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1. Dipolar energy

2. Coercivity in patterned elements

3. Manipulation of domain walls

4. Interfacial effects
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1. Treatment of dipolar energy

2. Some consequences of dipolar energy on hysteresis loop s

3. Dipolar energy and collective effcts in assemblies
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Magnetization vector M

Can vary in time and space.

Mean-field approach possible: Ms=Ms(T)

Modulus is constant
(hypothesis in micromagnetism)
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)(.)()( s rnrmr M=s is called the surface density of magnetic charges,
where n(r) is the outgoing unit vector at boundaries

Do not forget boundaries between samples with different Ms
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Notice: six-fold integral over space:
non-linear, long-range, time-consuming.

Bottle-neck of micromagnetic calculations

Integrated dipolar energy:

Usefull theorem for finite samples:

� � is always positive

� Significance of (BHmax) for permanent magnets
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Energy available outside the sample, ie usefull for devices
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Charges on
surfaces

Surface and
volume charges
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Self-consistency: the magnetization must be at equilibrium and therefore fulfill m//Heff

Assuming Happlied and Ha are uniform, this requires Hd(r) is uniform. This is satisfied
only in volumes limited by polynomial surfaces of order 2 or less:
slabs, cylinders, ellisoids (+paraboloïds and hyperboloïds).
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Valid along main axes only!
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For prolate revolution ellipsoid: 
(a,c,c) with � =c/a<1

�
�

�

�

�
�

�

�

�
�

�

	






�

� -

-
-

-
=

a
a

aa

a 1
sinA

1

1
1

1

2

22

2

xN For oblate revolution ellipsoid:
(a,c,c) with � =c/a>1

������ �����
 ��������  	! �������"����#$"��

General ellipsoid:
main axes (a,c,c)
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More general forms, FFT approach:
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Dipolar energy:

Equilibrium position
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Hypotheses:

1. Use an ellipsoid, cylinder or slab along a main direction
so that the demagnetizing field may be homogeneous.

2. Domains can be created to yield a uniform and effective magnetization Meff
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Density of energy:

Minimization:
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Ha

N=0 (slab, infinite cylinder)

N>0 (here N=1: slab, perpendicular)

N=0 (slab, infinite cylinder)

N>0 (here N=1: slab, perpendicular)
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1. Measure a hysteresis loop M1(Happl)

2. Internal field during loop: Hd=-Ni.M1
(must be corrected to access intrinsic
properties)

3. Plot M1(Happl-NiM1)

M2(Htot)
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1. The concept of effective magnetization fails, because grains are either up or down.

2. Individual grains have a shape, implying a demagnetizing field that must be taken
into account

3. In heteromaterials (ex: hard-soft; magnetic/non-magnetic etc.) the magnetization of
both phases has to be taken into account. Depends also on grain size…
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In a non-ellipsoidal (or cylindrical, slab)
system the demagnetizing field
is not homogeneous
in magnitude nor direction
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2
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0 ext0d

s d NMMHE
M

mm == �

1. Initial slope higher than 1/N
(demag field smaller than average)

2. Late slope smaller than 1/N
(demag field larger than average)

Demagnetizing energy (thus area above loop) is identical
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Estimation of an upper range of
dipolar field in a 2D system

R

Local dipole: 1/r3

Integration

RR /1Cte)(d +£H

Convergence with finite radius
(typically thickness)

� 
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� �����*%��)��	��	��'7�	������(�����%�	�'�'�0
(����'�6�'���	��1�����0	)����)'�1�	�##�)'�	�').

