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TABLE II
THE ORDER OFSTRESSSINGULARITY AT CHIP/UNDERFILL CORNER

at the edge of chip. The finite element mesh for this sub-model
is shown in Fig. 6.

Since the finite element results are very inaccurate at a very
small distance from the wedge tip even with global/local mod-
eling, due to the inability of the elements used, the results for
points very close to the tip should be discarded. On the other
hand, the singular solutions are valid only in an area close to the
crack tip, thus the procedure should be limited to elements in the
vicinity of the crack tip. According to (9) and (10), the stress in-
tensity factor, e.g., the opening stress intensity factor, can
be obtained when approaches to zero, as follows

(15)

When the regular element is applied, a series of points can be
picked up at corner to extract the stress intensity factors (e.g.,
see Figs. 7 and 8). The stress intensity factors are dependent on
the distance due to the errors caused by finite element results
at tip area. The actual value of the stress intensity factor has to
be obtained by the extrapolation of these data to . In the
following example, the range to pick up the stress at the tip is
from 0.05 mm to 0.10 mm, by which the stress intensity factors
at different points vary monotonically.

VI. RESULTS AND DISCUSSIONS

A. Prediction of Delamination

The purpose here is to assess that at the chip/underfill corner,
along which interfaces, i.e., the underfill/polyimid, or under-
fill-fillet/chip-edge, the susceptibility to delamination is high.
Figs. 7 and 8 plotted the opening and shearing stress intensity
factors as function of the distance from tip for the vertical and
horizontal interfaces, respectively. In the region offrom 0.05
mm to 0.1 mm as shown in Figs. 7 and 8, the stress intensity
factors computed by (9) and (10) at different points vary mono-
tonically with . Therefore the actual values of the stress inten-
sity factors can be obtained by the extrapolation to based
on (15) (the coordinate in the figures starts at mm).
The results read
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where (refer to Table II). Therefore, the combined
stress intensity factor and phase angle along the horizontal in-
terface are, by (11) and (12)

MPamm

Fig. 5. Global finite element meshing.

Fig. 6. Local finite element modeling.

and along vertical interface

MPamm

It is shown by experiments that the adhesion strength is a
function of the phase angle. When the phase angle is in-
creasing from 0to 90 , that is, the cracking mode changes from
pure tensile to pure shearing, the adhesion strength increases.
Therefore, following relationship can be obtained:

(16)

It is also known that the adhesion between polyimide and
underfill is lower than that between silicon and underfill, that
is

(17)

With (16) and (17), it can be obtained that

(18)

Since the horizontal stress intense factor is greater than
vertical one , these values can ensure that the validity of (13).
Therefore, it can be concluded that the delamination will occur
first along the horizontal interface between polyimide and un-
derfill. This conclusion is confirmed by the experimental results
shown in Fig. 9.
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