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What are Van Der Waals (vdW) magnets and 
where it can be appllied? 



  

Van Der Waals (vdW) Magnet
Most of the magnetic vdW 
materials are layered, 
cleavable transition-metal 
chalcogenides and halides, 
and typically have a layer of 
metal ions sandwiched 
between layers of chalcogens 
or halides. 



  

Physics investigated in vdW



  

Application of vdW



  

Application of vdW in spintronics



  

Two important vdW magnets

 Cr-X3 (X=I, Br, Cl) Fe3GeTe2 



  

In both Fe3GeTe2 and Cr-X3 following properties 
are observed:

1) Strong e-e correlation
2) Non-collinear spin structures on the surface



  

Candidate materials CrI3 have strong 
correlation



  

Candidate materials Fe3GeTe2 have strong 
correlation



  

Spin structures in Fe3GeTe2



  

Magnetic skyrmions in Fe5GeTe2



  



  



  



  

Spin structures in Cr-X3



  



  



  



  



  



  



  

Zoo of spin structures in vdW 
magnets



  

Strong evidence of two general 
properties of vdW materials

Strong Correlation 

Non collinear spin structures



  

The Hamiltonian



  

At large U limit Hamiltonian is simple



  

The partition function



  

The Action



  



  



  



  



  



  

Hopping from 
site A to A

Hopping from 
site B to A

Hopping from 
site A to B



  



  



  

Lattice vectors

The chern number at this value is:



  

The chern number at this value is:

The chern number depends on the atomic spin S and on the spin wave vector q 

Hall conductivity is : change in c1 results change in direction of spin currents.



  

Another spin structure



  

The chern number for this spin structure:

Another spin structure



  

Main physical conclusion
● For strongly correlated materials the spin 

structures have localized character.
● No matter how complex is the spin structure the 

topological properties (Chern number) depends 
on the change in spin in neighbouring sites.

● General expression for Chern number is:



  

Conclusions
● In vdW magnets Chern number depends on the  

atomic spin and spin wave vectors.
● Strong correlation gives rise to the localization of 

the spin properties, i.e.  no matter how complex 
is the spin texture, the topological properties 
depends only on a single factor: the change in 
azimuthal angle between neighboring spins. 
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