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Context. Thin films and coatings are used in a wide range of technological applications, such
as microelectronics, packaging or optics. They often develop high residual stresses during the
deposition process, sometimes about few GPa in compression. Such large compressive stresses
may cause the nucleation and growth of buckling structures that generally result in the loss of
functional properties that were initially conferred to such film/substrate composites. The aim
of our studies is consequently to have a better understanding of the buckling phenomenon, by
identifying the relevant parameters to prevent, to limit, or to control its occurrence.

In the past, our studies have focused on the effect of the elasticity and plasticity of substrates,
the observation of specific blistering structures as a function of the mechanical properties of the
thin films under consideration, the question of the external pressure exerted on the blistering
structures, the limitations of the elastic theoretical framework for understanding buckling when
plastic folds are observed, 2D materials such as graphene for which the blistering structures are
debatable due to their ultimate thickness, etc.

We would now like to focus our attention on film/substrate adhesion properties, which control
the propagation of interfacial cracking and, ultimately, the growth of blistering structures.
Recent experimental observations have highlighted the growth of blisters at fixed mechanical
stresses/loading, suggesting a significant variation in adhesion over time. As an example, Figure
1 shows a circular blister (Au 60 nm thick on a Si wafer) with numerous successive plastic
folds, a signature of its growth kinetics.
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Figure 1 : Succesive growths of a circular
buckle observed by AFM on a
Au(60nm)/Si wafer (a) 3 days, (b) 7 days,
(c) 14 days and (d) 21 days after the
deposition.

In practical. The doctoral project will have both an experimental and a numerical component.
The Institut Pprime will be in charge of the experimental part: in particular, it will be necessary
to characterise the evolution of blistering structures under variable loading (mechanical and/or
thermal), under a variable environment (controlled humidity level, chemically neutral
atmosphere, etc.) and as a function of time. The numerical component will be led by Guillaume
Parry at the University of Grenoble-Alpes. In particular, it will involve carrying out finite
element numerical simulations (using the Abaqus code) to gain a better understanding of the
mechanisms involved (with integration of a model of cohesive zones and time-varying
adhesion).

Two types of materials will be studied: on the one hand, various thin metallic films (from a few
dozen to hundreds of nm thick) showing spontaneous growths (such as the one above), the
origin of which is unknown at this stage, and on the other hand, 2D materials (such as graphene)
which show a phenomenon of easy sliding at the interface, favouring its reattachment to the
substrate and the appearance of atypical structures that need to be understood.
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