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Projet scientifique : 

Thin multilayer films deposited on glass are widely used for flat optical, photoelectric 
and electrochromic devices. In many applications, adhesion is a crucial issue in particular when 
mechanical strength is required for further processing or for integration in complex systems. 
Thus, the increase of interfacial adhesion presents a great interest and an important actual 
challenge. 

Since the pioneer work of Gao and Rice (Gao and Rice, J. Appl. Mech., 1989), the 
pinning theory has allowed to extend the linear elastic fracture mechanics to heterogeneous 
materials. Theoretical predictions advance that it becomes possible, with a judicious choice of 
heterogeneous toughness field, to obtain a material which will have a higher toughness than the 
simple mean value of the local toughness. The objective of this study is to apply those theoretical 
predictions to the toughening of thin multilayer coatings. One possible way to increase the 
adhesion of an interface between two brittle solids is to create a patterned interface in order to 
modify the crack front morphology due to pinning on region of higher toughness. This toughness 
modification is the consequence of a pinning regime which is characterised by a rapid change of 
the toughness in the direction of crack propagation. Some recent works realised in our laboratory 
(D. Dalmas, publication accepted in JMPS) has showed very attractive results. 

In this context, the first part of this study will be dedicated to the experimental 
investigation of pinning by simple patterns. By using masks during magnetron sputtering and by 
recording crack front evolution during cleavage test (Barthel and 
al., Thin Solid Films, 2005), we will both study the effects of the 
different physical parameters involved in the toughening 
processes induced by pinning and develop a local measurement 
method of adhesion in pattern interface. Then, the second part of 
the study will be dedicated to the theoretical investigation of 
patterning effect on crack propagation. By using the values of 
adhesion between different layers (i.e. Ag, ZnO, Si3n4, Ti, 
Mo…) coming from the previous local measurements and crack pinning concepts, we will be 
able to propose judicious interfacial patterns (morphology, size, methods…) in order to strongly 
increase adhesion. A routine, already developed in collaboration with the SPCSI Lab in CEA 
Saclay, which allows predicting planar crack propagation in an heterogeneous material, will be 
used and further developed to design and optimize patterning before testing. 
 
Techniques utilisées : Pulvérisation Magnétron, Microscopie (optique, AFM…), Clivage, 
Matlab, Igor… 
Possibilité de poursuivre en thèse ? Oui Mode de financement de la thèse ? Cifre 
D’autres offres de stages de master2 sont disponibles sur le site de notre laboratoire : 
http://www.saint-gobain-recherche.com/svi/en/jobs_opening.html  


