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Thin Film Materials by L.BFreund S Suresh Thin films have been inserted into

engineering systems in order to accomplish a wide range of practical servicefunctions

Amongthese are micro nandelectronicdevices and packages MEMS and surface coating

To a large extent the success of this endeavor has been enabled by research leadingto

reliable means for estimating stress in small material systgy and by establishing frameworks

in which to access the integrity or functionality of thesystems BVPforthin films

Let us first consider a 2D case We'll show many concepts obtained in 2Dsystems apply

to more general 3D problems

We consider partially nonlinear kinematics i.e moderate rotation and linear material laws
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Finally linearmaterial lawgives M BK K tiny U for moderaterotations
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We are interested in the energy release rate in this system Consider a region that is

close to theedge of the delamination zone At this levelof observation theedge is

essentially straight and the state of deformation is generalized plane strain
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Theenergy release rate for advance of the delamination front is determined by theedge

loads oNa and Ma whichare notknown a priori in general Need to solve the BVP

According to Hutchison Suo 1991 the stress intensityfactors are
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Buckle delamination
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When to occur and whatdetermines A b

Let us solve for this boundary value problem
d
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Now we know the solution for buckledfilm Let'scompute the energy release rate
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We can also obtain this according to the local observation
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Lastly let's try J integral
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Pressurized bulge of uniform width

The straightsided bulge configuration is perhaps of

less practical signifilance thanthe circularcase But RigidTTtrate

the mechanical response of the film canbe described
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in a fairly transparent way at various levels of
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approximations useful for introducing ideas

Now the deflection results fromexternal loading P positively definedupward

131 4 Nq p

There are threesources ofelastic energy bending stretching residual stress Letus consider

a scaling argument
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This case leads to the simplest level of approximation linearplate theory
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This configurational driving force for delamination at the edge of the pressurized

zone can be calculated by Eg on P90with ΔNa 0
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Large deflection response UbnUs

If the center point deflection 8 increases to values on the order of h we need to

consider the generated membrane stress in the film dueto transverse deflection in

addition to residual membrane stress Here we consider a simplified case inwhichNov
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What is membrane response as I Imagine zero bendingmodulusplate N If P its

solution is simply W 1 E It satisfies w as o butnotwiltal o

Note that we still don't knowwhat N or t is Need to use BCs aboutinplanedisplacement
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Now we are able to determine ΔNa and Ma in terms of specifically
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Still consider Nm 0 so that Us Ub means E'h47 BE ii e 2 2 2 uh
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Nondimensionalization
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What is the energy release rate Two perspectives

From the point of view of Fta Kendall's peeling angle
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It should be noted here that applies to the peeling problem with any 0

In particular when O is nottooclose to 0 N 2 we have G N 1 Coso i.e

peeling at D G Pc

This result is neat and nice but it doesnot give anything at Ke Ke or4
which needs information at Na and Ma



From the point of view of boundary layer analysis

Want to understand what is going on near x a Return the unsimplified equation

at the level of observation lb i e E in dimensionless form
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