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Introduction to Magnetic 2D Materials
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Making Graphene Magnetic

Doping of magnetic impurity
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Making graphene magnetic

Doping of magnetic impurity
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Making graphene magnetic

Doping of magnetic impurity | _|@| oure spin |_Q_
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Introduction to Magnetic 2D Materials

Doping of magnetic impurity Magnetic proximity effect
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Ferromagnetic 2D materials
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[ Layered structure }
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Ferromagnetic 2D materials

Bulk Cr,Ge,Te, Flux method
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Ferromagnetic 2D materials

Ferromagnetic Semiconducting
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Ferromagnetic 2D flakes

2D flakes: Mechanical exfoliation

~4 nm

25.0 nm

Height (nm)
o))
—

w
T T
1

-25.0 nm

o
T T
1

0 2 4 6

Length (um)
W. Xing, Y. Chen, P. Odenthal, X. Zhang, W. Yuan, T. Su, Q. Song, T. Wang, S.
Jia, X. C. Xie, Y. Li, and W. Han*, 2D Materials, 4, 024009 (2017)

12



Ferromagnetic 2D materials
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Introduction to Magnetic 2D Materials
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This Talk: Spin Transport in 2D Magnets !
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Magnon for information computing

Magnons in FM-ordered materials

Magnon Spintronics
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MnPS; properties

Crystal and spin structures
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- Device fabrication
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Magnon transport in 2D MnPS; !

Control device fabricated on SiO,/Si substrates
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The absence of spin signal on the control device rules out the possibility of

signals from the SiO,/Si substrate.
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The Criteria (exponential vs. 1/d?): Shan, et al., PRB (2017)
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Absence of magnon signals in thin MnPS,
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Magnon transport in 2D MnPS;

Magnon relaxation length in 2D MnPS,
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This Talk: Spin Transport in 2D Magnets !
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Electron spin scattering in metallic FeTaS, flakes

[

Anomalous Hall effect Mechanisms in FM

a) Intrinsic deflection

Interband coherence induced by an E
external electric field gives rise to a . >
velocity contribution perpendicular to

the field direction. These currents do

not sum to zero in ferromagnets.

—>

,g'{:;-"; oF Electrons have an anomalous velocity perpendicular to
L= - | the electric field related to their Berry’s phase curvature
dt hok

b) Side jump

The electron velocity is deflected in opposite directions by the opposite
electric fields experienced upon approaching and leaving an impurity.
The time-integrated velocity deflection is the side jump.

c) Skew scattering

Asymmetric scattering due to
the effective spin-orbit coupling
of the electron or the impurity.

30 Nagaosa, et.al., Rev. Mod. Phys. (2010)



Electron spin Transport in Metallic FeTaS, Flakes
Layered FeTaS,
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Anomalous Hall resistance in 2D Fe,,,TaS,
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Device fabrication and AHE measurement
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Anomalous Hall resistance in 2D Fe,,,TaS,
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Device fabrication and AHE measurement
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Anomalous Hall resistance in 2D Fe,,,TaS,
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Thickness dependence of B, of Fe,,,TaS,
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Anomalous Hall mechanism in FM
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Scaling relationship
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Anomalous Hall mechanism in 2D Fe,,,TaS,
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Scaling relationship Oug = Oanp/M = ago.y + Bo*
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Thickness dependent AHE Mechanisms
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AHE Mechanisms vs. Channel conductivity
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Anomalous Hall mechanism in 2D Fe,,TaS,

[

AHE Mechanisms vs. Channel conductivity
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Summary: Spin Transport in 2D Magnets !
&agnon spin transport m\ G]ectron spin scatteringh

Insulating MnPS; Flakes Metallic FeTaS, Flakes
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Outlook: Spin Transport in 2D Magnets




Acknowledgement

[

Collaborators

Shuang Jia Qing-Feng Sun lgor Zutic

Students

{H,h\ &% Y L%
Wenyu Xing Ranran Cai

Funding NSF-China
National Basic R&D




Acknowledgement-audience

[

Thanks for your attention!

Email: weihan@pku.edu.cn

Group: http://www?2.phy.pku.edu.cn/~LabSpin/home.html




