Anisotropia magnetocristalina
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Siempre estariamos en presencia de un superparamagneto
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Diagramas de desdoblamiento de orbitales d por el campo cristalino

ﬁm=4f9ﬁm o dﬂ_ﬁ {lﬂ dﬂ_ﬂ L
g J‘f.-"'_r -_——— = — — T lg
¢ [1“ d}_£ d:E H, \
2’ - A Mxx Hff A ; H\. ﬂmt
et #ﬁ}‘ ————— ‘. "H
e — - \\ N
d d %
x3-y2 z1 tzg —J—T__a,‘___ L b
by 4 4y~ 4 2
A " W
LY od 4
T e
\:\ ﬂg
d, Ig
free-ion Octahedral Square-planar
field field




spin — orbita + campo
cristalino
Ejemplo 1
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Ejemplo2  Ordenamiento Magnético del CuB,0,

¥

{4b} o {8d}

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

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



Energia de anisotropia Magnetocristalina

Geometria cubica

Geometria cilindrica, tetragonal, exagonal

Definiciones

/R Curvas de

p=1+3g 1
in the range
[O0.04)0.333]
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Anisotropia — descripcion fenomenolégica
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sistema cubico

S = Kl(mfmzz +mymg + m§m§)+ K,m’m;m;

m; =Cosé,

(.. o \ . ]
e, =(K, +K,cos”g)sin* gsin® gcos® ¢ +

+K,sin’#cos’ 6




sistema cubico
Curvas de energia constante

mn the range
eK — Kl (m12m§ + m12m§ + mgmg) [0.04y0.333] [-0.063 w.006) Q] [-0.3330.04)0]
5 9 o by Ko =01, Ka=1 d) K.=-041,K-,=09 £y Kei=0.01, Koo=—1
+K,mym;m;,

N
o
1420 2+10g
[0¢0.004)0.04] [-0.103 @.on 0] [~0.334 0.004)0.003]
Material K, K, Eje facil
(105 J/m3) (105 J/m3)
Fe 0.480 0.05 (100)

Ni -0.045 -0.023 (111)
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Sistemas hexagonal y tetragonal Eje facil

(K)

lﬂﬂ L

« =K, COS* 0+K, cos”

energia de anisotropia (Ey)
usando cos®@=1-sin@

= (K, +K,)— (K, +2K, )sin? @ + K, sin* 8

[lamando y corriendo el cero
K,'=—(K, +2K,) de la energia
K,'=K,

e, =K, 'sin@+K,'sin* 6



Il

e, = K sin” @+ K, sin* g—Lansmle o — K sin® @

caso uniaxial

E, = KV sin2 0

Magnetic energy

0° 90° 180°

easy axis and magnetization




e, = K sin@+K,sin* g

Material K, K, Eje facil
(10° J/m?3) (10° J/m?3)
Co 4.1 1.0 hexagonal
SmCo5 1100 - hexagonal
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Anisotropia de Intercambio




Anisotropia de interfaz

interfaz

>

Anisotropia de intercambio*

ferro
antiferro

superficies e interfaces
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e = K JL—(m-iY <
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*también llamada unidireccional

K, >0=m//sup

Ke <0=m_Lsup
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Exchange bias field




Observacion del exchange bias CoO/Co
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Letters to the Editor

New Magnetic Anisotropy

W. H. Memxrejoun axn C. P, Bean

General Electric Research Labovatory, Schenectady, New York
{Received March 7, 1956)
PHYEICAL REVIEW
VOLUME 102, NUMBER 5
JUNE 1, 1956
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Diagrama esquematico
<= (e UNa configuracion
de spin FM /AFM.




Observacion de la anisotropia de intercambio (Exchange bias)
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Exchange Coupling in the Paramagnetic State

J. W. Cali, Kai Liu, and C. L. Chien, The Johns Hopkins University,
Baltimore, MD 21218

Antiferro Co0O 25 nm

Reference
J. W. Cai, Kai Liu, and C. L. Chien, Phys. Rev. B 60, 72 (1999).
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Temperature (K)

Temperature dependence of exchange field H; and coercivity H. of a-Fe,Ni.,B,,(30 nm)/CoO
(25 nm) after field cooling in 10 kOe to 80 K.



