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Phase formation in thin films of Fe/Si

Technology nowadays moves forward and requires new ways to synthesize different materials with particular properties. For many years, thin films have been one of the most promising fields of research. To obtain required compounds, we need to know the laws and principles of solid-state interactions which take place in thin films.
One of the most successful models of predicting the phase formation sequence is the effective heat of formation (EHF) model [1]. The advantage of the EHF model is that it takes into account the concentration of the reactants at the growth interface, using the equation:


                          ,                               (1)


where ΔH’ and ΔHo are expressed in kJ per mole of atoms. The element is called the limiting one if its effective concentration is less than its concentration in the compound to be formed. Using equation (1), we can easily calculate the effective heat of formation as a function of concentration of the reacting species. It is done for the Fe-Si binary system in Figure 1.
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Figure 1. The effective heat of formation (ΔH’) diagram (top)
        and the phase diagram (bottom) for the Fe-Si model


To use the EHF model, it is indispensable to know the effective concentration of the reactants at the growth interface. It has been shown that the most effective mixing at the interface takes place at the minimum liquidus of the binary system [2]. Due to this fact the composition at the minimum liquidus is chosen as the effective concentration during solid-state reaction. According to phase diagram, the minimum liquidus is marked as a dashed line in the effective heat of formation diagram.
[bookmark: _GoBack]A phase which has the most negative effective heat of formation is predicted to form first. As one of the elements is consumed, the effective concentration of the element forming a substrate moves to the greater values. Thus, according to the diagram, the formation of the next most preferable phase takes place instead.
Thin films of Fe3Si have been obtained by vacuum-evaporation technique on installation of molecular beam epitaxy “Angara” [3]. Atomically clean Si (111) substrate has been used. Phase formation has been analysed by transmission electron microscopy (Figures 2-5).
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Figure 2. Electron microscope image of Fe3Si/Si 
before annealing (cross-section geometry)
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Figure 3. Electron microscope image of Fe3Si/Si 
           after annealing at 350°C (cross-section geometry)
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Figure 4. Electron microscope image of Fe3Si/Si 
      after annealing at 450°C (cross-section geometry)
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    Figure 5. Electron microscope image of Fe3Si/Si 
                                        after annealing at 550 °C (cross-section geometry)

Predictions of the EHF model agree with the experimental results.
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