

e, =K,'sin’ +K,'sin" 8

energia de anisotropia (Ey)




Il

e, =K, sin’ @+K, sin* @0 MMM - e, = Ksin’ 8

caso uniaxial

E, =KV sin? 0

Magnetic energy

0® 90° 180°

gasy axis and magnetization




e, =K, sin’ @+K, sin* 6

Material K,
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Anisotropia de Interfaz

Anisotropia de Intercambio




superficies e interfaces

Anisotropia de interfaz

interfaz

- K, >0=m//sup
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Exchange bias field

*también llamada unidireccional




Observacion del exchange bias CoO/Co
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Letters to the Editor

New Magnetic Anisotropy

W. H. Memrejoun axp C. P. Beax

General Eleclric Researcle Laboratory, Schenectady, New York
{Received March 7, 1956)
PHYEICAL REVIEW

VOLUME 102, NUMBER 5
JUNE 1, 1956
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Anisotropia de intercambio — valvula de spin

Magnetoresistencia gigante

Fe/Cr
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Giant Magnetoresistance of (001) Fe/(001) Cr Magnetic Superlattices

M. N. Baibich, ™ J. M. Broto, A. Fert, F. Nguyen Van Dau, and F. Petroff
Laboratoire de Physique des Solides, Université Paris-Sud, F-91405 Orsay, France

P. Eitenne, G. Creuzet, A. Friederich, and J. Chazelas

Laborateire Central de Recherches, Thomson CSF, B.P. 10, F-8140] Orsay, France
(Received 24 August 1958)

PHYSICAL REVIEW LETTERS
VOILUME 61, NUMBER 21

21 NOVEMBER [958

Peter Griinberg, Nobel Prize in Physics 2007



Giant Magnetoresistance
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Resultados experimentales

R/IR(H=0)

Baibich et al. 1988
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dispersion

spin up spin down spin up spin down

electrones

Sentido de la
magnetizacion
-~ en las capas

Acoplamiento Acoplamiento
ferro antiferro

Baja resistencia Alta resistencia
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Spin Valve Structure
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Vilvula de spin
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Anisotropia en nanoparticulas magnéticas y fluctuaciones térmicas



anisotropia de superficie en nanoparticulas

superficie

K= 104-1073 J/m?,
energia de anisotropia
K, =K,+K o por unidad de drea
ef B VS .
I superficial

K. 47’ f ,
ef:S S ~ T KS:EKSZSKS Particula

esférica

superficies/interfaces: K

- discontinuidad composicional y
configuracional
- mayor efecto anisotropico

Badker et. Al (1994)



Anisotropia de superficie - ejemplo

K,(Co,.)=1x10°T /m’

fec

Altimina

K (Co/ AL,O,)=3.3x10™J / m*

imagen MFA de nanoparticulas de Co

K. =K. + % _S fcc en una matriz de alimjsa. Bas
¢/ B d particulas son de aprox @

(diametro).

33x107* ).

K (Co/ ALO,)=|1%x10° +6® J/m
ef( 2 3) I llxlo— )
Ker

Sid~3nm=>3x10°m  EEE) Kef(CO/A1203):1O6J/m3 r=rye i

Mayores tiempos de relajacion



elf”

K (107 1im)

F. Luis, J.M. Torres, L.M. Gracia, J. Bartolomé, J. Stankiewicz, F. Petroff, F. Fettar, J. L.
Maurice and A. Vaures. Phys. Rev B, 65 (2002) 094409
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Modelo de Stoner - Wohlfarth

monodominio

Anisotropia uniaxial

. Particulas idénticas
no interactuantes

Campo paralelo al eje facil

N

Eje facil
s

\!
6=0

— — ) :
EK = eKV = KV sin 7, angulo entre H y K

E,=- B = —/,IO[IUj] =M VM _H =~ VM ¢H cos @

E=E,+E, =KVsin’ @— VM .H cos @



N

Eje facil
Js

=MV

N\
6=0

angulo entre Hy K

E=E,+E, =KVsin’ ¢— VM Hcos@

llamamos  Campo de anisotropia

H, = 2K h:H _ MM H

UM, H, 2K

E = KVsin® p-2hcos )



E= KV(sin2 ¢—2hcos ¢)
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Eje facil
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Campo en direccidn arbitraria
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Particulas ferromagnéticas pequefias — modelo de Stoner - Wohlfarth

régimen bloqueado - T=0
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a0 1 andom e

E.C. Stoner y E.P. Wohlfarth, IEEE Transactions on Magnetics 27, 3475-3518 (1991)
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1-0 : ,. _____ — T
M, =05M;_~"
0-5 /
cos ¢
H, =0479H,
0 4
~-0-5
-1-0 e | =177 ,
-1-5 -1-0 —-0:5 0 0-5 10 15

Ficure 7. Magnetization curves for prolate (full curves) and oblate (broken curves) spheroids
orientated at random. The curves refer to similar prolate (or oblate) spheroids orientated at random.
cos ¢ is proportional to the mean resolved magnetization per spheroid in the positive field direction,
or to the resultant magnetization in this direction of the assembly, H = (| N,— N,|) I,A.




