
http://dx.doi.org/10.1016/j.microrel.2009.12.003
mailto:xuejun.fan@lamar.edu
http://www.sciencedirect.com/science/journal/00262714
http://www.elsevier.com/locate/microrel


extra vacancies. The other is electron wind that can move the pre-
dominant diffusion species from the cathode to the anode side. In
SnPb alloy, Pb is the dominant diffusion species at the testing tem-
perature (165 �C). Its diffusion direction follows the electron flow
direction from substrate side to die side due to the momentum ex-
change between electron wind and Pb atoms in solder alloy, and Sn
will move in the opposite direction to fill the vacancies formed by
Pb flux. In SnAg solder, Sn is the dominant diffusion species. Its
microstructure is mainly Sn matrix plus Ag3Sn intermetallic com-
pound. Electron wind moves Sn away from the cathode side to
the anode side and causes electromigration failure.

Compared to an UBM WLP structure with a copper post WLP
structure, the failure location due to electromigration is different.









the center is the risky bump with a maximum current density of
0.139e9 A/m2.

Fig. 10 shows the current density distribution of the proposed
line-to-bump geometry designs. Since the current enters the
bumps from the middle portion of the bumps, the current density
is reduced significantly in the lower regions. This can be clearly
seen from the vector plot in Fig. 10



Fig. 11. Comparison of the maximum current density for the existing and proposed design B.

Table 3
Percentage decrease in current densities in terms of maximum current density.

Current density (A/m2)

Existing design 0.139e9
Proposed design B 0.113e9
% Decrease 18.71

Table 4
Percentage decrease in current densities at lower corner of 2nd bumps.

Current density (A/m2)

Existing design 0.139e9
Proposed design A 0.95e8
% Decrease 31.65
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compared to the second bump connected with the existing design
in the present structure. The second bump with the existing design
has maximum current density at the bottom left corner, similar to
the second bump with the proposed design, as shown in Fig. 12.
Table 4 shows a percentage decrease of the current density by
31.65% in the bump with proposed Design A.
5.2. Temperature distribution

Fig. 13 shows the temperature distribution in the bumps. The
minimum and maximum temperatures in the bumps are 391.6 K
and 392.8 K, respectively, in the case of the existing design. They
are 392.9 K and 394.2 K, respectively, for the package with the
proposed design. Because of the presence of very small thermal
gradient in each design, the induced divergences due to thermomi-
gration would be very small.
Fig. 12. Comparison of the current densities at the lower left corner of the bump
5.3. Mesh dependency

Since the results of a finite element model depends on mesh
density, it is important to choose the appropriate mesh density
to obtain the accurate results. In this work different mesh schemes
are considered and their corresponding maximum current densi-
ties are obtained. The mesh scheme, from which the stabilization
of maximum current density is observed, is chosen for meshing
models. Table 5 shows that there is an increase in maximum cur-
rent density with the increase in mesh density. For the structures
with two, three, four times of the initial mesh densities there are
large variations in the maximum current density. But for the struc-
tures with mesh densities greater than four times of the initial
mesh density, the maximum current density appears to be stabi-
lized with little variations. However, there might be a possibility
that the singularity of current density exists at the corner of solder
bumps.
s, with the existing and the proposed line-to-bump design A (2nd bumps).



5.4. Divergence analysis

The values of current density and temperatures obtained
through the coupled electrical-thermal analysis are used to calcu-
late the massflow divergences due to electromigration (div J
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