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Outline

SMR = Spin Hall MagnetoResistance
… a spin current-based magnetoresistance  

@ magnetic insulator / metal interfaces

SMR in non-collinear magnets



Spin Hall MR in magnetic insulator / metal bilayers
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YIG: Y3Fe5O12ferrimagnet
magnetically ordered
but electrically insulating
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Spin Hall MR in magnetic insulator / metal bilayers
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Nakayama et al., PRL 110, 206601 (2013)

Spin Hall MR (SMR):   R smallest for M||s , larger otherwise



SMR fingerprint
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Spin Hall MR (SMR): R smallest for M||s (viz. H||t) , larger otherwise
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@ magnetic insulator / metal interfaces
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Magnetic garnets

G. F. Dionne, Magnetic Oxides (Springer, New York, 2009).

YIG is a ferrimagnet :
… and an electrical insulator with a gap of ~3eV 

YIG = Y3Fe5O12is the prototype magnetic garnet

c site: dodecahedrally coordinated (Y3+)
a site: octahedrally coordinated (Fe)
d site: tetrahedrally coordinated (Fe)

: =ratio Fe(d):Fe(a) = 3:2 = net
moment



SMR in magnetic garnets

c site: dodecahedrally coordinated (Y3+)
a site: octahedrally coordinated (Fe)
d site: tetrahedrally coordinated (Fe)

G. F. Dionne, Magnetic Oxides (Springer, New York, 2009).

: =YIG is a ferrimagnet :
… and an electrical insulator with a gap of ~3eV 

ratio Fe(d):Fe(a) = 3:2

YIG = Y3Fe5O12is the prototype magnetic garnet
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SMR in magnetic garnets
YIG = Y3Fe5O12is the prototype magnetic garnet
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SMR in magnetic garnets
YIG = Y3Fe5O12is the prototype magnetic garnet
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SMR in magnetic garnets
YIG = Y3Fe5O12is the prototype magnetic garnet
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SMR in non-collinear magnets
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“90° phase shift / SMR sign inversion”



Magnetic Garnets
YIG = Y3Fe5O12is the prototype magnetic garnet
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Magnetic Garnets

ReIG = Re3Fe5O12with canted phase

Re = Gd, Er, Dy, …

YIG = Y3Fe5O12is the prototype magnetic garnet
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(In,Y)-doped GdIG/Pt
SMR in compensated garnet/Pt hybrids

YIG/Pt

 



SMR in compensated garnet/Pt hybrids
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SMR in compensated garnet/Pt hybrids

YIG/Pt

(In,Y)GdIG/Pt
Tcomp

YIG/Pt InYGdIG/Pt



SMR in compensated garnet/Pt hybrids

YIG/Pt

(In,Y)GdIG/Pt GdIG/Pt
Tcomp Tcomp

YIG/Pt InYGdIG/Pt



SMR in compensated garnet/Pt hybrids

@7T

w/ B. A. Piot, Laboratoire National des Champs Magnetiques Intenses, Grenoble



SMR in compensated garnet/Pt hybrids
2 sublattice mean field model :

ferriif

canted sf

w/ B. A. Piot, Laboratoire National des Champs Magnetiques Intenses, Grenoble



SMR in compensated garnet/Pt hybrids

w/ B. A. Piot, Laboratoire National des Champs Magnetiques Intenses, Grenoble



atomistic spin simulations for Gd3Fe5O12 by Joe Barker, Tohoku U, Sendai

FeA
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SMR in compensated garnet/Pt hybrids
SMR of Fe SL in GdIG calculated via 
atomistic spin simulations:

experiment
(In,Y)GdIG

 SMR is sensitive to the local moment configuration

Ganzhorn et al., PRB 94, 094401 (2016).



Magnetic Garnets

ReIG = Re3Fe5O12with canted phase

Re = Gd, Er, Dy, …

YIG = Y3Fe5O12is the prototype magnetic garnet
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SMR in Cu2OSeO3 / Pt heterostructures
Aqeel et al., arXiv 1607:056301



Outline

SMR = Spin Hall MagnetoResistance
… a spin current-based magnetoresistance  

@ magnetic insulator / metal interfaces

SMR in non-collinear magnets
… governed by sublattice moment orientations

(NOT the net magnetization) 
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