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Motivation: physics and computers
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Prehistoric age of magnetic memories

1932: Magnetic drum memory 1990s: Floppy disc

10 kB memory 1.44 MB memory

k)

1980s: SyQuest hard disc

44 MB memory

1970s: Magnetic tape

up to 60 MB memory

P.Balaz (Charles University) GMR 7 May 2019, Prague 3/15



Breakthrough in magnetic memories: Giant Magnetoresistance

m 1989: Giant Magnetoresistance

m Magnetic hard drives

Peter Griinberg and Albert Fert
Nobel Prize in Physics, 2007
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Breakthrough in magnetic memories: Giant Magnetoresistance

m 1989: Giant Magnetoresistance

m Magnetic hard drives
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Physical principle of GMR: electon has spin
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m in a ferromagnet electrons move in two distinct spin channels
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Start of spintronics

electric current
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Angular momentum transfer

m spin current carries charge and angular momentum

P.Balaz (Charles University) GMR 7 May 2019, Prague 7/15



Angular momentum transfer

m spin current carries charge and angular momentum

electric current

P.Balaz (Charles University) GMR 7 May 2019, Prague 7/15



Angular momentum transfer

m spin current carries charge and angular momentum

electric current

P.Balaz (Charles University) GMR 7 May 2019, Prague 7/15



Angular momentum transfer

m spin current carries charge and angular momentum

electric current

P.Balaz (Charles University) GMR 7 May 2019, Prague 7/15



Angular momentum transfer

m spin current carries charge and angular momentum

electric current

P.Balaz (Charles University) GMR 7 May 2019, Prague 7/15



Angular momentum transfer

m spin current carries charge and angular momentum

electric current

m longitudinal component passes the magnetic layer

P.Balaz (Charles University) GMR

7 May 2019, Prague

7/15



Angular momentum transfer

m spin current carries charge and angular momentum

electric current

m longitudinal component passes the magnetic layer
m transverse component is absorbed in the magnetic layer: spin transfer torque 7

m magnetization dynamics
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Magnetization dynamics

Magnetic precessions

m spin torque oscilator
m GHz frequencies

® microwave transmitters
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Magnetization dynamics

Magnetic precessions Magnetization switching
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m spin torque oscilator

m GHz frequencies

B microwave transmitters m magnetic random access memories MRAM
m faster writing rate
m higher density of the memory cells

m nonvolatility
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Magnetic domain walls in nanowires

m domain wall contains
noncollinear magnetizations

m Spin transfer torque is possible

Source: Physics 1, 17 (2008)

(topological defect]
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Magnetic domain walls in nanowires

m domain wall contains
noncollinear magnetizations

m Spin transfer torque is possible

Source: Physics 1, 17 (2008)

(topological defect]

Stuart Parkin
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Domain wall racetrack memory

3D magnetic memory

Current pulse drives domain wall
bit sequence through racetrack

Writﬁ X Read

Element Element

Source: Physics World
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What is wrong with spintronics?
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What is wrong with spintronics?

Everspin 28 nm 1Gb STT-MRAM Major drawbacks

m to move domain wall or magnetization
switching we need large currents

m high energy consumptions

m Joule heating
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m to move domain wall or magnetization
switching we need large currents

m high energy consumptions

m Joule heating

Peak of Inflated
Expectations

m MRAM is sliding into the trough (2018)

Plateau of

Productivity m requires further research

Expectations

m new materials

Innovation Trough of
Trigger isillusionment m new ideas and approaches
Time

Source: gartner.com
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Playground for physicists: multiscale approach

Micromagnetic simulations

Atomistic spin dynamics

Spin-dependent transport

Material research l
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New trends in spintronics: skyrmions

Source: Phys.org

m topological defects in magnetic texture

m can be manipulated by current
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New trends in spintronics: skyrmions

m Skyrmionic racetrack memory

Source: Phys.org

m topological defects in magnetic texture

m can be manipulated by current Source: Forschungszentrum Jilich
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New trends in spintronics: magnetism goes to ultrafast
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New trends in spintronics: magnetism goes to ultrafast

magnetization reduction
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New trends in spintronics: magnetism goes to ultrafast
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ultrafast
magnetization reduction

E. Beaurepaire et al.
Ultrafast Spin Dynamics in Ferromagnetic Nickel
Phys. Rev. Lett. 76, 4250 (1996)
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Thank you for your attention!

Pavel Balaz
Ke Karlovu 5, Room: F 053

balaz@karlov.mff.cuni.cz
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