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Technology evolution

Semiconductor DRAM Discovery of GMR
1968 1988 Spin Transfer devices
1960 1970 1980 1990 2000 2010 2020......
' I ' Quantum technology
1975 MRAM, MTJ, 2008 (Magnon) spintronics
Discover TMR Non-volatile  Racetrack memory Cognitive computing
memory

Going beyond standard charge electronics

Magnetic insulators?
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Magnetic insulators
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Magnetic insulators
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Magnetic insulators
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Magnetic insulators

Copper oxy-selenite
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b4

? Can we detect magnetic twists electrically?

Part | — Spin-Hall magnetoresistance

Part Il — Results in Pt/Cu,0Se0O; & Pt/CoCr,0,
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Spin-Hall magnetoresistance (SMR)

Accidental detection (explained by AMR): M. Weiler et al., Phys. Rev. L. 108, 106602 (2012)
Theory: Y.-T. Chen, et al., Phys. Rev. B 87, 144411 (2013)

Detection: H. Nakayama et al., Phys. Rev. Lett. 110, 206601 (2013)
N. Vlietstra et al., . Phys. Rev. B 87, 184421 (2013)
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Spin-Hall magnetoresistance (SMR)

RMR o (1 —m2)
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Y.-T. Chen, et al., Phys. Rev. B 87, 144411 (2013) 8/21



Spin-Hall magnetoresistance (SMR)

RiMR o« (1 —m2 ) = A cos?(«)
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SMR In non-collinear magnets
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SMR In non-collinear magnets
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Ageel, et al., Phys. Rev. B, 94, 134418 (2016); Ageel, et al., J. Phys. D Appl. Phys. 50, 174006 (2017) 11/21



SMR In non-collinear magnets

RMF o« <mym, >= Asin(2(a — $)) o M
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SMR In non-collinear magnets
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T dependence of SMR

RMF o« <mm, >= Asin(2(x — $))
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T dependence of SMR

RMF o« <mm, >= Asin(2(x — $))
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T dependence of SMR

RMF o« <mym, >= Asin(2(a — $))
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3’? Can there be a second term?

RMF o« <mm, >= Asin(2(x — $))
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SMR theory

RMF o« <mm, >= Asin(2(x — $))
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Ageel, et al., Phys. Rev. B, 103, L100410. (2021)
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SMR in Pt/CoCr,0,
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SMR In Pt/CoCr,0,
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SMR In Pt/CoCr,0,
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«? Is second term chiral/orientation dependent?
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Kipp, Lux, Mokrousov, Phys. Rev. R 3, 043155 (2021)

21/21



Summary
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