MSE-432: OOMMF Introduction
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=p-L Proposed plan of the exercise classes: Spring2025 -

Date Subject

Subject

E1 | 19/02 Lectures both days. Last 20 minutes:
20/02 Introduction to exercise course

Student Talks: OOMMF

E2 | 26/02 Experiments for all groups (both days for
27/02 exercises)
Report Submission deadline: 07/03/2025

E12 08/05 Student Talks: OOMMF

E3 06/03 Introduction to online seminars for flipped : : :
classroom on magnetic materials and E13 15/05 Problem set and solution discussion
devices.

E1l4 22/05 Question and answer / feedback session

E4 | 13/03 e (with Prof. Grundler)

/ Introduction to OOMMF

Problem Set — 2 (Graded)

E5 | 20/03 / Contact hours for Online seminars
E6 | 27/03 ( Student Talks: flipped classroom (Online

seminars)

E7 | 03/04 Student Talks: flipped classroom (Online
seminars)

E8 | 10/04 » Feedback on experiments. Grading: . : 100
Contact hours for OOMME Report - Subm|s§|on of the experiments rep_ort. 10%
- Student’s talk and abstract on seminars: 30%
E9 | 17/04 Contact hours for OOMMF Report - Talk and Report on OOMMF: 40%
Submission deadline: 15 May 2025 - Submission of Problem Set 2: 20%
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=Pt OOMMEF simulation - o o
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By Zureks - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=5155644
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Resources:

. . . H H

https://math.nist.gov/oommf/oommf tutorial/tutorial.html \‘ 1 T T

Micromagnetism:
«  State of ferromagnet by continuous vector, T T

Tert 4
Magnetl.zatlo.n M(X,t) o | i W\?V N ‘: -y
Energy contributions (Magnetization statics): =~ e
° MagnetOStatIC energy Adopted from: v‘ -. ‘ .v
*  Anisotropy Y W Ve
- Exchange .
e Zeeman

Landau-Lifshitz-Gilbert equation (Magnetization
dynamics) is solved to evaluate the magnetization after
relaxation at an applied magnetic field

OOMMF:
*  Object Oriented Micromagnetic Frameworks
. Finite Difference Method used to solve the LLG

Source: https://commons.wikimedia.org/wiki/File:LLG_constant.jpg

da
d—T = - 1:_/“2 (m X Heff) — (1+Z]2/)MS m X (m X Heff)



https://math.nist.gov/oommf/oommf_tutorial/tutorial.html
https://staff.aist.go.jp/v.zayets/spin3_47_exchange.html
https://commons.wikimedia.org/wiki/File:LLG_constant.jpg

=PrL OOMMEF script
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LU LA IS )
M3 twasple Piler Imageation . mif

® Description: Exseple wie of the Oxa_JmageAtiss cless,

et 2l [expr 4%atan(l.9))
pr A% . 1

pecify Oxd lsageAtiss:ating (
xrange (0 4aee.y)

yraege (0 17%5¢.9)

renge (0 SYe-9)

viesglane »y

i Dot f1e"

Constants

Defining dimensions using Image

Bk »y
wiite vecuum
)

Defining material by color

M

Poecity Ows_sectangularmshimess [
cellsizn (20e.9 20e.) S0n.9)

i istim
\

Defining Cell Size

. H
Specify Ows_umiforstechange (

A W

Exrlmngc value (With a unlt of J/m)

Deﬁnina Exchnnn Constant '

Specify Oms_Vlewswn [sadat {
]

" )
o a0)
. W)

o W)
o )
" “0)

(koH in mT)

Hysteresis Fleld Values

spocify Ows _Demag ()

tify Oxa_Cotvelve ()

Pecify Ows Mindriver (
beserame test
ovolver Oxs_(volwve

Energy Minimization and Stopping Conditions

s iatles
values (
Py Toee)
Yacum 8
)

Saturation magnetization value (with o unit of A/m)

Defining Saturation Magnetization

-t

™ (Ony_Nendomvwctors deld |
Min_nors 1.8
R _nore 1.0

'H

Chedhle Ons MInOriver: Magnetization srchive Stage 3

chedule DotaTabile arevive Stage |

Initial State (Random)

