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Classes of Spintronic Effects

Current 

induced 

torque or

Spin transfer 

torque

Spin Hall 

effect family

Spin 

Caloritronics

Si spintronics

Graphene and 

topological 

insulators



Current induced torque or

Spin transfer torque

A. Brataas, A.D. Kent and H.Ohno, 

Nature Materials 11, 372 (2012).



Spin pumping

A. Brataas, A.D. Kent and H.Ohno, Nature Materials 11, 372 (2012).

Spin injection



Conventional Magnetoresistance

(Giant) GMR and (Tunnelling) TMR

Mott Device

Spin 

valve



(Anisotropic) AMR

Dirac Device

Spin 

valve

A. Tomadin, G. Vignale and M. Polini, 

Phys. Rev. Lett. 113, 235901 (2014).

Corbino disk



Bipolar spintronics: light and spin

Spin LED and 

spin lasers.

Photoexcitation of

spin currents.

Schockley Device



Role of antiferromagnets in spintronics



B.G. park et al, 

Nature Mat. 10, 347 (2011).



The Conventional Hall Effect



The Anomalous Hall Effect



Charge and Spin Current



Pure Spin Hall Effect



Inverse Spin Hall Effect

Electrical detection of spin currents.



Spin Caloritronic Effects

Conventional Seebeck Effect



Thermocouple

Peltier

Effect



Spin Seebeck Effect

Metal



Uchida et al. 

(2008)

Semiconduct

or



Jaworski et 

al. (2010)

Insulator



Uchida et al. 

(2010)

Ferrites



D. Meier et

al. (2015)



Thermospin generators



Charge current flow along 

chemical potential gradient



Mechanism of the Seebeck effect



Average energies dependent on 

temperature



Seebeck effect as a field gradient



Seebeck effect as the gradient of

electronic entropy



Mechanism of the spin Seebeck effect (1)



Mechanism of the spin Seebeck effect (2)



Variation of the electrochemical potential



Electrical Detection of the SSE

T. Ota et al, J. Phys.: Conf. Series 200, 062020 (2010).



Measurement and Imaging 

of Electron Spin

• Electron spin resonance

• Ferromagnetic resonance

• Brillouin light scattering (BLS)

• Magnetic force microscopy

• Magneto-optical techniques



Observation of SHE

Y. K. Kato et al, Science 306, 1910 (2004).



Basics of Magneto-Optic Effects

Constitutive magnetic properties at optical frequencies
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Magneto-electric coupling at optical frequencies
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Properties of the electric permittivity tensor
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Example: uniaxial crystal of a magnetic non-ordered 

material inside a magnetic field
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Linear effects: Faraday and Kerr

Quadratic effects: Cotton-Mouton
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Example: uniaxial crystal of a magnetically ordered 

material with some magnetization
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Magneto-optic Faraday Effect
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The Faraday Rotation Angle
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Magneto-optic rotary dispersion and

properties of paramagnetic ions imbedded in a 

diamagnetic matrix

A. Shaheen, H. Majeed, and M.S. 

Anwar, Applied Optics 52, 5549-5554 

(2015).



Calculating the oscillator strength for paramagnetic rare earth ions



Unambiguous Determination of Faraday Rotation and Ellipticity

from paramagnetic terbium gallium garnet crystal



Magneto-optic Kerr Effect
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Magneto-optic scattering 

from heterostructures



Scheme of balanced polar 

MOKE detection





Polar MOKE 

Co/CoO

(Balanced detection) 

Longitudinal MOKE 

Co/CoO

(Balanced detection) 

Polar MOKE 

Parallel polarizers 

(single ended) Crossed polarizers Analyzer at 45 deg.



Experimental scheme
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Synthesis and structural

characterization



11 nm 18 nm

25 nm 40 nm



20 nm

Permalloy, 

longitudinal, first 

harmonic

Permalloy, 

longitudinal, second

harmonic

20 nm

CoFeB, longitudinal, 

first harmonic0.8 nm

CoFeB, longitudinal, 

second harmonic

0.8 nm



Optical Detection of the 

Spin Seebeck Effect

Experiment under progress.


