
Electric Control and Detection 

of Spin Waves

Axel Hoffmann

Materials Science Division
Argonne National Laboratory



2

Outline

Â Spin Hall Effects

Â Manipulating Spin Waves

Â Thermoelectric Detection

of Spin Waves

Â Conclusions

Axel Hoffmann, MSD & CNM, Argonne National Laboratory                                           hoffmann@anl.gov

JS

M P
y
N+

+
+ --

-

V

	



Spin Hall vs. Inverse Spin Hall
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Spin Dependent Scattering

M.I. Dyakonov & V. I. Perel, Sov. Phys. JETP Lett.13, 467 (1971); J.E. Hirsch, Phys. Rev. Lett.83, 1834 (1999) 

Recent Review:  Axel Hoffmann, IEEE Trans. Magn. 49, 5172 (2013)



Combine Spin Pumping and Inverse Spin Hall Effect
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ω Use Spin Pumping to Generate Pure Spin Current
E. Saitoh, et al., Appl. Phys. Lett. 88, 182509 (2006)

ω Quantify Spin Current from FMR and AMR

ω Measured Voltage Directly Determines Spin Hall Conductivity
O. Mosendz, et al., Phys. Rev. Lett. 104, 046601 (2010); Phys. Rev. B 82, 214403 (2010)



Typical dc Voltage Spectrum
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Symmetric part: 

Spin Hall Effect

Antisymmetricpart: 

Anisotropic Magnetoresistance
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O. Mosendz, et al., Phys. Rev. Lett. 104, 046601 (2010); Phys. Rev. B 82, 214403 (2010)



Non-Magnetic Layer Thickness
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V. Vlaminck et al., Phys. Rev. B 88, 064414 (2013) 

As Pdthickness increases:  Signal becomes more symmetric, i.e., ISHE-like
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Determine Spin Diffusion Length in Pd and Pt
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V. Vlaminck et al., Phys. Rev. B 88, 064414 (2013) 

Pd Pt

l S(Pt) =1.2±0.5nml S(Pd) = 5.5±0.5nm



Determine Spin Hall Angle for Many Materials
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Pt Au

Mo

g= 9.4%± 0.5 g= 0.3%± 0.1

g= -0.05%± 0.01

Pd
g= 1.2%± 0.3

4d

5d

Χ

Technique readily adapted 
to any material!

Phys. Rev. Lett. 104, 046601 (2010); Phys. Rev. B 82, 214403 (2010); Phys. Rev. B 88, 064414 (2013) 
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Giant Spin Hall Effect in Ta?
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Compare raw data
Pt Ta

Spin mixing conductance, spin diffusion length, something 
else?



Spin Hall Effects are Key Enabling Phenomena
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Spin Currents in Insulators
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Y. Kajiwaraet al., Nature 464, 262 (2010)

Use Direct Spin Hall Effect to excite 
magnetization dynamics

Use Inverse Spin Hall Effect and 
Spin Pumping for detection



Why Spin Wave Transport?
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ÅDecay length orders of magnitude 
larger than for diffusive spin currents
ÅNo Joule heating in special magnets
ÅCoherent spin transport
ÅFrequencies: GHz to THz
ÅCan interact with non-volatile objects 

such as domain walls
ÅPhase and Amplitudeinformation



Using Spin Hall Effects to Amplify Spin Waves
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ÅSpin Hall effects generates spin accumulation 
at interface with ferromagnet
ÅSpin torque from spin accumulation 

can compensate intrinsic damping
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or
How to send a spin wave 

around a corner

K. Vogt et al., Appl. Phys. Lett. 101, 042410 (2012)



Magnetic Field Dependence of Spin Waves
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kἼM:

Åpositive dispersion

Åhigh group velocity 

ƪ  aΥ

Ånegative dispersion

Åsmall group velocity 

exchange interaction

dipolar interaction

(k, ' ) =
ɔ

2ᶋ

p
(Heδ +ɚexk2) (Heδ +ɚexk2 + 4ᶋMsF00(k, ' ))



Can a Spin Wave turn a corner?
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Hext

K. Vogt et al., Appl. Phys. Lett. 101, 042410 (2012)



Brillouin Light Scattering Microscopy
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Åoptical resolution:
250 nm

Å2D scanning stage 
for sample

Åcontrolling sample 
position while 
measuring

Åactive stabilization via 
pattern recognition

Åaccuracy: 
better than 20 nm



Mapping excitation with Brillouin Light Scattering
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Spatial Dependence
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Spin Wave Propagation
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¹ Better spin-wave guidance with the applied direct current

Field Current

K. Vogt et al., Appl. Phys. Lett. 101, 042410 (2012)



Wave Vector Dependence
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Sample Design
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Åuse electric current (one input ) to switch 

spin-wave propagation between two arms 

of a Y-structure (two outputs )

GENERAL IDEA:

Å2 Õm wide and 30 nm thick spin-wave 

conduit made from Py

Å3 Õm wide and 50 nm thick Au line 

insulated with 50 nm MgO from Py

Åangles of 30Á, 60Á and 90Á

SAMPLE GEOMETRY:



Spin-Wave Multiplexer
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Spin-Wave Multiplexer
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Spin waves only propagate in arm where electr ic current is flowing
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Anomalous Nernst Effect
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Damping of Spin Waves Generates Heat
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ÅDissipated Energy increases with w
ÅLosses at higher wdue to 

impedance mismatch
H. Schultheisset al., Phys. Rev. Lett. 109, 237204 (2012)