8���� $�%�� #��	������� #����� ��	 
 ������(������'� �# ������� #����� ��	 


Example: flat stripe with
thickness/height = 0.0125
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In-plane magnetization

Out-of-plane magnetization

Hint:

An upper bound for the
dipolar coupling is the
self demagnetizing field

Notice: similar situation as for
RKKY coupling

+
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+
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+ -
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-

-

-

-

-

-

-

-

+

+

+

+

+

In-plane magnetization

Always parallel coupling

Out-of-plane magnetization

May be parallel or antiparallel
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���	����� ����� ��� 
����������� ��� !���"���##���������
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(valid only for thick films)

(valid for any films)
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Models for arrays of single-domain planar rectangular dots
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Models for arrays of elements of arbitrary shapes
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Measure of dipolar interactions
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1. Characteristic length scales and critical size for sing le domain

2. Near-single domain structures

3. Flux-closure domains
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( ) qq �� ���� ������ +=
Exchange Anisotropy
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�� �� pl =
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Hard Soft

KA / is also often called
the Bloch wall parameter.  Notice 
also that several definitions of
Bloch wall width have been
proposed, e.g. with �� or 2 as 
prefactor
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( ) qq 2
d

2 sin/ KdxdAe +=

Exchange Dipolar energy
J/m 3J/m

2
0
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/

sMA

KA

m

l

=

=

nm103ex -=l

Critical size relevant for
nanoparticules made of
soft magnetic material

exc 3lp»D

2
s0c )/(6 MNAD mp»

Generalization for various shapes
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qq 2

d
2 sinsin KKe +-=

m.c. Dipolar energy
J/m 3J/m

d/KKQ =

Relevant e.g. for stripe domains in
thin films with perpendicular
magnetocristalline anisotropy
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for hard magnetic materials
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Strictly speaking, ‘shape anisotropy’ is of second order:

q2
dtot sinVKE =2D:

In real samples magnetization is
never perfectly uniform: competition
between exchange and dipolar
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� Higher order contributions to the anisotropy
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Color code : strength of anisotropy in a given direction
Radius : size of measured pattern
Direction : direction of measurement
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implications sur 
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‘C state’ ‘C state’

‘S state’‘S state’

At least 8 nearly-equivalent ground-states for a dot
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Numerical micromagnetic calculation

Two ground-states each
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� GOOD: Better reproducibility

� BAD: Higher switching field
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Vortex state
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Single domain state becomes favorable well above l ex

Dipolar energy is higher for thicker dots
(think in terms of magnetic charges)
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Infinitely soft material (K=0)

Zero external magnetic field

(no volume charges)

(no surface charges)

�� =�
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��� ¾®¾�

�� =�Looking for a solution with :
« Flux closure »

2D geometry (neglect thickness)

Size >> all magnetic length scales (wall width)
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Van den Berg model
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The domains with magnetization parallel

to the applied field are favored

��������	�
	� �� ��� ���� �����	��
���� 
������������

�������!+�%!�� #��	����+��� #!���

See further extension to
field arbitrarily-close
to the saturation field:
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1. Preparation of states and domain wall states

2. Details and use of domain walls in stripes

3. Magnetization processes inside domain walls
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Longitudinal field to
reverse the magnetization

Transverse field to keep
end domains aligned
parallel to each other

End domains aligned mainly
antiparallel owing to a
dipolar shape effect
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Nucleation

Propagation

Nucleation Pinning/depinning

Propagation

Reservoir for
nucleation

Pinning/depinning

Propagation
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Step 1:
transverse

field

Remanent
state
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Vortex state Near single-domain
(leaf state)

Aspect ratio D/t

Large diameter D

5!��"

Vortex state Onion state
Stability less dependent on geometry

(no vortex energy)
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The central magnetic vortex
can be magnetized up or down using
a perpendicular field
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Micromagnetic simulation
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First theoretical insight in Bloch points
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Magnetic vortex core reversal by excitation with short bursts of an alternating field
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Resonant phenomenon

Non-resonant phenomenon
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Experiment 2.4x1011A/m2

Experiment 3.5x1011A/m2

Simulation 3.88x1011A/m2(resonant phenomenon)
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Oxidized Co nanoparticles
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AFM matrix
TB » TN CoO
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CoCORECoOSHELL in Al2O3 matrix
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CoCORECoOSHELL in CoO matrix

T, K
Non-magnetic matrix : TB » 30K
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Problems remain:
� Not all features understood
� Very sensitive on fabrication
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Core-shell CoO cluster on CoO
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See also: magnetic semiconductors, multiferroics etc.
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