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Van der Waals (vdW) Magnet

2D Magnet playground
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Room temperature vdW Magnet

✓ High Curie Temperature 

✓ Higher saturation M

✓ Metallic—electrical control

Nature Reviews Physics (2022): 1-17. Physical Review Materials 4 (2020): 074008

Physical Review Materials 6 (2022): 044403

Co-doped Fe5GeTe2
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✓  High tunable magnetic properties 
(MA, Tc, FM/AFM…)



vdW magnet-based devices
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❑  Probing vdW magnetic states

✓ vdW magnets for spin source

✓ Detecting spin textures

❑  vdW magnets for SOT Memory application

✓    Field-free SOT magnetization switching  

✓    All-vdW heterostructures field-free SOT
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Probing vdW magnetic states

BZ et al. Advanced Materials 35 (2023): 2209113 5
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FGT  Detection

Fe5GeTe2/Graphene spin-valve at Room Temperature

✓ Robust spin valve operation in FGT/graphene 
heterostructure

✓ Spin-valve signals show the in-plane spin polarization Sy

✓ Spin polarization of up to -45 % could be detected at RT

BZ et al. Advanced Materials 35 (2023): 2209113
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Spin precession in Fe5GeTe2/Graphene heterostructure

Hanle precession measurements with Bx and Bz field sweep

Detection of Sx, Sy,  and Sz  spin components indicates canted magnetism of FGT
BZ et al. Advanced Materials 35 (2023): 2209113. 7



✓ Inducing spin texture nucleation 

sites through constrictions or 

notches in Fe5GeTe2

✓ Spin texture imprinted in graphene 

and be detected

✓ Additional switching (stage II and 

stage IV) – intermediate resistance 

state due to reorientation of the spin 

textures 

✓ Anomalous multi-level spin valve 

switching – coexistence of spin 

textures and canted magnetic 

domain 
BZ et al. (2025) in preparation

Electrical detection of spin texture in Constrained/Notched 

Fe5GeTe2
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(Co0.15Fe0.85)5GeTe2 /Graphene spin-valve
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In-plane spin polarization 

RN,BZ,et al, ACS Nano 2024, 18, 7, 5240–5248
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Theory @ Uppsala Uni.
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BZ et al. arXiv.2308.13408 (2023); Advanced Materials-- In press (2025)

(Co0.5Fe0.5)5GeTe2 
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Coexistence of non-trivial van der Waals magnetic orders 

enabled field-free spin-orbit torque switching
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Coexistence of FM and AFM magnetic states
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Coexistence of FM and AFM magnetic states beyond RT

(Co0.5Fe0.5)5GeTe2

Canted Magnetism

∆ Hc

M
M0

z

Hc0



HEB ~ HEB0/cos(Φ-∆Φ)

Hc0 = Hccos(Φ-∆Φ)；



HR-TEM of (Co0.5Fe0.5)5GeTe2 
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Lunjie Zeng

Eva Olsson

TEM @ Chalmers

arXiv.2308.13408 (2023); Advanced Materials -- In press (2025)



CFGT is mainly in AFM state, but some FM state exists due to vacancies symmetry

(Co0.5Fe0.5)5GeTe2
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Theory @ Prof Biplab group 
Uppsala Uni.

arXiv.2308.13408 (2023); Advanced Materials -- In press (2025)
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Spin orbit torque (SOT) and interaction with M

τDL

Field-like torque τFL

τFL

τDL

-M

Magnetic
Hard axis

ss

y
z

M

FM

HM

PMA

Hx is needed
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Hx is NOT necessary 

for a CMA!

arXiv.2308.13408 (2023); Advanced Materials -- In press (2025)
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Field-free deterministic spin-orbit torque switching at RT

arXiv.2308.13408 (2023); Advanced Materials -- In press (2025)
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Harmonics measurements to extract Spin-orbit torques 
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All-vdW heterostructure Spin-Orbit Torque 

Field-free Deterministic spin-orbit torque switching at room temperature

LP, BZ, et al. arXiv:2408.13095 (2024), Submitted. 18
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Advanced Materials 35 (2023): 2209113.

ACS nano 19 (2025):13817-13824

Summary
Fe5GeTe2/Gr

(Co0.15Fe0.85)5GeTe2/Gr

 

(Co0.5Fe0.5)5GeTe2/Gr

Spin valve

Advanced Materials xx (2025): 2502822 arXiv:2408.13095 (2025) (submitted)
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Electrical detection of spin texture in

 Constrained/Notched Fe5GeTe2

B. Zhao, et al. (2025) in preparation
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Thank you !
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