IBM Journal of Research and Development A |
Spintronics Volume 50, Number 1, 2006 +— Free FM E}
Oxide barrier = fE,J"jl
= acli
+—  Pinned FM 2 Esk 1 [
Exchange layer .E
—+ Pinned FM | z
Antiferromagnet E W 1
et — 3
20 =10 0 10 20
a} Field (Owe)
. (b
Rapid-turnaround 5 ]
characterization methods for Eje
MRAM development dificil

by D. W. Abraham,
P. L. Trouilloud,
and D. C. Worledge

Kerr rotation (mallidegrees)
=

Field (Qe)
(d)

(a) Typical data for a Stoner—Wohlfarth stack. {a) Kerr easy-
axis (EA) data taken at low field, showing the excellent low
Néel offset and sharp hysteresis loop. (¢) High-field EA Kerr
magnetometry data showing the relative motion of the magnet-
ization in the two ferromagnetic films, permitting direct measure-
ment of pinning and interlayer coupling. {d) Hard-axis data
revealing the film anisotropy.




Microhilos, P Mendoza Zéliz et al, 2007
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Efectos Dinamicos (T # 0)
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AE, =KV (1+h)

s, O, =0
—_ kT ‘
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S s Tiempo de
I;=¢C e relajacion
ParaH=10

KV
I=T,e*

107%s<7,<107s



Kr
I =T,e*’

I, =cle

Ejemplo, usando T,= 10" s

material




Comportamiento superparamagnético

KV
— kT
Tiempo Experimental vs Tiempo de Relajacion I = TOe
Técnica Texp
Maossbauer °"Fe, 119mSn = 108s
Susceptibilidad ac 104-1 s
Susceptibilidad ac hf desde 10¢ s
Magnetizacion dc 0.1 -100s
Histéresis,
< Sistema ’ N desdoblamiento
Texp Il 1 <T, B bloqueado Patron estatico Zeeman (EM)
T ST ] > TB Sistema Patrén dinamico Equilibrio,
=P desbloqueado patron super-

paramagnético (EM)



Dependencia del campo coercitivo con la temperatura

2K T

:HK:

/‘7—-
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HoM g T7/
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aT# 0K lainversion de M se
A A A A A producira cuando Ty; = T,




Dependencia del campo coercitivo con la temperatura

kv(1-hf =kTin(r,, /7,)

Top =10%s SQUID 27.6 kT SQUID
ln(rexp ro):
Top =105 Miss 4.6 kT ~ Moss
KV(1-h) =27.6kT KV =27.6kT  SQUID
z2

KV(1-h) =4.6kT KV =4.6kT  Mbss



Dependencia del campo coercitivo con la temperatura
KV(1-h)
h=1- \/ — ln 7. /r \Q‘

o)

orientacion aleatoria H, (0) =0.479H

()=048|1- | *L e _iz)| - e
e

len(T /T )




M
. . T=0
Tempf:rature Dependent ’Magnetlc Ifroperﬂeg of oy ——
Barium-Ferrite Thin-Film Recording Media f’ w/]
Yingjian Chen, Member, [EEE, and Mark H. Kryder, Fellow, IEEE / !I_IK H
[EEE TRANSACTIONS ON MAGNETICS, VOL. 34, NO. 3, MAY 1998 —71
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Hlime: Tasy
30]. The fitting Param

7 o1s 23

E 5

[29] M. P. Sharrock and 1T MeKinney, JEEE Trans. Magn.. vol. MAG-17,
p. 3020, 1981,

[30] K. H. Victora. “Predicted time dependence of the switching field for
magnetic materials.” Phys. Rev. Left., vol. 63, pp. 457460, 1959,

Uso extendido de la expresion

K T 1/2 Interacciones magnéticas en nanotubos

Hc =0 1-| — ferromagnéticos de LaCaMnO y LaSrMnO,
M S| I B J.Curiale et al., AFA 2006

Marina Tortarola, Tesis, IB, 2008
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Campo coercitivo para

3000 A particulas nanométricas
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Campo coercitivo para
particulas nanomeétricas
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Ferrogel de NP de magnetita (8 nm) en hidrogel de PVA, Mendoza
Z¢lis et al, enviado



BULLETS GET ATTRACTED TO THE
MAGNET AND MISS YOU
COMPLETELY
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THIS YET?
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