Save Output

Image credits: Richa Agrawal
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. . . . 5
Pmblem sets Compare: 2 (or 3) different geometries + 2 different materials
*You are free to choose the direction of the applied magnetic field
Group 3
Group 1 Group 2
5nm 150 nm 300 nm
50 nm 550 nm 150 nm
Group 6
150 nm W W
> P 4
t
Group 4 Group 5 - / Material -
/ \ Ni
—>
\ / 250 nm
= t<w t>w
“ > 150 nm 50 nm t=20nm t =500 nm
150 nm 150 nm

PHYSICAL REVIEW LETTERS 123, 077201 (2019)

Thickness: 20 nm (except for the groups 3 and 6)
Materials: Ni and Co

Material Parameters:

+ Exchange energy A,,: 8 pJ/m (Ni) and 31pJ/m (Co)

+ Saturation magnetization M: 490 KA/m (Ni) and 1.44MA/m (Co)

« Have alook at the paper from J.M.D Coey, Magnetism and Magnetic

Materials, Cambridge University Press, 2010, pp. 242

Good overview of each energy term that one must take into account
when constructing the energy functional of the system

Good practice when it comes to micromagnetic simulations
(relevance of the mesh size, computation cost, etc.)




=PrL  OOMMF simulation:
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expectations

Perform simulations for the given material parameters (dimensions, M, A.,)

Understand the hysteresis loop and explain to your fellow classmates your
observations during the group presentation:

Presentation of 15 min for a Group of 3 members and of 10 min for a Group of 2
members (i.e. 5 min per group member)

Explain briefly the problem statement, your approach, key observations, your
understanding of these observations

Prepare a report of maximum 3 pages (Article format)

Each member of the group is expected to present a part of the presentation and
answer questions related to that

Cite the references, literature, and any online material you use in your presentations
thoroughly (if needed)

Questions and discussions from the fellow classmates are highly encouraged!
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Running OOMMEF scriptin
MXF014




=F7L " Running scriptin
OOMMF

.......
“« v 1 > This PC > Windows (C > oommf v D

A

app
config
doc
pkg
sims
tests
CHANGES
Changes
LICENSE
makerules
;’;’ oommf

ocommf

oxsii.erors
README
Readme

Click here to open OOMMEF program

v

15 =

If you don’t see your TCL file activated. Then go to Open with > look for another app in this pc >
Tcl86 > bin > wish ( a screen shot is attached in the next slide)

B 13/03/2025



=F7L " Running scriptin
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OOMMEF

> This PC » Windows (C:) > Program Files > Tcl86 > bin

- 3D Objects £y Name Date modified Type

Deskt
- esktop 2 tdsh 05/01/2021 08:14 Application
5 Documents # tclsh86t 05/01/2021 08:14 Application
¥ Downloads : 14/01/2021 11:32 Application
d Music "+ wish86t 14/01/2021 11:32 Application
&= Pictures
B videos
= 7 Windows (C)

~. Elements (D)

w. Elements (D:)
11.02.2020 _Kohe
1602 2021 inhve ¥ €

File name: v | Programs

Open

Cancel

Size

10



=F7L " Running scriptin
OOMMF

If everything goes fine your screen should look like the picture shown below after opening the Tcl file in

OOMMF folder. S
_ tep 2:
Step 1: & <1> mmLaunch — 0 X
File Help b
= O X
° V' imxImscpe55 || imxImscpe55: ¥ ramanand
File Help ramanand \
- Programs Threads
‘ [~ imxImscpc55 :
mmArchive
mmDataTable
mmDisp
mmGraph
mmProbEd
. mmSolve2D
§ Oxsii
o
|



=F7L " Running scriptin
OOMMF
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After clicking on Oxsii check-box, you would find a new window opened

Click on File (as shown with circle) and then on Load

3. The Oxsii load problem window will open. At Path window (highlighted), copy and paste the path of folder with
simulation script and press enter.

4. In the left side, you will see .mif file “oommfsaturated.mif’ as highlighted in blue. Click on it and Run the next

window.

N
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=F7L - Visualizing results in
Muview

Open C:/Muview software. Go to File — Load and select all the generated files by OOMMF in the

folder. In Settings: you can adjust parameters to view spins corresponding to each pixel of your
sample
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Contact us in case
of questions.
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Have fun!!
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