Random Anisotropy Model

Focus: averaging anisotropies
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Microstructure and Magnetism
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The Random Anisotropy Model
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The Random Anisotropy Model

saverage anisotropy constant

(K\)=K,/\/N (1)

enumber N of coupled grains
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*exchange length (renormalized)

Lo=o4/(K) @

4 6 6
K16D3 =K, D - basic
@, A (% /A/[(IMange length
The Random Anisotropy Model

saverage anisotropy constant

Resolve for <K,> —> <K1> —
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Averaging Random Anisotropies

anisotropy energy density
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Averaging Random Anisotropies

anisotropy energy density

1
) =— Y K, -sin®(¢p—6)

. /
magnetization anisotropy
K, constant random
orientation ¢ orientation 6
)
2%
2 5 Open
(@] - =
© % Simu-Anisotropy.xls
&
0

magnetization angle, ¢



anisotropy
energy density, ex

Ki

o

Conclusions Simulation 1 (Blackboard)

+ anisotropy constant Ky is reduced
« Kyand phase are fluctuating
ground state energy enhanced

Averaging Random Anisotropies
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Averaging Random Anisotropies

anisotropy energy density
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Averaging Random Anisotropies

anisotropy energy density

= 2K sin(9-6)

N

1 . 3 1 ] & . .
— Yy sin(¢p—-6)=—|1—— CcO0S2¢ cos26. +sin 2¢sin 26.
o (=G 2( o Ees B sy ,)j
_1 1- cos2¢lZN:cos29 +sin2¢l§:sin20
2 N3 i N3 i

\ ) \ )
\ \

1 f_/%
kysin*(¢p—y,) =~ — cos2¢k cos2l//N+sm2¢ ky sin 2y,




Averaging Random Anisotropies

anisotropy energy density
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Averaging Random Anisotropies

Function kN(ByVal N) As Double

'returns the average anisotropy constant Kn
'of N units with randomly oriented anisotropy axis

_ _ N 2 N 2
Dim cPi As Double, Theta As Double 1 ]
Dim sum1 As Double, sum2 As Double ky=— Z cosé | + Z sin @
N . .
i=1 i=1

'initiate variables
cPi = 4# * Atn(1#)  'the number PI
sum1 = 0#: sum2 = 0#

'sum over n randomly oriented units
Fori=1To N
Theta =2 * Rnd * cPi 'random phase between 0 and 2PI

sum1 = sum1 + Cos(Theta) RAM2DSimu.xls

sum2 = sum2 + Sin(Theta)
Next

Open

‘calculate and return final result
kN = Sqgr(sum1 * sum1 + sum2 * sum2) /N

End Function

Conclusions Simulation 2
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 Kyis reduced as 1/N'?
« Ky is fluctuating

- statistical deviation is in the order of K itself
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Seperate average and statistical fluctuations
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Anisotropy Fluctuations
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Averaging Random Anisotropies
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anisotropy energy density
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Averaging Random Anisotropies

anisotropy energy density
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Uniaxial Anisotropy (3D)

uniaxial
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Uniaxial Anisotropy (3D)
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Uniaxial Anisotropy (3D)
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Uniaxial Anisotropy (3D)

K,>0




Uniaxial Anisotropy (3D)
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Uniaxial Anisotropy (3D)
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average anisotropy coefficients

Koy = 1 3Ky ()
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Cubic Anisotropy
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Random Cubic Anisotropy (3D)
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Multi-phase systems
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Extended Random Anisotropy Model
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Extended Random Anisotropy Model

different structural phases
with local random anisotropy K,
grain size D, and fraction X,
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Extended Random Anisotropy Model (K,=0)
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Contribution of Amorphous Matrix
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Effect of Boride Compounds
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Effect of Boride Compounds
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Effect of Boride Compounds
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Macroscopic and Random Anisotropies
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Mix of Uniform and Random Anisotropy
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Coercivity Mechanism
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Conclusions
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Open Questions

Random Anisotropy Model

Problems:
*Adding Anisotropies
Z:xiﬂizl(izl)i3
<K>: Kj+" / ,easy” part

L3

*Exchange interaction A
in multi-phase systems 7

*Dipolar interactions
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