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Spin-orbit torque Magnetic Memory 

Miron et al., Nature 476, 189 (2011)
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SOT-MRAM 300mm integration for low power and 
ultrafast embedded memories

2018  VLSI Technology and Circuits, @ imec,

Need Larger current induced spin 

polarization for efficient SOT

Can replace spin transfer torque (STT) !!

Spin-orbit torque (SOT)

Nature Electronics 3 (8), 446-459 (2020)
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2DSOTECH

• Novel spin-orbit materials

• 2D Magnets

• Van der Waals heterostructures

• Interface Engineering



Rashba EdelsteinSpin Hall effect

Rev. Mod. Phys. 87, 1213 (2015)

Charge-Spin conversion

Spin-momentum locking

• Topological materials
• Large Berry curvature

PRB 97, 085417 (2018)
PRL 117, 146403 (2016)

Predicted large and novel charge-spin conversion effects

http://newscenter.lbl.gov/wp-content/uploads/sites/2/2012/05/TI-band-structure.jpg


• Charge-spin conversion (CSC) 

Spin Hall effect

Edelstein effect 

Both conventional and unconventional CSC

• Type-II Weyl semimetal candidate WTe2

• Spin-polarized Fermi states (Bulk & Surface)

• Large spin orbit coupling 

• Broken inversion symmetry

Type-II Weyl 
band structure

Spin texture
Crystal structure of Td WTe2

Low symmetry semimetal WTe2

B. Zhao et al., SD, Advanced Materials, 32, 2000818 (2020)
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Charge-Spin conversion in WTe2

Ri =20 Ω 

s

Jc

Conventional CSC

Js

Zhao et al., SD, Physical Review Research 2 (1), 013286 (2020)

Applied Physics Letters 117 (24), 242401 (2020)



B. Zhao et al., SD, Advanced Materials, 32, 2000818 (2020) Spin polarization of WTe2 ~ 10 %

300 K

Ri > 1 kΩ

Unconventional Charge-Spin conversion in WTe2



Generating an out-of-plane 
antidamping torque when current is 

applied along a low-symmetry axis of 
WTe2/Permalloy bilayers.

Spin–Orbit Torque and Switching in in WTe2/ferromagnet

Nature Physics 13.3, 300 (2017) Nature Nano 14, 945 (2019).

Spin-Orbit Torque

Spin-orbit-torque-driven magnetization switching 
measurements



Review
Nature 563, 47–52 (2018)

2D magnet

Atomically thin
Tunable properties

Perpendicular magnetic anisotropy



2D magnet

Review
Science 363, 6428, eaav4450 (2019).

Cr2Ge2Te6
Insulating: Proximity

CrI3
Semiconducting

Fe3GeTe2

Metallic: electrodes



Fe5GeTe2

✓ Room temperature magnetic order
✓ High magnetization saturation

Science Advances 6.3 (2020) Physical Review B 102.6 (2020)

Room temperature van der Waals Magnet

Nature Reviews Physics 4, 150 (2022)

H.Kurebayashi, J. H. Garcia, S. Khan, J. Sinova & Stephan Roche 



Room Temperature spin-valve with Fe5GeTe2

• Soft and Canted magnetization of Fe5GeTe at room temperature
• Tunnel spin polarization of Fe5GeTe up to ~ 45 %

FGT Gr

∆µ

B Zhao, et al., SP Dash, arXiv:2107.00310
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van der Waals Magnet based Spin-Valve Devices at Room Temperature
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2DSOTECH Objectives


