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Scientific description:    
2D-materials are under active scrutiny as promising candidates for both fundamental science and 
electronic and photonic applications. A significant interest is devoted to silicene or germanene layers 
due to their exotic properties and easy integration in devices. Among other techniques, the production 
by molecular beam epitaxy of these 2D-layers is under extensive investigation in order to improve their 
quality. The need for a control of the growth procedure is clear and requires understanding of the growth 
mechanisms. Extensive experiments have been performed in the hosting group on the growth of Si on 
Ag (111), revealing especially the importance of alloying effects. However, the precise scenario leading 
to morphologies such as those shown in Fig. 1 remains unknown. 

 
 
 
The best numerical tool to answer these questions is kinetic Monte-Carlo simulations (KMC). Thanks 
to a number of approximations, this tool can efficiently simulate the dynamics of realistic atomistic 
models, on large-scale systems and on experimental growth time-scale. It involves a Monte-Carlo test 
on the energy barrier associated with an atomistic move under the assumption of a lattice dynamics. 
These models can be implemented to account for the most relevant microscopic effects ruling crystal 
growth (covalent binding, wetting effects, alloying, elasticity, etc).  
 

The goal of this M2 internship will be to develop a rejection-free KMC code that describes alloying 
effects relevant in the epitaxy of Si on Ag (111). First, we will develop a code that describes the specific 
geometry of these layers. Next, we will consider events that are useful for the description of the most 
probable atomic exchange events. The simulations will be fed with microscopic parameters obtained via 
experimental investigations. Then, we will perform a systematic analysis of the resulting growth 
dynamics of the model, in order to compare with experimental investigations done in the hosting group.  
 

Techniques/methods in use:     Monte-Carlo simulations  
Applicant skills:    C-C++ programming ; knowledge in statistical physics and condensed 
matter  
Industrial partnership: N  (specify the company) 
Internship supervisor(s) : Aqua Jean-Noël, aqua@insp.jussieu.fr, +33144275797 ; 
http://www.insp.jussieu.fr/-Aqua-Jean-Noel-.html 
Prevot Geoffroy, prevot@insp.jussieu.fr, http://www.insp.jussieu.fr/-Prevot-Geoffroy- 
Internship location:  INSP, 4 place Jussieu 
 
Possibility for a Doctoral thesis: Y       
 

Figure 1 (left) Growth of denditric silicene on Ag(111) ; (right) KMC 
simulations of denditric growth on a honeycomb lattice 


