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Scientific description:    
Two-dimensional (2D) materials are a wonderful playground for nowadays condensed matter 
physics and material science. A famous example of this class of materials is of course 
graphene, a single layer of carbon atoms having a honeycomb periodic structure. Interestingly, 
graphene has opened an unexplored and broad road to new 2D materials leading to a rich 
physics which intimately connects fundamental research and technological applications. 
 

Among these 2D materials, some are of special interest as they exhibit the Quantum Spin Hall 
effect (QSHE). This property comes from spin-polarised edge states that are topologically 
protected from backscattering by time-reversal symmetry. Thus, QSH materials hold the 
promise of revolutionary devices with dissipationless spin currents.  
 

However, most of the QSH insulators known so far present small band gaps,  requiring 
extremely low temperatures to reach the QSH regime. The main issue now is to find suitable 
QSH insulators with a large bulk gap (~1ev) which would allow working at room-temperature. 
Recently, a new candidate for room-temperature QSH effect was proposed, consisting of a 
hexagonal monolayer of lead atoms on silicon carbide (SiC) or crystalline SiO2 substrates . 
Remarkably large band gaps were predicted, ranging from 0.5eV-1eV for a simple monolayer 
to 1eV-1.3eV for decorated layers. These large band gaps originate from the large intrinsic 
spin-orbit coupling of Pb atoms. 
 

The objective of the proposed work is to study, with scanning tunnelling microscope, the 
atomic structure of 2D lead layers obtained by Pb atomic deposition on silicon carbide surfaces 
or silica layers. Depending on allocated beamtime in synchrotron radiation, the electronic 
structure of these layers will be also studied by Angle Resolved Photoemission Spectroscopy.   
 
Techniques/methods in use:     Scanning Tunneling microscopy / spectroscopy, core level and 
angle-resolved photoemission (if beamtime is allocated to this project) 
Applicant skills:    strong motivation for experimental physics 
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