Anisotropia de intercambio — valvula de spin
Magnetoresistencia gigante

Fe/Cr

BEesistance

1

Magnetic field

f 3
L §

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

M. N. Baibich,) J. M. Broto, A. Fert, F. Nguycn Van Dau, and F. Pctroff
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, Thomsen CSF, B.P. 10, F-8140] Orsay, France
(Received 24 August 1988)

PHYSICAL REVIEW LETTERS
VOILUMEGT, NUMBER 21

21 NOVEMBER [988

Peter Griinberg, Nobel Prize in Physics 2007
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Resultados experimentales
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Magnetoresistance - spin valve

E Elv
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F1 and F2 parallel:
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Grunberg PRB (89), Fe/Cr spin valve MR=1.5%
Baibich et al., PRL (88), Fe/Cr multilayer
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Vélvula de spin
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Anisotropia en nanoparticulas magnéticas y fluctuaciones termicas



anisotropia de superficie en nanoparticulas

superficie

Ks =104-10-3 J/m?,
of energia de anisotropia
Kef = KB + KV por unidad de area
S . - .
superficial

z /
K\Z N SK ~ Amr K =§Ks :EKS Particula

esférica

superficies/interfaces: K. = KB + S

- discontinuidad composicional y
configuracional
- mayor efecto anisotrépico

Badker et. Al (1994)



Anisotropia de superficie - ejemplo

Kq(Coy )2 1x10°3 /M

Allimina

Ks(Co/ALLO,)~3.3x10*J /m?

K imagen MFA de nanoparticulas de Co
K. =K. + 4 _S fcc en una matriz de alimjrra i
ef B d particulas son de aprox
(didmetro).

X 4| A . A
K, (Co/AlLQO,)~ 1x105+6%3/m5z2.8x *J/m’
X

Sid~3nm=3x10°m ) Kef (CO/ A|ZO3)z106J /m3

Mayores tiempos de relajacion
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F. Luis, J.M. Torres, L.M. Gracia, J. Bartolomé, J. Stankiewicz, F. Petroff, F. Fettar, J. L.
Maurice and A. Vaurés. Phys. Rev B, 65 (2002) 094409



Modelo de Stoner - Wohlfarth

monodominio

Anisotropia uniaxial

] Particulas idénticas
No Interactuantes

Campo paralelo al eje facil

N

N\
0=0

- 2 7
EK — eKV =KV sin® ¢ angulo entre Hy K

Eje facil
T

By =—fi-B=—ppit-H =—1VM,H =4 VM ¢ H cos ¢

E=E, +E, =KVsin®¢— u VM H cosg



Eje facil

N\
0=0

anguloentre Hy K

E=E, +E, =KVsin?¢— VM H cos¢

[lamamos  Campo de anisotropia
2K H yMH
Hy = - =
oM ¢ H, 2K




E =KV (sin? ¢— 2hcos¢)

1 /-
=0 =sing(cosg+h)=0—<< {

\\& extremo

minimo

82E

cos¢ =

= 2KV [cos¢(cos¢+ h)—sin ¢]> 0

Valores de la funcion

E(4=0) = —2hKV
E(4 =) =2hKV

E(cos¢ =—-h) =KV (1+h?)

Condicion de minimo
0°E
8¢2
0°E
0¢°

0? E

(p=0)=2KV(1+h)>0

—(p=7)=2KV(1-h)>0

— _h) = 2KV (h? —1)

siempre que h <1= maximo

>0
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M, =M, cosé
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Campo en direccion arbitraria
0 +0

K K /p—
0 W
H 4¢ M

E=E, +E, =KV[sin(s—6)—2hcosg|

e_d) =MV
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O0=rl2

E =E, +E, =KV[sin?(¢—7/2)—2hcosg|= KV (cos*(#)— 2hcos¢)
E = KV cos¢(cos(¢)—2h)

N

Eje facil




E = KV cos¢(cosg —2h)

—. 0
Sing=0 =) ¢ = {[

cos¢ = h;|h| <1
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N
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Particulas ferromagnéticas pequefias — modelo de Stoner - Wohlfarth

régimen bloqueado - T =0

\{ M M i
'y 'Y
.|
I L
“H, H, »H / > H
K ‘ ]
o M
H, = 2K 0 H 457
HoM g
M M
F Y v A

/\H T .1 .

a0 r and om ‘9

E.C. Stoner y E.P. Wohlfarth, IEEE Transactions on Magnetics 27, 3475-3518 (1991)
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A MECHANISM OF MAGNETIC HYSTERESIS IN
HETEROGENEOUS ALLOYS

