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Interplay between semiconducting properties and magnetism

Broad variety of magnetic states
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How do we probe magnetism in atomically thin layers?
Can we control the magnetic state?
What new functionalities can emerge?



Vertical and in-plane transport

Vertical transport: In-plane transport:
Tunnel barrier configuration Field effect transistor configuration

 More complex fabrication

* Easier to make (especially 4 terminal)
e “Always work” * Only works for sufficiently large bandwidth
* less flexibility and no gate control (localization effects)

* More flexibility and gate control
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Magnetic phase diagram from tunnelling magnetoconductance

Crl,: Anisotropic layered
antiferromagnet
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MnPS;: Intralayer
antiferromagnet
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CrPS, : a relative large bandwidth 2D magnetic semiconductor
Ab-initio calculations:

CrPS, = Weakly anisotropic layered antiferromagnet Marco Gibertini
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Field-effect transistors on CrPS,
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CPS, FETs function properly at low-temperature and conductance affected by magnetism!
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Magnetoconductance & magnetic phase diagram
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Double-gated bilayer CrPS, transistors



Double Gated CrPS, Bilayers
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Switching on & off the physics of anomalous Hall effect antiferromagnets



Thickness identification: Optical contrast & Raman shift
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Double Gated CrPS, Bilayer Transistors: Electrical characterization (2 K)
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Magnetic state characterization
Magnetotransport at zero perpendicular electric field
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Increasing electron density
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Extracting interlayer exchange and magnetic anisoropy
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Magnetic anisotropy: small & changes sign at large n
Easy axis-to-easy plane transition



Finite displacement field: Two states possible
out-of-plane field
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Magnetoconductance at finite perpendicular electric field
Out-of-plane In-plane
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Magnetoconductance hysteresis: amplitude evolution
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Spin-flop in weak anisotropy antiferromagnetic multilayers
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Evan layer Even-odd effect in magnetoconductance hysteresis
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Behavior at large electron density

Increasing n
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All consistent: for n > 7-8 10** cm~ magnetization lies in the plane

Note: magnetic anisotropy K = 0 is a quantum phase transition



Conclusion on double gated bilayes :

 Perpendicular electric field breaks inversion symmetry and
creates spin-polarization in conduction band

* Enables gate-switchable antiferromagnetic spintronics

 low-electron density
gate-induced half-metallic conductors?

* High-electron density
control of magnetic state: from out-of-plane to in-plane anisotropy



A glimpse on monolayer CrPS, transistors



Conclusions
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