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Thin film mechanics
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] Residual stresses in thin films
1 Thin film fracture and delamination

1 Thin film indentation
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Misfit strains

film

substrate
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Mechanisms : the misfit strains in thin films may be due to

* thermal contraction
» non equilibrium deposition (atomic bombardment) or phase transformations

(solidification, resin curing, martensitic transformations)
» plastic deformation (eg shot peening)

https://www.doitpoms.ac.ukitlplib/coating_mechanics -, m




Thin films & coatings
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Geometry: thin film = small h
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Mechanical responses: film/substrate
contrast

Loading: residual stresses




Elasticity
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Beam bending s
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Residual stresses — Stoney
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In-situ measurement of the stress

Stoney formula :
thin film
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Experiments — stress in Mo layer
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Faou et al. Thin Solid Films (2013) 222

13



Thickness (nm)

Microstructure and residual stresses
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Stress measurements — Stoney method
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X Ray Determination of
Residual Stresses
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Not possible on amorphous materials (SiO,, SnO,)

F. Conchon, Pprime




Il = Adhesion/fracture
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Crack propagation — Energy
release rate
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The Double Cantilever Beam
(DCB)
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The Double Cantilever Beam (DCB)

Linear system
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(A)symmetric peel test — Elastic

strip | |
* ethylene propylene rubber / PMMA + thin EPR film

*« 10 cm wide / 12 mN / applied 60 mn
* a: No propagation / b: crack speed 2 um/s

6. EXPERIMENTAL PROOF THAT STRESS DOES NOT DRIVE CRACKS ‘ F

t b
(a) (b)

Figure 6. (a) Peel test with F just low enough to prevent cracking; (b} peel test at the same stress now
fractures.

K. Kendall, J Adhes Sci Technol 8 (1994) 1271 5, m




Optical functionalisation
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DCB adhesion energy
measurement

experimental set-up
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DCB — results
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Barthel et al. Thin Solid Films, 2005




Indentification of the interfaces -
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Impact of underlayer

/] is the locus of failure
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Deposition 1s not at equilibrium

Silver on oxide:
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cf also Lin and Bristowe PRB 2007 28






Elementary fracture mechanics

Available elastic energy: Adhesion energy:
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Threshold — buckling stress — circular buckle
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Circular blister — Energy release rate
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Fracture — mode |
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Electrostatic — curvature effect
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Fracture — mode |l
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Fracture — crack path selection

https://exarc.net/ark:/88735/10543

J. Pelegrin (CNRS silver medal in 2017)
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Blister — impact of mode mixity










Pinning by local conformation of the

buckle q > I
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Faou et al. PRL (2012)



Channel cracks
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Saint-Venant principle
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Energy release rate for a Griffith crack
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Back to interfacial rupture
Relaxation through slip™ =

ﬁ“ sliding
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Coupling to the substrate
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