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SMR = Spin Hall MagnetoResistance
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Spin Hall MR in magnetic insulator / metal bilayers

Pt

YIG M

YIG: Y;Fes;0,,
ferrimagnet
magnetically ordered
but electrically insulating




Spin Hall MR in magnetic insulator / metal bilayers

| Spin Hall effect (SHE):
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Spin Hall MR in magnetic insulator / metal bilayers

Spin Hall effect (SHE):

h
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—_ S electron spin accumulation in Pt with spin S

l‘Js,YIG
YIG M

if TgtT X M X (M X S) is finite

= outflow of J, into YIG

enhanced dissipation in Pt
= larger Pt resistance



Spin Hall MR in magnetic insulator / metal bilayers
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ifTSTTOCMX(MXS) is finite TSTTOCMX(MXS)=O
= outflow of J into YIG = open boundary conditions for J,

enhanced dissipation in Pt reduced dissipation
= larger Pt resistance — smaller Pt resistance




Spin Hall MR in magnetic insulator / metal bilayers
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Spin Hall MR (SMR): R smallest for M||s , larger otherwise

R =Ry —R,;(m-s)?
= Ry — Ry cos?(a)

Nakayama et al., PRL 110, 206601 (2013)




SMR fingerprint

Spin Hall MR (SMR): R smallest for M||s (viz. H||t) , larger otherwise
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Althammer et al., PRB 87, 224401 (2013).



Outline

SMR = Spin Hall MagnetoResistance
... a spin current-based magnetoresistance
@ magnetic insulator / metal interfaces

Nakayama et al., PRL 110, 206601 (2013).
Chen et al., PRB 87, 144411 (2013).

Hahn et al., PRB 87, 174417 (2013).
Vlietstra et al., PRB 87, 184421 (2013).
Althammer et al., PRB 87, 224401 (2013).

review: Chen et al., J. Phys.: Condens. Matter 28, 103004 (2016).
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SMR in non-collinear magnets
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Magnetic garnets

YIG = Y,Fe.0,,

is the prototype magnetic garnet

c site: dodecahedrally coordinated (Y3*)
a site: octahedrally coordinated (Fe)

d site: tetrahedrally coordinated (Fe) A
% — T; l — net
A * moment

YIG is a ferrimagnet :  ratio Fe(d):Fe(a) =3:2 =
... and an electrical insulator with a gap of ~3eV

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



SMR in magnetic garnets
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YIG is a ferrimagnet :  ratio Fe(d):Fe(a) = 3:2 =
moment

... and an electrical insulator with a gap of ~3eV

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



SMR in magnetic garnets

YIG = Y,Fe.0,,

is the prototype magnetic garnet

@
e

L
>>>
<<

1,

R = Ry + Ry cos?(a)

R (arb. units)
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SMR in magnetic garnets

YIG = Y,Fe.0,,

is the prototype magnetic garnet
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SMR in magnetic garnets

YIG = Y,Fe.0,,

is the prototype magnetic garnet
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SMR in non-collinear magnets

What about this:
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R (arb. units)

R = Ry + R cos?(a + 90°)
= R, — R, cos?(a)

“90° phase shift / SMR sign inversion”
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Magnetic Garnets

YIG = Y,Fe.0,,

is the prototype magnetlc garnet
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Magnetic Garnets

YIG =Y, Fe0,,
‘
RelG = Re;Fe;0,,

is the prototype magnetic garnet
with canted phase
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SMR in compensated garnet/Pt hybrids

YIG/Pt

Plong = Po — P1 lnt2
= po + Ap cos?a

-90° 0° 90° 180° 270 :
a



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

2 sublattice mean field model :
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SMR in compensated gamet/Pthybrids
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atomistic spin simulations for Gd;Fe;O,, by Joe Barker, Tohoku U, Sendai
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Magnetic field (T)

atomistic spin simulations for Gd;Fe;O,, by Joe Barker, Tohoku U, Sendai
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= SMR is sensitive to the local moment configuration

SMR of Fe SL in GdIG calculated via
atomistic spin simulations:
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Ganzhorn et al., PRB 94, 094401 (2016).



Magnetic Garnets

YIG =Y, Fe0,,
‘
RelG = Re;Fe;0,,

is the prototype magnetic garnet
with canted phase
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SMR in Cu,0S5e0Q,/ Pt heterostructures
Aqgeel et al., arXiv 1607:056301
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