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Magnon Spintronics

Magnon spintronics, at GHz frequencies

A. V. Chumak et al., Nat. Phys. 11, 453 (2015)

Connecting magnonics and spintronics, without frequency selection



Exciting magnons by spin-flip scattering

> Localized magnon injection (at Metal|YIG interface)
> Spin accumulation generates magnon accumulation
> Linear process

Conduction electron spin-up -> Metal
spin-down + magnon
YIG
Spin-down + magnon -> spin-up Metal
YIG



Non-local experiment

Electrical magnon injection

Inverse spin

/ Hall to detect

Spin Hall to

inject \

L.]J. Cornelissen et al., Nat. Phys. 11, 1022 (2015)



Devices

Long distances Short distances
2.5um < d < 160um 200nm < d < 5um
Device length 100um Device length 12.5um

Ti/Au




Electrical magnon generation

L.]J. Cornelissen et al., Nat. Phys. 11, 1022 (2015)



Distance dependence

A=94+0.6 um

Relaxation regime -> exponential decay
Diffusive regime -> 1/d decay



Parameters of the magnon system

Interfacial SSE*

/ here?

Interfacial SPE

here? \

*]. Xiao et al., PRB 81, 214418 (2010)

L.]J. Cornelissen, K.J.H. Peters, G.E.W. Bauer, R.A. Duine
and B.J. van Wees, PRB 94, 014412 (2016)



Magnon chemical potential

1. L.J. Cornelissen, K.J.H. Peters, G.E.W. Bauer, R.A. Duine
and B.J. van Wees, PRB 94, 014412 (2016)



Magnon chemical potential

1. L.J. Cornelissen, K.J.H. Peters, G.E.W. Bauer, R.A. Duine
and B.J. van Wees, PRB 94, 014412 (2016)



Modeling the experiments

spin Seebeck

spin Peltier

1. L.J. Cornelissen, K.J.H. Peters, G.E.W. Bauer, R.A. Duine
and B.J. van Wees, PRB 94, 014412 (2016)
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Finite element model

Detector Injector Detector

/ Injected .,

Detector “spin sinks”

L.J. Cornelissen, K.J.H. Peters, G.E.W. Bauer, R.A. Duine

and B.]. van Wees, PRB 94, 014412 (2016) 12



FEM results

However, does not predict YIG
thickness dependence of the
signal correctly

J. Shan, L.J. Cornelissen et al.,
arXiv:1608.01178 (2016)
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Effect of temperature

Electrical magnon injection

*S.T.B. Goennenwein et al., APL 107, 172405 (2015)
J. Li et al, Nat. Commun. 7:10858 (2016)

Vélez et al., arxiv:1606.02968 (2016)

Wu et al., PRB 93 060403(R) (2016)



A.(T)and o (T)

L.]J. Cornelissen and B.J. van Wees, arXiv:1607.01506
(2016)




Thermal magnon generation

> Temperature gradient causes magnon spin current

spin Seebeck

> Joule heating in device causes magnon accumulation

Electrical Thermal



Non-local experiment
Thermal magnon injection
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Angle dependent measurements: 2w

L.]J. Cornelissen et al., Nat. Phys. 11, 1022 (2015)
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Electrical vs thermal injection
Long distances

(Electrical) (Thermal)
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Model for thermal generation

> Heat current flows outward from detector
> SSE generates magnon spin current

> Magnon current cannot enter GGG

> Magnon accumulation at interface

J. Shan, L.J. Cornelissen, N. Vlietstra, J. Ben Youssef, T. Kuschel, R.A.
Duine and B.J. van Wees, arXiv:1608.01178 (2016)



Electrical vs thermal injection
Short distances
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Effect of temperature

Electrical vs thermal magnon injection

1w 2

> Complex T-dependence of 2w is not yet understood
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Summary (I)

Electrical magnon injection

Thermal magnon injection
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Summary (II)

> Magnon chemical potential is an essential parameter in describing the
magnon spin transport

> Temperature dependencies for electrical and thermal injection are
completely different, but spin diffusion lengths agree

1w 2w A
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