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Micromagnetics. . .
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. . . is the study, modeling and simulation
of magnetic materials and their behavior

at the nanometer scale.
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Why Computational
Micromagnetics?

• Disk Drives
• Sensors

• Nonvolatile Memory
• Spintronics
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Magnetic Disk Storage
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Quasi-Static Micromagnetics
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Magnetization Dynamics
Time x
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Magnetization Dynamics
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Magnetization Dynamics
Time x

µ0H = 36 mT

0 ps

100 ps

150 ps

Micromagnetic Modeling – p.6/16



Magnetization Dynamics
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µMAG
Micromagnetic Modeling

Activity Group

Standard
Problems

Public
Code

Center for Theoretical and Computational Materials Science

http://www.ctcms.nist.gov/
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Standard Problems

µMAG
Micromagnetic Modeling Activity Group

Four Standard Problems for micromagnetics
http://www.ctcms.nist.gov/~rdm/mumag.html

Check computed outputs against contributed solutions:

• Verify algorithms

• Compare methods

• Optimize parameters
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Standard Problems

µMAG
Micromagnetic Modeling Activity Group

Four Standard Problems for micromagnetics
http://www.ctcms.nist.gov/~rdm/mumag.html

Example #4,

Switching dynamics:
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µMAG Standard Problem #1
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µMAG Standard Problem #1

Long Axis Hysteresis Loops
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Public Code
Portable, extensible,

public domain
programs & tools

for micromagnetics

http://math.nist.gov/oommf

• Graphical User Interface

• Windows and Unix

• 150 page user’s manual

• Binaries and source code

• Tcl/Tk and C++ based

modular architecture

• 1000+ downloads in 2001
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Public Code
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OOMMF eXtensibleSolver
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Brown’s Equations
Energies:

Eexchange =
A

M 2
s

(|∇Mx|2 + |∇My|2 + |∇Mz|2
)

Eanis =
K1

M 2
s

(M · u)2

Edemag =
µ0

8π
M(r) ·

[∫
V

∇ · M(r′)
r− r′

|r − r′|3 d3r′

−
∫

S

n̂ · M(r′)
r − r′

|r− r′|3 d2r′
]

EZeeman = −µ0M · Hext
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Magnetization Dynamics

Landau-Lifshitz-Gilbert:

dM

dt
=

−ω

1 + λ2
M × Heff − λω

(1 + λ2)Ms

M × (M × Heff)

where

Heff = − 1

µ0

∂E

∂M

ω = gyromagnetic ratio

λ = damping coefficient
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