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* Introduction to spintronics and its applications

« Real devices: Magnetic Tunnel Junctions

* Investigated phenomenon: Spin Transfer Torque
e Micromagnetic Simulations

« Results and comparison with experiment

* Summary
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@M Applications

* magnetic RAM, nano-oscilators, HDD read heads: data storage
density beyond Tb/in? '
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MWUJ Magnetic Tunnel Junctions

Parallel state
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Resistance change due to TMR — theoretically up to 1500% (T=0K)
experimental record 1000% (T=0K)

C. Chappert et al. Nature Materials 6, 813 - 823 (2007)

Antiparallel state
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J. Mathon et al., Phys. Rev. B, 2001. W. H. Butler et al. Phys. Rev. B, 2001.
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lllmlJJ Nanoprocessing and experiments
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@I}! Spin-Transter-Torque

Landau-Lifszyc-Gilbert-Slonczewski (LLGS) equation:
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lllmlJJ Precession vs. current
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Moment in an applied field along z with no anisotropy

a b Low current C High current, d High current,

y —damped motion —slable precession —switching
Applied field

Initial
Magnetization

| = ICritical
Ralph, Stiles JMMM 320, 1190 (2008)

KUKDM’15, Zakopane, 13.03.2015



/ ./
/ /'/ /

MNUJ Simulations and modelling’g) :
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Models of magnetization
dynamics based on LLG
egaution

Macrospin: Microspin:

- Homogenous - Spatial distribution of
magnetization magnetization (continous

- Analitical calculations medium model)

possible - Numerical calculations
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lllWIJJ Current flow model

Top electrode
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tygo = 0.95 nm
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MWUJ Spin Torque - FMR
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LL\WJJ Summary
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« Spintronics — interdisciplinary branch of science
providing electronics nano-elements

* Micromagnetic simulations — efficient modelling
method of spintronics devices

« Agreement with experimental data obtained also on
AGH

* Usege of PL-GRID infrastructure allows for extensive
simulations
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Thank you for your attention.
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