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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.
In an UBM configuration, current crowding occurs at the cathode
contact of a solder bump, in the region just adjacent to the UBM
layer. While in a copper post WLP structure, current crowding oc-
curs at a solder bump on PCB side.



where rH is the local hydrostatic stress value rH ¼ ðrxxþ
ryy þ rzzÞ=3Þ, where rxx;ryy and rzz correspond respectively to the
normal components provided by the local stress tensor.

In order to calculate the total divergence, the distribution of~J,
the current density vector, T, the absolute temperature, and rT ,
the temperature gradient, must be obtained first. The coupled
thermal–electrical governing equations can be expressed as
follows,

� r � q0 1 þ aðT � T0Þ



interconnections on the PCB side (see Fig. 5b). So the current enters



Fig. 8. (a) Finite element model of the proposed line-to-bump designs A and B; (b) the proposed design A (connecting bumps 1 and 2); (c) detailed view of design A; (d) the
proposed design B (connecting bumps 3 and 4) and (e) detailed view of design B.

Table 2
Material properties for numerical analysis.

Material Material properties

Specific heat
(J/kg K)

Thermal conductivity
(W/m K)

Electrical resistivity
(X m)

PCB – 1.7 1e10
Solder (SAC) 219 57.26 13.3e�8(1 + 2e�3DT)
Silicon die – 150 4.4
Copper 385.2 393 1.58e�8(1 + 4.3e�3DT)
Epoxy 2185 1.2 1e17
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An electrical voltage difference is applied between the ends of
the Cu traces at the chip side and the PCB side, with a current load
of �1.7 amps (�ve) applied at the end of the Cu trace on the chip
side. The effect by joule heating increases the temperatures of
the whole structure. The ambient temperature surrounding the
test structure is 50 �C, so there will be a convective heat transfer
between the structure and ambient air. The convective heat trans-
fer coefficient is 20 W/m2 �C.

The electromigration parameters for SnAgCu solder bump are
listed in Table 1 [3,9–14] where EA is activation energy, Z� is effec-
tive charge number, D0 is self diffusion-coefficient, Q� is heat of
transport, q0 is initial electrical resistivity, a is temperature coeffi-
cient resistance, X is atomic volume, Boltzmann constant KB is
1.380662e�23, the electron charge e is 1.60219e�19, and the room
temperature T0 is 303.

Thermal and electrical material properties are listed in Table 2.
The electrical resistivity of the PCB and epoxy are assumed to be a
Table 1
Electromigration basic parameters [3,9–14].

Parameter Units Value

EA eV 0.8
Z� – �23
D0 m2/s 0.027
Q� eV 0.0094
q0 X m 13.3e�8
a 1/K 2.8e�3
X m3/atom 2.72e�29
very big number so that they are highly resistive to conduct
electricity.
5. Results

5.1. Current density

The current crowding, which occurs when there is a sudden
change in the cross-section area, is the main cause for the electro-
migration. Fig. 9 shows the current density distribution in the sol-
der bumps with the existing line-to-bump geometry design. From
the figure, it can be seen that the current crowding occurs at the
nearest corner at which a large portion of the current enters or
leaves the solder bump. Such results are consistent with the exper-
imental observations, as shown in Fig. 2. The current density at the
corner is approximately one order of the magnitude higher than
the average current density in solder bumps. The third bump in



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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