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INVESTIGATIONS OF COHESIVE ZONE PROPERTIES OF
THE INTERFACE BETWEEN METAL FILM AND CERAMIC
SUBSTRATE AT NANO- AND MICRO-SCALES

Y. G. Wei*, X, M. You, and H. F. Zhao

ABSTRACT

Cohesive zone characterizations of the interface between metal film and ceramic
substrate at micro- and nano-scales are performed in the present research. At the
nano-scale. a special potential for special material interface (Ag/MgQ) is adopted 1o
investigate the mterface separation mechanism by using MD simulation. and
stress-separation  relationship will be obtamned. At the micro-scale, peehng
experiment is performed for the Al film/Al.O; substrate system with an adhesive
layer at the interface. Adhesive is a mixture of epoxy and polyimide with mass ratio
I:1, by which a brittle cohesive property i1s obtained. The relationships between
energy release rate, the film thickness and the adhesive layer thickness are measured
during the steady-state peeling. The experimental result has a similar trend as
modeling result for a weak adhesion interface case.
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INTRODUCTION

Due 1o extensive applications of the thin [ilm/substrale sysiems in engineering,
the researches on the strength, ductility and reliability of the systems have attracted
great deal of interest in recent years [1-3]. It is well known that the above
properties are mainly dependent on the interface adhesion property, which 15 often
described by the cohesive zone (CZ) property. The CZ property is equivalent to a
two- parameter criterion. Two parameters are the interface energy and the mterface
separation strength. Therefore, in order to deeply explore interface property, it is
very important to investigate the microscopic mechanism of the cohesive zone and
to develop a trans-scale theory for the CZ model. In the present research, interface
separation mechanism at nanoscale 15 studied by using MD simulation, and
interface property at microscale 1s measured by using the peel test experiments,
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PEELING EXPERIMENTS OF ENERGY RELEASE RATE

As mentioned above, there are two important parameters in the CZ model,
{ 1y.a ), where [}, 1s the interfacial fracture energy and & the adhesion strength.
The determination of ( /7, ,& ) for a film/substrate svstem is the most important goal,
Through the peel test measurements, see Fig. 1(a), one can record both the energy
release rate {or peel force ) and the deformation information of the film. From
energy balance at the steady-state peeling, one can obtain a relationship between
energy release rate F(l-cost) with interfacial fracture energy !, as well as
plastic dissipation energy /. of the film,

Pll—cosd)y=1,+ I, (1)

In most metal film cases [ is 4 major contribution 1o the energy release rate
Pil—cosd) . So an appropriate method is needed o determine I, [4-6].
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Figure L. (a) Sketch figore of peel test and cohesive zone model. (b) Peel foree (or energy
release rate) variation, guickly ahtaining a steady-state. (c) Variation of the steady-state energy
release rate with film thickness, (d) Bending model results of the steady-state energy release
rate. Clearly, both modeling and experimental results have similar trend.,
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Figure 2. Variation of interface fracture enecgy with the adhesive loyer thickness,

Peeling experiment is performed for the Al film/Al,O5 substrate system with an
adhesive layer at the interface. Adhesive 1s a mixture ol epoxy and polyimide with
mass ratio 1:1, by which a brittle cohesive property 1s obtained. The relationships
between energy release rate, the film thickness and the adhesive layer thickness are
measured during the steady-state peeling, as shown in Fig.l{b) and (c). From Fig.
1(b), variation of peel force with loading displacement displays that it is very easily
o get at the steady-state peeling process, 1.¢., a stable peel force state, For a senes
of film thicknesses, Fig.lic) shows the variations of the steadv-state peel forces
(energy release rate) with thin film thickness.

MODELING OF PEEL TEST BASED ON CZ AND BENDING MODELS

There are several analytical models which can be used to model the peel test[6].
The most popularly used model is the CZ model based on the beam bending theory.
However, this model is suitable for a weak interface adhesion case, as present
discussed brittle adhesive case [7]. Using this model, we find out the analytical
solution for the peel test, as shown in Fig. 1{d). Clearly, both analytical and
experimental results have the similar trend.

It 15 also an important goal for the peel test to determine the interface mechanics
parameters. We used the neural network method and the expenimental measurement
of the steady-state energy release rate to develop a approach o determine the
interface fracture energy and separation strength. The variation of the interface
fracture energy with the adhesive layer thickness is shown in Fig.2.

FUNDAMENTAL INVESTIGATIONS ON THE CZ PROPERTIES

It is very significant to explore the CZ property at the atomistic scale. We
consider an interface of Ag/MgO, and use a specially developed potential for the
interface [8] to obtain the interface cohesive zone relation, as shown in Fig.3. This
result is similar with that obtained by Smith et al.[9] for the interface of NifAl203,
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Figure 3, CZ property lor the interfoce of Ap/MpO by using the MD simulation,

CONCLUDING REMARKS

In the present research, fundament and application of the CZ model have been

investigated. It is worth of noting that a trans-scale theory is needed to link the
microscopic CZ model and macroscopic CZ model in further research,
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