In-situ investigation by X-ray diffraction and wafer curvature of phase formation and stress evolution during metal thin film – silicon reactions 
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Stresses that develop as a result of interdiffusion or of the appearance of a new phase is a very general problem in metallurgy. For example the development of stresses during the oxidation of metals has long been recognized as a key factor, which determines the adhesion of the oxide scale. Stress development involves a strong coupling between kinetics, thermodynamics and mechanics, which has to be taken into account for a detailed modelling. We will focus in this presentation on the formation of phases and the evolution of stress during the reaction of metal thin films with silicon. 
Transition metal silicides have been used for many years in the microelectronic industry. They are generally formed via a solid state reaction between a thin metal film and poly- or single crystal silicon. The sequence and kinetics of phase formation raise a number of very fundamental questions and are still an area of intense research. Comparatively much less work has been done on the issue of stress development [1,2] caused by the appearance of these new phases. Such a reaction between the metal film and silicon results in an enormous change in the volume (several 10%) occupied by the metal and silicon atoms. Experimentally one observes very large mechanical stresses, which arise in the growing silicide film as a consequence of these large changes in interatomic distances. 

We have developed a specific experimental set up where synchrotron x-ray diffraction is performed at the same time as the substrate curvature is monitored. Such an experiment yields invaluable information on the stresses that develop during growth as well as the phases that appear.

Figure 1 shows a simultaneous measurement of substrate bending and x-ray diffraction [3] during the reaction of a thin Ni film (13 nm) with a Si (001) substrate. Large stress variations are clearly evidenced and correlated with the appearance of different silicides (Ni2Si, Ni3Si2, NiSi).  The modeling of such stress evolutions is highly complex. It is a result of a competition [2] between the growth kinetics and the kinetics of stress relaxation in the growing phase. 

I will present a few results concerning reactions between thin films of various metals (Pd, Co, Ni) with silicon. These results will be discussed with respect to the mechanisms at work (growth kinetics and stress relaxation), the influence of the microstructure of the growing phase on the development of stresses and the issue of stress inhomogeneities in these silicide layers. 
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Fig. 1 Joined wafer curvature and X-ray diffraction measurements during reaction of a 13 nm Ni film with a Si (001) substrate. Heating rate is 2°C/min.
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