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TEM Instrument
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TEM: Image mode/Analysis
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https://wwwf.imperial.ac.uk/blog/fonsmad2015-
velox/2015/07/18/tem-of-gold-nanoparticles-
results/

Elemental Analysis

Si/SiO/NiFe(20nm)/[FeMn(15nm)/NiFe(20nm)] X 10/Ta

NiFe

FeMn

X 10

https://wwwf.imperial.ac.uk/blog/fonsmad2015-velox/2015/07/18/tem-of-gold-nanoparticles-results/


Sample holders
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Aurélien Masseboeuf. In Situ Characterization 
Methods in Transmission Electron Microscopy. Alain 
Claverie and Mireille Mouis. Transmission Electron 
Microscopy in Micro-Nanoelectronics , John Wiley & 
Sons, Inc., pp.199-218, 2013, 9781118579022. 
ff10.1002/9781118579022.ch8ff. ffhal-01430590f

Sample holders
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•Specimen in field free space in TEM

•TEM rod with 4 electrical contacts

•Fabrication: 2 step EBL “lift-off” process 

•Substrate: supported 50 nm thick Si3N4 membrane 

•NiFe film deposition by UHV evaporation

Sample holders



Magnetic order
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Exchange Interaction

Ferromagnetism (FM)

Antiferromagnetism (AFM)

Ferrimagnetism (FiM)

Fe, Co, Ni

FeO, Co3O4, MnO, BiFeO3

Fe3O4, CoFe2O4, NiFe2O4



Magnetic domains
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Magnetic domain walls
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Data Storage

Transverse DW

Vortex DW

Magnetic Domain-Wall Racetrack Memory
S. Parkin, M. Hayashi, L. Thomas, Science 320, 190 (2008)
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Fresnel mode contrast arises due to

components of magnetic induction

gradient perpendicular to the electron

beam.
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Lorentz Microscopy: Fresnel Mode



Lorentz Microscopy:
Differential Phase Contrast imaging (DPC)
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What is OOMMF?

■ OOMMF stands for Object Oriented MicroMagnetic Framework

■ OOMMF is a widely used simulation tool.

■ It was developed by Mike Donahue and Don Porter at NIST

■ It is a portable, extensible public domain micromagnetic program

■ It is written in C++ and Tcl

■ There is a Python interface for OOMMF by M. Beg et al. AIP Advances 7, 056025 (2017)

■ Windows, Unix, macOs

■ Available at nanoHUB

■ More than 3253 papers citing OOMMF
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What are micromagnetic simulations?

■ Micromagnetic simulations are based on the theory micromagnetics, which is a 
continuum theory.

■ Well established tools in order to make quantitative predictions of the behaviour of 
magnetic systems

■ In continuum approximation, the magnetization is considered as a continuous vector 
field, and it is a function of space and time. M=M(r,t)

■ Magnetization is represented by a normalized magnetization field m(r,t)

𝒎 𝑟, 𝑡 =
𝑴(𝑟, 𝑡)

𝑀𝑠
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Why use micromagnetic simulations?

■ Fabricating samples is a time consuming and expensive process. It would be nice to
have a way of testing elements before fabrication.

■ Explaining experimental results.

■ OOMMF (and other packages) allow the user to determine the possible magnetization
distributions supported by an element of a particular size and shape.
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How does OOMMF work?

■ We need to design an element and then input the dimensions along with appropriate 
material parameters and applied field values. This defines the magnetic problem.

■ OOMMF searches numerically for a magnetization vector field that solves the Landau-
Lifshitz-Gilbert (LLG) equation.

■ After each step, the spins are adjusted slightly and the calculation is redone. This process 
continues until the total system energy of the system is minimized.

■ We end up with a relatively realistic result for the micromagnetic state.
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𝑑𝒎

𝑑𝑡
= −

𝛾0
1+ 𝛼2

𝒎 × 𝑯𝑒𝑓𝑓−
𝛾0𝛼

1 + 𝛼2
𝒎 × (𝒎 × 𝑯𝑒𝑓𝑓)



MIF file
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Specify simulation volume, Atlas ≥ 1

Specify how to discretize



MIF file
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Specify as many energy terms as needed



MIF file
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Specify as many vector fields as needed
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https://nanohub.org/resources/oommf
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Domain-Wall Engineering

Use irradiation to locally alloy (change magnetic properties)

Cr(3nm)/Py(10nm)Cr(5nm)

(c) 
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Domain-Wall Engineering
Transverse wall

Phys. Rev. Applied 3, 034008 (2015)
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Domain-Wall Engineering
Vortex wall

Phys. Rev. Applied 3, 034008 (2015)
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Domain-Wall Engineering

Phys. Rev. Applied 3, 034008 (2015)
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Investigated Ru(2)\CoFe(10)\Ru(0.7)\CoFe(10)\Ru(2) [nm] wires. 

Camera length 8 cm;  C1 aperture 40μm  

HAADF 20 nm

SiO2

Co90Fe10

Co90Fe10

E-beam Pt 

Ru

Ru

Ru

Schematic representation of 
the multilayer system

TEM cross-section image

Cross-section multilayer
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Domain Wall in SAF
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Domain Wall in SAF



Limitations of OOMMF

■ Not possible to simulate every magnetic moment in a material. Typically simulate 3D 
cells with 5 nm sides.

■ Simulations use perfect structures with no imperfections. In reality, nanowires have a 
degree of roughness.

■ Simulations are carried out at 0 K, experiments are carried out at room temperature.

■ Magnetic fields are applied stepwise in OOMMF; in a TEM magnetic fields are 
increased continuously.
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