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Introduction
Due to the goal of increasing functionality and decreasing
costs in micro-electronic packages, integrated circuit pro-
cessing and miniaturized fabrication technologies have been
combined to result in microsystems such as System In Pack-
ages (SIP). Microsystems consist of multiple thin and stacked
layers, manufactured using different materials. Hence, inter-
facial failures, mainly in the form of delamination, are prob-
ably the most prevalent issues in many future microsystems.
The main focus of this research is to enrich an interfacial co-
hesive zone model so that the efficiency and robustness of
the model is improved.

Cohesive zone model
For the modeling of delamination, decohesion elements are
placed at the interfaces between laminae. These elements
are used to describe the traction across the boundaries as a
function of separation. In most cohesive zone models, trac-
tion increases with increasing separation until it reaches a
maximum τmax. More separation will result in a decrease in
element stiffness and increase in damage (see figures 1 and
2).
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Figure 1 Deformation of a cohesive zone element.

G
c
= area under

curve

c

max

c

D

Q

1

0

Figure 2 Constitutive relation of cohesive zone model; traction-
separation law (left) and damage evolution law (right).

Solution jump problem
Discontinuities in the numerical solutions of rate-
independent models are defined as solution jumps (see fig-
ure 3). When the local behavior in the interface begins to
soften, the elastic energy stored in the surrounding mate-
rial will be released rapidly by the interface as its damage
increases, and can be sufficient to break it instantaneously.
By refining the mesh, the stored elastic energy will be re-
distributed well when one interface node softens. However,
due to the small size of the process zone in brittle interfaces
in comparison with other dimensions, the element size has

to be extremely small, which results in high computational
costs.
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Figure 3 Double Cantilever Beam (DCB) test; Geometry and dis-
cretization (top) and load-displacement curve (bottom) [1].

Enriched cohesive zone model
Elimination or at least reduction of the oscillations such as
those observed in the DCB test without further mesh refine-
ment, will enhance the efficiency and robustness of the co-
hesive zone model. Therefore, a simplified process driven
hierarchical extension is proposed to enrich the separation
approximation in the process zone of a cohesive crack. In
this simplified formulation, the crack tip position a forms an
additional degree of freedom and it is assumed that the sep-
aration in front of the crack tip remains constant within the
enriched cohesive zone element. Therefore, as can be seen
in figure 4, linear interpolation functions should be modified
to incorporate a piecewise constant linear approximation.
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Figure 4 Hierarchical enrichment of linear interpolation functions.

Research plan
The simplified process-driven hierarchical extension which
involves the introduction of one additional degree of free-
dom should be developed further. The formulation of bulk
elements needs to be enriched as well.
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