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Interfacial Delamination Mechanisms During
Soldering Reflow With Moisture Preconditioning
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Abstract—This paper first examines the commonly-used
thermal-moisture analogy approach in moisture diffusion anal-
ysis. We conclude that such an analogy using a normalized
concentration approach does not exist in the case of soldering
reflow, when the solubility of each diffusing material varies with
temperature or the saturated moisture concentration is not a con-
stant over an entire range of reflow temperatures. The whole field
vapor pressure distribution of a flip chip BGA package at reflow
is obtained based on a multiscale vapor pressure model. Results
reveal that moisture diffusion and vapor pressure have different
distributions and are not proportional. The vapor pressure in
the package saturates much faster than the moisture diffusion
during reflow. This implies that the vapor pressure reaches the
saturated pressure level in an early stage of moisture absorption,
even the package is far from moisture saturated. However, the
interfacial adhesion degrades continuously with moisture absorp-
tion. Therefore, the package moisture sensitivity performance will
largely reply on the adhesion strength at elevated temperature
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[1], [13]. The ambient water vapor density at 85 °C/85%RH is
0.85-p, = 3.04-10~*g/cm®. where p,, is the ambient saturated
moisture density (obtained from the steam table). A simple cal-
culation of the ratio between the saturated moisture concentra-
tion and the ambient water vapor density, which is 80.2, reveals
that the moisture must be condensed into liquid phase within the
material. Polymer materials behave like a sponge in absorbing
moisture. The ligiud water in the material will vaporize when the
temperature rises. However, the moisture in material at elevated
temperature may not be fully vaporized if there is sufficient
amount of moisture existing. This means that the moisture may
still be in a mixed liquid/vapor phase at elevated temperature.
Vapor pressure exists anywhere in diffusing material. Vapor
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Fig. 2. Flip Chip package (not molded) at MSL level 1 at 220 °C: (a) transient vapor pressure distribution and (b) transient moisture distribution.
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Fig. 3. Flip Chip package (molded) at MSL level 3, 220 ° C: (a) transient vapor pressure distribution and (b) transient moisture distribution.
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Fig. 4. Schematic of relative effect of moisture absorption on interfacial adhe-
sion and vapor pressure.

diffusivity and saturated moisture concentration, are different.
The correlation between moisture absorption and adhesion does
not exist due to different chemistries and surface treatment. Al-
though the vapor pressure is same for most cases since saturated
vapor pressure can be reached in a much early stage of moisture
absorption, the sensitivity of the adhesion to moisture may be

very different for different materials. This implies that it is im-
portant to select the materials, of which the adhesion is robust
regardless of moisture absorption.

IV. EXPERIMENT

To examine the effect of material selection on package mois-
ture sensitivity performance, several key material modulation
factors are characterized first. Six different underfills, which
have a wide range of chemistries and compositions, are selected
for the evaluation. Fig. 5 shows the moisture weight gain curves
of these underfills under 85 °C/85%RH preconditioning. The
saturated moisture weight gain ranges from 0.5% through 1.6%
of the total weight respectively. Underfill A has the least mois-
ture absorption among six materials. Table I lists the thermal
and mechanical properties of these underfills such as the CTE 1,
CTE 2, Tg and E1 and E2, respectively. Since the delamination
at the interface between underfill and polyimide in a flip chip
package is a common failure mode in moisture sensitivity test,
the adhesion measurement at room temperature using die shear
setup was conducted. Fig. 6 plots the adhesion results under var-
ious soaking hours, which show that the differences in adhesion
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Fig. 5. Moisture weight gain data for six underfills under 85 ° C/85%RH.
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Fig. 6. Adhesion test results at room temperature with and without moisture
(85 °C/85%RH).

TABLE |
THERMAL AND MECHANICAL MATERIAL PROPERTIES OF SIX UNDERFILLS

among the first three underfills at room temperature are not sig-
nificant. It is also noted that the adhesions for these three under-
fills are not sensitive to moisture. It seems that the underfill A is
an ideal candidate for the best moisture sensitivity performance
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Fig. 8. Adheison test coupon configuraiton.

moisture sensitivity performance. The most important param-
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Fig. 10. Void growth at interfaces.

below the critical stress. Otherwise, like case 2 shown in Fig. 9,
the delamination will take place.

The micromechanics analysis based on the single-void model
study reveals some fundamental features associated with the
failure mechanism for porous material such as the unstable
growth of voids [13], [22]. How to link the results of the
single void behavior to descriptions of material behavior in a
macroscopic sense therefore becomes one of the critical issues.
Homogenization processes can be applied for this purpose.
There are several theories to establish the relationships between
the microscopic and macroscopic variables [23], [24]. For a
porous material, the void volume fraction f is treated as a field
variable: a damage parameter to represent the local material
behavior. f = 1 at a particular (continuum) point implies that
delamination takes place at this “point.” The evolution equation
is required for the void volume fraction f. For homogeneous
material in bulk, the growth rate can be written as

f = fgrowth + fnucleation (10)
fgrowth = (1 - f)Ekk (11)
fnucleation = Aé’e + Bzm (12)

At interface, the impact of interface on void growth should be
included

f = fgrowth
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