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Spin Hall Magnetoresistance

Magnetization of the Ml layer modulates the resistivity of the NM layer
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Spin Hall Magnetoresistance — example of a-Fe,0,
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Spin Hall Magnetoresistance — example of a-Fe,0, r pm
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Spin Hall Magnetoresistance in collinear magnets
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Order tp; (nm) Interface Temperature (K) SMR (10~%) Ref
YIG/Pt FI 2.5 in situ 300 16 PRB 87, 224401 (2013)
YIG/Pt FI 6 ex situ 300 3.48 APL 110, 012403 (2017)
CoGes0, /Pt FI 2 in situ 300 6 APL 105, 142402 (2014)
GdIG /Pt FI 5.5 ex situ 295 2.3 J. Phys.: Cond. Matt. 30, 035802 (2018)
NiO/Pt AF 3.5 in situ 300 8 PRB 97, 014417 (2018)
NiO/Pt AF 5 ex situ 300 2.7 APL 111, 052409 (2017)
SrMnOs3 /Pt AF 7 - 300 3 PRB 90, 144431 (2014)
BiFeOg3 /Pt AF 5 ex situ 300 0.8 Chin. Phys. Lett. 40, 117402 (2023)
a-Fe, O3 /Pt AM 3 in situ 300 25 PRA 13, 014019 (2020)
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Spin Hall Magnetoresistance in collinear magnets

Order tp; (nm) Interface Temperature (K) SMR (10~%) Ref

YIG/Pt FI 2.5 in situ 300 16 PRB 87, 224401 (2013)

YIG/Pt FI 6 ex situ 300 3.48 APL 110, 012403 (2017)

CoGes0, /Pt FI 2 in situ 300 6 APL 105, 142402 (2014)

GdIG /Pt FI 5.5 exr situ 295 2.3 J. Phys.: Cond. Matt. 30, 035802 (2018)

NiO/Pt AF 3.5 in situ 300 8 PRB 97, 014417 (2018)

NiO/Pt AF 5 exr situ 300 2.7 APL 111, 052409 (2017)

SrMnO3 /Pt AF 7 i 300 3 PRB 90, 144431 (2014)

BiFeOg3 /Pt AF 5 ex situ 300 0.8 Chin. Phys. Lett. 40, 117402 (2023)
Altermagnet a-Fe, O3 /Pt AM 3 in situ 300 25 PRA 13, 014019 (2020)

N Institute of Physics . s .
( © F Z of the Czech #** | Co-funded Division of.Solld
s Academy of Sciences L by the European Union 4 State Phys|cs

Young Research Leaders Group workshop | leiviska@fzu.cz




Spin Hall Magnetoresistance in collinear magnets
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Spin Hall Magnetoresistance in collinear magnets
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Bulk Ba,CoGe,0, as an altermagnetic candidate material

High-quality single crystals, (001) orientation
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Bulk Ba,CoGe,0, as an altermagnetic candidate material
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Bulk Ba,CoGe,0, as an altermagnetic candidate material
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SMR in Ba,CoGe,0,
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SMR in Ba,CoGe, 0,
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SMR in Ba,CoGe,0,
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SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction

[110]

N

pxx/.oxx 0~ 1
=
:;‘:\.
\}
gt
Ry
}
.-”f

0 90 180 270 360

[110]

M. Leiviska et al, Phys. Rev. Materials 9, 084403 (2025)

N Institute of Physics
o of the Czech
J Academy of Sciences

Co-funded
by the European Union

Young Research Leaders Group workshop | leiviska@fzu.cz

7

53

Division of Solid
State Physics



SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction

The SMR ratio is anisotropic with

the current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction

The SMR ratio is anisotropic with
the current direction
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SMR in Ba,CoGe,0- - anisotropy with current direction

Intrinsic anisotropy of the spin

current channels?
Spin mixing conductance?
Magnon dispersion?
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SMR in Ba,CoGe,0- - anisotropy with current direction

Intrinsic anisotropy of the spin

current channels?
Spin mixing conductance?
Magnon dispersion?
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SMR in Ba,CoGe,0- - anisotropy with current direction

Looking for more clues:
i. Theory
ii. Frequency-dependence
iii. Universality?

Intrinsic anisotropy of the spin

current channels?
Spin mixing conductance?
Magnon dispersion?
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Large, anisotropic SMR present also in the sister compound Sr,CoSi,0,
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SMR in Ba,CoGe, 0, - anisotropy with current direction

Intrinsic anisotropy of the spin

current channels?
Spin mixing conductance?
Magnon dispersion?
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Looking for more clues:
i. Theory
ii. Frequency-dependence
iii. Universality?
iv. Polarization?
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Conclusions

We observe sizable spin Hall magnetoresistance in

multiferroic altermagnet/Pt heterostructures
— Another example of large SMR in an altermagnet
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The SMR amplitude is anisotropic with the crystal direction of the current
> Attributed to intrinsic anisotropy of the spin current channels across the interface
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— More theory, more materials, frequency dependence ...
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Increasing magnetic field strength + increasing current density
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Bonus: Sister compound Sr,CoSi, 0 o
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Band structure calculations on BCGO

Non-relativistic
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