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Magnetic Insulators
(with emphasis on YIG)

Yttrium Iron Garnet Y53+ Fe,3+) (Fe3+)0,2)),

© A.R. Chakhmouradian

YIG band structure

Jia et al, EPL (2011)
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Spin waves in insulators
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FIG. 1. Acoustical and optical magnon dispersion relations in magnetite, as
determined from inelastic neutron scattering by Brockhouse and Watanabe
(IAEA Symposium, Chalk River, Ontario, 1962).
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Do not associate
every spintronics effect
with Spin Hall effect
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Magnon-phonon coupling

Magnetoelastic coupling

O—5—0
-
O———O

Dynamic effects of magnon-phonon interaction

- thermalization of lattice and spin
- magnon-phonon drift
- magnon-polarons (Kittel, 1958)

Spin waves in YIG
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Spin Mechanics 3
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[Spin Mechanics 4 in Banff (Ca), Feb. 2017]

Magnon-polarons

Kamra et al. (2015)
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Magneto-polaron propagation (Shen, 2015)

Femto- n ical excitation
Excitation by — Inverse Faraday effect
— Heat
Detection by — Faraday or Kerr rotation

Satoh et al. (2012)
Hashimoto et a/. (unpublished).

Magneto-polaron propagation (Shen, 2015)
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Magneto-polaron propagation (Shen, 2015)
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FerroMagnetic Resonance

Landau-Lifshitz-Gilbert equation; Gilbert damping constant «
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Spintronics with magnetic insulators

A |/ > |SMR transverse spin Seebeck
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Longitudinal spin
% Seebeck and Peltier
effects, magnon Bose
condensation
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SMR vs. AMR (out of plane magnetization)

AMR =0

SMR =0

Onsager reciprocity in the spin Hall effect

spin Hall effect
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inverse spin Hall effect
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Spin Caloritronics VII, Utrecht,
The Netherlands, 11-15 July 2016
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Spin Caloritronics

Thermoelectrics
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Landauer-Bittiker formalism (Butcher, 1990)
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(Longitudinal) spin Seebeck effect

# spin-dependent Seebeck effect!

Spin torque and spin pumping
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Onsager reciprocals
(Brataas et al,, 2011)
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Spin currents cause magnetization Ma}gnetization mqtion causes
motion (spin transfer torque, spin currents (spin pumping,
Slonczewski, 1996). Tserkovnyak, 2002).

Collinear spin configuration
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Noise-induced spin currents

FM _l

© Kajiwara-et-at—
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Foros et al. (2005)
Xiao et al. (2009)

Spin Seebeck Onsager matrix
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Spin Peltier effect (Flipse et al., 2014)
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RE'IG Rare Earth Elements

E/ecz‘racerlm/cs: Materials,
5| 0y Er YIG Properties) Applications, by A.J.

Moulson &|J. M. Herbert (Wiley,
2003) .

Geprags et al. (2015)
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Rare Earth Iron Garnets — GdIG
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