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1. Introduction
In order to reach the maximum device miniaturization, and to use the phenomena that appear at low-scale corresponding to the interactions of a few atoms, the study of nanomaterials developed extensively in the last years. 


The main problems of a nanomaterial is its structure, i.e. the disposal of atoms in small nanometric clusters that are free or interact with other clusters in a bulk solid or in a thin film.


In this paper are reported the recent results of modeling of the nano-silicon at the atomic scale.
2. Method

One of the most efficient modelling approach is based on the valence force field theory. The modeling in the frame of valence force field is appropriate for the atoms linked by covalent bonds, but can be extended to other types of interactions in various compounds and alloys. Of special interest is the modelling of the non-crystalline disordered structures.

There are three computer simulation methods, which can be used in the atomic scale modeling: molecular dynamics [1], Monte-Carlo Metropolis [2] and the simply Monte Carlo (or static) procedure. 

In our procedure we used the Monte-Carlo-Metropolis method. Firstly we constructed a given cluster of atoms. The coordinates of the atoms were measured roughly on the model and the interaction table was built.  The data arrays were used for the energy relaxation in a computer.  The relaxation allows for getting the structure of minimum free energy of an atomic cluster. The free energy (bond distortion energy) of a cluster is calculated with two interaction potentials. Keating [3] and Martin [4, 5] have demonstrated that one of the best approximation for the covalent bond energy is given by a bond stretching component and a bond-bending one. The bond stretching potential has the following expression: 

                                          V1 = A(r2-ro2)2                                                                               (1)
where A is an interaction constant  with the value, e.g. A = 2.4 ( 10-5 dyn/Å3 for the case of germanium atoms and the bond bending potential is:

                                           V2 = B(α – αo)2                                                                       (2)
with B having the value, e.g. 2.04 ( 10-4 dynÅ/rad for germanium.


We must remark that many recent papers discuss the problem of the accuracy of different types of potentials for different types of atom pairs [6, 7]. Nevertheless, whichever the approximation will be, the basical structural characteristics of a model with well determined topology are maintained. 
The relaxation of every model was made in computer. Firstly the computer calculates the total free energy of the model. Then, an iteration procedure is activated. An atom is picked up at random and is moved with a small random distance in a random direction. The movement is retained only if the total free energy decreases. The procedure is repeated many times and is stopped only if the free energy does not show significant modifications. 

After relaxation every model is analysed in order to get the bonding distance fluctuations, bonding angle fluctuations, pair distance distribution and the free energy per atom. The interference functions are also calculated. 

3. Nano-silicon modelling
One of the priority results obtained by us is the first cluster modelling of amorphous silicon.

Figure 1a shows the structure of silicon by considering a large cluster of tetrahedrally bonded atoms. We have observed that by splitting a large cluster, and relaxing again the two small clusters one gets a total energy smaller than that of the initial cluster. This means that the splitting of the continuous random network in small pieces determines a higher stability of the non-crystalline network. The presence of small clusters named amorphites seems to be an important characteristic of the tetrahedrally bonded amorphous semiconductors like silicon or germanium.  

We have modelled a more complex structure of non-crystalline silicon, including the formation of a thin crystallized film in-between the split clusters (amorphites).

Figure 1 b,c shows the results. It was demonstrated by modelling that during the crystallization, which takes place in-between the amorphites some distortion energy is saved. In the same time it is possible to change the structure from one completely amorphous to one partially crystallized and back by using light or other type of radiation.  
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	Fig. 1. a. Large silicon cluster split in two amorphites; 
b. At the limit of the amorphites it is possible to built an interfacial layer (disordered); 

c. The interfacial layer can crystallize as a thin ordered layer.


4. Conclusions

The modeling of the nano-silicon give important results for the nanomaterial science and allows for understanding the structure at the atomic scale of the most important amorphous tetrahedrally bonded semiconductors: germanium and silicon.
It should be emphasized that recent literature reports present an avalanche of possible applications of nanostructures and it is only a matter of time until devices based on the models like that shown in this work enter the market.
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