By E. C. STONER, F.R.S. anp E. P. WOHLFARTH
Physics Department, Unwversity of Leeds

(Received 24 July 1947)

VoL. 240. A, 826 (Price 10s.) 74 [Published 4 May 1948

The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access fo -":-"E;'

Philosophical Transactions of the Royal Society of London. Series A, Mathematical and Physical Sciences. BIKSIN
WWwWw . jstor.org
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Ficure 6. Magnetization curves for prolate spheroids. The resolved magnetization in the positive
field direction is given by I, cos ¢, where I, is the saturation magnetization. The field, H, is given by
H=(N,—N,) Ik, where N, and N, are the demagnetization coefficients along the polar and equa-
torial axes. The angle, 6, between the polar axis and the direction of the field, is shown, in degrees,
by the numbers on the curves. The dotted curves give cos ¢, and cos ¢;, where ¢, and ¢, are the angles
made with the positive field direction by the magnetization vector at the beginning and end of the
discontinuous change at the critical value, 4,, of the field.
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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.




Efectos Dinamicos (T = 0)



E =KV (sin? ¢—2hcos )

Valores de la funcion
E(¢:O) = —2hKV min 0 max
E(¢:7Z')=2hKV min 0 max

E(cosg=—h) =KV (L+h?) M0

inflexién
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Comportamiento superparamagnético

KV

| . . o r=r1,ek
Tiempo Experimental vs Tiempo de Relajacion 0
1ol Técnica Texp
Mdssbauer >’Fe, 119mSn ~ 108s
0.5+ Susceptibilidad ac 104-1s
Susceptibilidad ac hf desde 106 s
| H=0
0.0 -----m- oo ERRE R Magnetizacién dc 0.1-100s
2 41 0 1.2 3 4 5
0
Histéresis,
Sistema desdoblamiento
Top ST T <Tg bloqueado Patron estatico Zeeman (EM)
Sistema 5n dinédmi ilibri
Texp >Te ] >T Patron dinamico Equilibrio,

desbloqueado

patron super-
paramagnetico (EM)



Dependencia del campo coercitivo con la temperatura

h=H/HK=% He = Hy = 2K T=0
. HoMg T?y
E {‘\
. AE=KV(-hY /TN /
__4/
KV (1-h)?
Jln=o7s\ T KvUu-hy

— KT

aT=0Klainversion de M se
————T—— 77— producira cuando ty; ~ Te,




Dependencia del campo coercitivo con la temperatura

KV (1-hY =KkT In(z,,, /7,)

fexp =10%s SQUID

In(rexp/ro)z{ﬂﬁ kT SQuUID

Texp =10"°s MOss 4.6 KT MQss

KV (1-h)’ = 27.6KkT KV ~27.6kT  SQUID

h<<1

KV (1-h) ~4.6KT KV ~4.6KT  Moss



Dependencia del campo coercitivo con la temperatura

KV (1—h)’ ~KT In(z,,, /7, )

h ~]1— \/Wn] Texp/TO N A \{

HK£1 \/—In z'exp/r0 ]




Temperature Dependent Magnetic Properties of gy e
. . . . . . T+
Barium-Ferrite Thin-Film Recording Media Wi
Yingjian Chen, Member, I[EEE, and Mark H. Kryder, Fellow, IEEE / HK H
[EEE TRANSACTIONS ON MAGNETICS, VOL. 34, NO. 3, MAY 1998 ey

_ g ) kg A\
H.(t) = H.L{l — L!{“ Vi In (U.ﬁ93)] }

the easy axis

aentation. In a system with
casv axel., 7 1s 1/
axis orientatomk 72 i1s 2/3 [BO]. The fitting Pe

- 5

[29] M. P. Sharrock and T MeKmney, [EEE Trans. Maga.. vol. MAG-17,
p. 3020, 1981.

[30] R. H. Victora, “Predicted time dependence of the switching field for
magnetic materials,” Phvs. Kev. Lefi., vol. 63, pp. 437460, 1989,

Uso extendido de la expresion

2K [ T /2 Interacciones magnéticas en nanotubos
HC —a—|1-| — ferromagnéticos de LaCaMnO y LaSrMnO,
M i Tg | J.Curiale et al., AFA 2006

Marina Tortarola, Tesis, 1B, 2008
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Fin mdédulo



