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Semiconductor surfaces are haunted by large number of nonsaturated bonds that leads to 

considerable energy expense. The optimization of their energy leads to strong reconstruction 

processes showing the important role of electron degrees of freedom. Examples of such 

structures are presented and discussed. Energy optimization leads to severe consequences in 

adsorption of the atoms and molecules. Optimization processes does not change surface 

structure only, their occupation is also important. These processes sometimes induce drastic 

changes in the surface energy stabilizing specific structures, which was initially recognized as 

electron counting rule (ECR). It is shown that standard interpretation of ECR is 

oversimplification, nevertheless it is useful as standard ECR provides important guidance for 

selection of the most stable surface structures. It is proved that ECR states are characterized by 

the Fermi level free, i.e. not pinned by the surface states. That leads to direct relation between 

Fermi level in the bulk and the surface incorporation of the impurities as is investigated in the 

ab initio modelling of defect incorporation during growth. It is shown how full treatment of 

adsorption at semiconductor surface by incorporation of the entropy and other thermal effects 

changes the resulting surface diagrams. These data are expressed as the chemical potentials of 

the attached species that is translated into equilibrium partial pressures in the vapor. Full 

incorporation of these effect are facilitated be machine learning application for the ab initio 

data. These effects usually leads to drastically different growth conditions which affects surface 

diffusion and thermodynamic conditions at the steps. 
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