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July 7, 2016
Posted in: Cloud Computing, Storage, Thamas J Watson Ressarch Center

Researchers celebrate
20th anniversary of IBM’s
iInvention of Spin Torque
MRAM by demonstrating
scalability for the next
decade

J. J. Nowak et al., IEEE Magnetics Letters 7, 3102604 (2016)
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The next step: using spin-orbit coupling
to control the magnetization
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SPIN-ORBIT TORQUES

|. M. Miron et al., Nature 476, 189-193 (2011)
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The next step: using spin-orbit coupling
to control the magnetization

Room-temperature spin-orbit torques
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SPIN-ORBIT TORQUES

|. M. Miron et al., Nature 476, 189-193 (2011)
C. Ciccarelli et al., Nature Physics 12, 855-860 (2016)
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The next step: using spin-orbit coupling
to control the magnetization
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|. M. Miron et al., Nature 476, 189—-193 (2011)
C. Ciccarelli et al., Nature Physics 12, 855-860 (2016)
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The next step: using spin-orbit coupling
to control the magnetization
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Outlook

Theoretical framework
Results
= Spin-spin response functions

= Current-driven resonances
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W(110)

= Dynamical Hall effects and magnetoresistances

Perspectives

Conclusions
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Each combination perturbation/observable
describes different phenomenon

perturbation observable
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Spin-spin response functions
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describes the excitation of spin waves
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Spin-spin response functions
describes the excitation of spin waves
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Spin-spin response functions
describes the excitation of spin waves
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Spin-spin response functions
describes the excitation of spin waves
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Oscillatory interlayer coupling may be used
to design synthetic antiferromagnets
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Spin-spin response functions
describes the excitation of spin waves
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Each combination perturbationlobservable
describes different phenomenon

perturbation observable
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Spin currents are generated
by the spin Hall effect

E(r,t) = Eycos(wt)X
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Spin currents are generated
by the spin Hall effect

E(r,?) = Ey cos(wt)X Spin Hall Effect
[S
Spin Hall angle: Oqyg o ﬁ
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E(r,t) = Eycos(wt)X
(r,2) 0 cos{wt) Spin Hall Effect

Inverse Spin Galvanic Effect

Spin dependent scattering
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E(r,t) = Eycos(wt)X

Spin Hall Effect

Inverse Spin Galvanic Effect

Spin dependent scattering
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Current-driven ferromagnetic resonance
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Current-driven optical resonance
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E(r,t) = Eycos(wt)X
Spin Hall Effect

Inverse Spin Galvanic Effect

Spin dependent scattering

f.guimaraes@fz-juelich.de Sci. Rep. 7, 3686 (2017)
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Spin pumping
Inverse Spin Hall Effect
Spin Galvanic Effect

Sci. Rep. 7, 3686 (2017)
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E(r,t) = Eycos(wt)X
Spin Hall Effect

Inverse Spin Galvanic Effect

Spin dependent scattering

Spin pumping
Inverse Spin Hall Effect
Spin Galvanic Effect
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Each combination perturbation/observable
describes different phenomenon

perturbation observable
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Each combination perturbation/observable
describes different phenomenon

perturbation observable

Spin Hall angle spin density
Magnetoresistances _—

magnetic field Hall effects

——— e ———

o

/ spin currents ™\

———

\charge currents/

Osu > 0 |Pt(100) «—> E() w(i110) <«<—> E(¢)| 0su <0

f.guimaraes@fz-juelich.de Sci. Rep. 7, 3686 (2017)



iation

Member of the Helmholtz Assoc

Spin and charge pumping
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Magnetization direction affects the ClZJrrents
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Anisotropic + Spin Hall Magnetoresistance
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Perspectives
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i‘i‘
- Dynamical effects provide very rich phenomena - ;
* ac currents can excite spin wave resonances - _f
iIn a controllable fashion

» Spin and charge pumping contribute to the currents flowing on the
system

» Spin Hall angle is a complex quantity

» Magnetoresistances and Hall currents in heterostructures have a
dramatic variation due to the excitation of magnetic resonances

* AC currents can be manipulated by varying the frequency of

electric field or using static magnetic fields
PRB 92, 220410(R) (2015)

Th an k yo u | Sci. Rep. 7, 3686 (2017)
e DYNASORE: dynamical magnetic
PRI, ej‘ C h excitations with spin-orbit interaction
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