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Superconductivity, Magnetism and Topology in hybrids 

superconducting-semiconducting devices 

 

Majorana Fermions, particles that constitute their own anti-particles, are of tremendous 

interest as they allow encoding and manipulating 

quantum information. They have been theoretically 

predicted to exist at the edges of hybrid 

superconductor-semiconductor devices, prediction 

that has been quickly followed by their experimental 

discovery[1]. Motivated by this recent discovery, the 

theme of this PhD thesis is the study of 

superconducting proximity effects in the magnetically 

doped semiconductor Mn:InAs and in the topological 

insulator Bi2Se3 through Scanning Tunneling 

Spectroscopy (STM) and through the fabrication of Josephson junctions 

(Supra-Normal-Supra) and Andreev junctions (Supra-Normal). 

 

One first objective is to study the signature of the Majorana Fermions in the Josephson current 

of junctions fabricated with thin films of Bi2Se3 of different thicknesses. One second objective 

is to study, through STM spectroscopy, the formation of the Shiba bound states around 

magnetic impurities (Mn) in the semiconductor InAs. A third objective is to fabricate Andreev 

junctions with the semiconductor InAs:Mn. 

 

Thin films of the semiconductor Mn:InAs and Bi2Se3 are grown by MBE. STM spectroscopy 

measurements will be carried out with an ultra-high vacuum and low temperature (1.4 K) 

STM recently installed in the laboratory. Josephson and Andreev junctions will be fabricated 

in a clean room and measured in a He3 or dilution fridge. 

 
1. V. Mourik, K. Zuo, S. M. Frolov, S. R. Plissard, E. P. a. M. Bakkers, and L. P. Kouwenhoven, Science 336, 1003 (2012). 

 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 

Condensed Matter Physics:  YES  Macroscopic Physics and complexity: NO 

Quantum Physics:  YES     Theoretical Physics: NO 

Majorana fermions are created at the 

edges of the semiconducting 

nanowire in proximity to a 

superconductor. 
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