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"The SASPRO2 Programme represents an 
excellent opportunity for pursuing 
independent research topics, 
simultaneously developing new expertise 
in correlated electronic structure methods 
and largest-scale distributed computing. 
Additional benefits lie in soft skills 
acquired, including project management 
and proposal writing. I plan to continue 
the applications for external research 
funding in Bratislava, work hard on 
building my professional research 
network, and further increase my visibility 
and recognition in the field of spintronics. 
The SASPRO2 project will considerably 
enhance my chances for a permanent 
position and the possibility to form my 
research group in Europe or overseas."
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Marko Milivojević received his Ph.D. degree in physics from the University of Belgrade, Serbia, 
in 2019. His research focuses on the various effects of spin-orbit coupling in semiconductor 
physics, including quantum dots, nanotubes, and novel two-dimensional materials and their 
heterostructures. The potential application of these research topics is in the field of quantum 
computing and spintronics, where spin is used as a carrier of information.

PROJECT SUMMARY

Manipulation of spin properties in 2D materials

Recently, layered two-dimensional (2D) semiconducting materials have attracted a lot of 
attention due to their extraordinary electronic properties, representing the currently most 
active field of materials science research. We propose to focus on the computer design of 
spintronics properties of 2D materials via van der Waals proximity effects (vdW-PE) and 
application of strain. vdW-PE in 2D have already demonstrated the ability to modify/induce 
electronic, optical, magnetic, and spin properties. For example, a ferromagnet in proximity to 
nonmagnetic graphene can make graphene magnetic or a strong spin-orbit (SO) coupling 
material, such as WSe2, can induce giant SO coupling into another 2D material, without 
destroying its essential electronic properties.
Besides the vdW-PE, the application of strain can also lead to modification of the electronic 
and SO properties of the material. It has been shown that in carbon nanotubes strain can 
significantly alter SO effects in electrons and holes, motivating by analogy the search for 2D 
materials that can be modulated by strain. For example, a sizable direct semiconducting gap 
and high carrier mobility make phosphorene very promising for replacing gapless graphene in 
future electronics. However, weak SO coupling does not make it useful for spintronics 
applications.
Using sophisticated simulation techniques, we propose to study strain and vdW-PE effects in 
different 2D materials with the quest to enhance their spin-dependent properties. The project 
builds on strong applicant/host expertise complementarity and strong national and 
international collaborations. While computational, the project has strong links to 
experiments via international collaborations. In the short term, the project is expected to 
generate cutting-edge publications which in longer-term will be useful for integrating the 
designed 2D materials into spintronics circuits with novel transport, spin relaxation, and spin 
manipulation effects.
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