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s0Z H.Mm-=EZeeman energy: 
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Other notation
Magnetic induction
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Transformers

Flux guides, sensors

Magnetic shielding
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Permanent magnets, motors

Magnetic recording
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Numerous and complex
magnetic domains

Small number of domains,
simple shape
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1. Macrospin models for coercivity

2. Coercivity in materials

3. New ways for magnetization reversal
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1. Stoner-Wohlfarth and Astroids

2. Thermal activation

3. Experimental relevance
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Dimensionless units:
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A value of field at which an irreversible
(abrupt) jump of magnetization angle occurs.

Can be measured only in single particles.

The value of field at which M.H=0 (�� � H� ��� )

A quantity that can be measured in real
materials (large number of ‘particles’). 

May  be or may not be a measure of the mean
switching field at the microscopic level
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� Each line shown is the locus of
fields for which a stable/unstable
equilibrium exists for a given angle �
of magnetization

� The Astroid is the envelop of
this family of lines

� Thus for each radial line the
direction of magnetization can be
determined graphically at any point
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Information about 
anisotropy density

Information about total
effective anisotropy
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 Exact solution
 High temperature expansion: 1/3+4d/45
 Low temperature expansion: 1-1/d
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Current

Current
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MRAM = Magnetic Random Access Memory
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I1

I2

Spin valve

‘Bit’ ligne

‘digit’ ligne

‘word’ ligne

Flux guides

Magn flux lines
Conductor
(Cu)

Transistor
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0.2x0.5 0.37x0.75

0.2x0.75 0.27x1.37

��4�5(����(���  �'����4����� ��!����� Size in micrometers

Astroids of flat magnetic elements with increasing size
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1. Nucleation and propagation

2. Some theories specific to thin films
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In most systems
s0

c
2
M
K

H
m
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Exhibit analytic however realistic
models for magnetization reversal

x

K
K0

d-d

Propagation

Nucleation
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Nucleation-limited Propagation-limited
Ex: Sm2Co17 Ex: SmCo5

First magnetization

Use first-magnetization curves to determine the type of coercivity

��� .	�2	<
�4�
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Also called: nucleation volume

0 100 200 300 400 500
0

2

4

6

8

10

Pr
17

Fe
75

B
8

T(K)

v/
d3

Can be used for:

� Estimating Hc(T)

� Estimating long-time relaxation

� Determination of dimensionality

Note: of the order of domain wall width �

2�� 3*#-�+ �
� 	� ����
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More detailed models:

/$���� � ��


�-��
�"!
2��3*#-�+

Hypothesis:

� Based on 
nucleation volume

� Hc<<Ha

TkHvME H Bas00 25)cos( +-= qm

q�

�

�

Energy barrier E0
overcome by gain in 
Zeeman energy plus 
thermal energy
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[ ])exp(10 RtNN --=
N: number of nucleated centers at time t

N0: total number of possible nucleation centers

R: rate of nucleation

4�� �	
�55- �� �!"�� ��# ����&����������%��

tRNNdN d)( 0 -=

��(���	���������	�) �������' (� ����

Rc: radius of critical nucleus

T: total area of sample

V0: speed of propagation of
domain wall

New  nuclei

Growth of existing nuclei

Fatuzzo/Labrune/Raquet model
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)/( c0 Rrvk =

k is a measure of the
importance of wall propagation
versus nucleation events
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Cross-over

Note also for fast propagation of domain walls: breakdown of propagation speed (Walker)
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Electron beam of the SLAC,
pulse width 4.4ps,

sent on a Co film (20nm)
with uniaxial in-plane anisotropy

Magnetic domains imaged
after the impact
using SEMPA
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Magnetization dynamics:

Landau-Lifshitz-Gilbert equation:
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Gyromagnetic factorg�
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M¶

¶
-= mag

eff0
E

Hm

gmg 00 =

GHz/T282/ =pg
m

gq
2

=g

Effective field
(including applied)

Damping coefficient (10-3 > 10-1)
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In-plane uniaxial anisotropy(1)

(2)
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Using (2)
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Starting condition:
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Field at 135°
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Stoner-Wohlfarth model: describes processes
where the system follows quasistatically energy minima, e.g. with slow field variation

Precessional switching: occurs at short time scales, e.g. when the field is varied rapidly

Applied field

���*������1� ������

ps.T35/2 =gp

ps50025 -

Precession period

Precession damping

)2/(1 pa per period

)5.001.0( -=a
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Switched

Non-switched

Initial

moment

Stoner-Wohlfarth astroid

(quasistatic limit)

Reversal below the quasistatic
value h=1 for hy, and even for m.h>0!
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Can be viewed as the GMR-reversed effect

Conventionnal hysteresis loop

Current-induced magnetization reversal
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See also: magnetic semiconductors, multiferroics etc.
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Gd22Fe74.6Co3.4
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Combined heating
+ inverse Faraday effect

Magneto-optical
material. Tc=500K
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Demagnetized

Magnetization reversed
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Ti:S laser:
� =800nm; �� =40fs. 
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