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INTRODUCTION TO MAGNETISM — Currents, magnetic fields and magnetization

Qersted field Magnetic moment Magnetic material
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INTRODUCTION TO MAGNETISM — Hysteresis loops

Manipulation of magnetic materials:
e Application of a magnetic field

Zeeman energy: EZ = —IUOH.M

Spontaneous magnetization M¢
Remanent magnetization M,

M

Coercive field H,

Hext

Losses
I,
E = f tU,H. .dM
% Laboratoire Louis Néel, Grenoble, France. Olivier Fruchart — JDN14 — Murol — May 14th, 2006 — p.6

http://lab-neel.grenoble.cnrs.fr/themes/couches/ext/slides/



INTRODUCTION TO MAGNETISM — Magnetically soft and hard magnetic materials

Soft materials Hard materials

MA
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| Hext / Hext
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Transformers
Flux guides Permanent magnets, motors
Magnetic shielding Magnetic recording
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INTRODUCTION TO MAGNETISM — Sources of magnetic energ
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INTRODUCTION TO MAGNETISM — Magnetic characteristic length scales

Typical length scale:

Bloch wall width A,

Ay = TN A K
AB=2-3nm —— Az 2100 nm
; Hard Soft
st Q H s
? -
e= A(dg/dx) + Ksin?4
Exchange ‘Anisotropy
J/m J/m?®
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INTRODUCTION TO MAGNETISM — Magnetization patterns

Nanomagnetism ~ mesoscopic magnetism

Bulk material Mesoscopic scale Nanometric scale

Numerous and complex Small number of domains,
magnetic domains simple shape

Microfabricated dots
Co(1000) crystal - SEMPA Kerr magnetic imaging
A. Hubert, Magnetic domains A. Hubert, Magnetic domains

Magnetic recording essentially makes use of
single-domain particles

Magnetic
single-domain
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R.P. Cowburn,
J.Phys.D:Appl.Phys.33,
R1 (2000)
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INTRODUCTION TO MAGNETISM — Giant magnetoresistance

PrinCiple ECIY Discovery: 1988, A. Fert (CNRS-Thalés) and P. Griinberg (Jiilich)

Spin filtering in an heterostructure Configuration Configuration AP
A E "M NM;M| M NM|
. N
Fermi IeveI d
d AT -
R+ = (r+R)/2
D(E)™ = el :.__-!
R-=R R- = (R+r)/2
e Two-current model

Applications

® Magnetic sensors: compass, read heads

Geometry: multilayers

® Magnetic memory direct reading

Magnitude: < 40-50%
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INTRODUCTION TO MAGNETISM — Tunnelling magnetoresistance

PrinCiple of TMR Discovery: 1975 (Julliére); ‘rehabilitated’ 1995, Moodera et coll.

® Spin filtering in heterostructures

® Electron tunnelling between electrodes

W
\
_______________________________________________________ E
S0 fre I """"" eV

® Mécanique classigue: pas de courant

® Mécanique guantigue: courant tunnel

Equation de Schrédinger

D)V (o) = Elg)

2m dx?

Ferro2
Insulator

Ferrol

AR  cos(6)

Geometry: multilayers
Magnitude: < 100-150%
High resistance
Ultrathin oxyde layer

Applications

® Magnetic sensors

® Magnetic memory direct
reading
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INTRODUCTION TO MAGNETISM — Magnetic recording

Read-write heads
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(rotation 7000-10000 rpm)

- hard disks

Increase of areal density
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The Physics of Ultrahigh-density Magnetic Recording,

M. Plumer, J., van Ek, D. Weller,
Springer (2001)
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INTRODUCTION TO MAGNETISM — Magnetic recording : hard disks (superparamagnetism

Anisotropy barrier

ur

Formalism for thermal excitations

7\

l DOWN

Anisotropy barrier E;~KV

Phenomenological model
Brown, Phys.Rev.130, 1677 (1963)

':25kT < Probability for non-reversal
P (t) — e_t/T

2 Mean waiting time for reversal

T = TOGEB IKgT  1,=10-%

& Energy barrier required to prevent
magnetization reversal during duration t

E, =kgT In(t/7,)

%s

Orders of magnitude

Laboratory : £=1s

Steady Increase of
anisotropy K for magnetic
recording

> Some drawbacks

Vg = 25kgT /K

Laboratoire Louis Néel, Grenoble, France.

Recording : 1>>10°% Vg = 40 — 60kgT /K| | > physical limits?
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