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ABSTRACT

    In this paper, FEA models are built for both
flip chip BGA (FCBGA) and wire bond PBGA
packages to predict the moisture distribution,
followed by the calculation of vapor pressure
distribution in the package using the micro-
mechanics approach with consideration of the
micro-void effect.  Results show that the vapor
pressure saturated much faster than the moisture
diffusion, and a near uniform vapor pressure is
reached in the package.  The vapor pressure is
strongly dependent on the temperature and its
magnitude can’t exceed the saturated pressure
at the corresponding temperature, even when
more moisture is added in.  The vapor pressure
introduces additional mismatch to the package
besides the CTE thermal mismatch.  Vapor
pressure-induced expansion is directly related to
the vapor pressure distribution, rather than the
moisture distribution.  Moisture desorption
during reflow is also studied and it has
significant effect on the moisture distribution,
but not on the vapor pressure distribution.

1.  INTRODUCTION

    The moisture-induced failures, e.g., popcorn
and delamination, of IC packages are common
phenomenon during solder reflow.  The failures

are due to sudden vaporization of moisture
absorbed by the package at high temperature
condition.  Therefore, it is critical to evaluate
the strength of internal vapor pressure generated
in the package during reflow.  The popcorn
failure was first postulated by Fukuzawa et al.
[2] in 1985, and later supported by many
publications [1, 3, 6-11].
    JEDEC standard [5] is widely used to
conduct reliability test on moisture sensitivity
of the electronic packages.  Kitano et al. [6]
showed that the package cracking is not
controlled by the absolute water weight gain,
rather it is due to the local moisture
concentration at the critical interface.
Therefore, the moisture diffusion modeling is
required.  However, the modeling of ensuing
vapor pressure within the package during the
reflow is the key element in understanding the
failure mechanism.  Previous researchers [3, 6-
8] assumed that the delamination exists before
the reflow, and considered the vapor pressure as
traction loading subjected to the delaminated
interfaces.  There were some studies done and a
few methods were proposed to estimate the
vapor pressure acting on the delaminated
interface.  Since the vapor pressure is generated
anywhere in the package, it is necessary to
investigate the whole field vapor pressure
distribution before the package delamination.
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Fig. 4.  Transient vapor pressure
distribution in FCBGA at level 1, 220°C
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    For wire bond PBGA, the moisture diffusion
and vapor pressure also have different
distributions.  At level 3 (192 hours), the
moisture diffusion is still far from saturation,
but the vapor pressure is already saturated in
more than half of the package.  As a
comparison, the moisture diffusion and the
vapor pressure at level 1 condition (see Fig. 8)
are much more saturated than in level 3 (see
Fig. 6 & 7).
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    Again, the moisture distribution during
reflow is affected by the moisture desorption,
but the vapor pressure distribution is almost
remain unchanged.
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Fig. 12.  Moisture distribution in wire
bond PBGA before and after desorption
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Fig. 11.  Vapor pressure distribution in wire
bond PBGA before and after desorption
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Fig 14.  Effect of f0 on the vapor pressure
distribution of wire bond PBGA
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Fig 13.  Effect of f0 on the vapor
pressure distribution of FCBGA
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However, the interfacial adhesion will be
significantly decreased with more moisture
absorption.  When the adhesion strength is
reduced to the level below the vapor pressure,
delamination will occur.  Therefore, the
knowledge of material interfacial adhesion
strength with moisture effect at high
temperature condition is important in
determining the failure criteria.

4.5  Vapor Pressure-Induced Expansion
    The previous FEA results conclude that the
vapor pressure saturated much faster than the
moisture diffusion.  This implies that the vapor
pressure may be uniformly distributed in the
plastic material regardless of moisture
saturation.  The Young’s modulus of plastic
material drops a few orders at the reflow
temperature, thus the vapor pressure-induced
expansion may become as important as thermal
expansion.  For instance, assume the Young’s
modulus of a typical underfill at 220°C is 500
MPa, and Poisson ratio is 0.3.  Therefore, the
volume change caused by vapor pressure,
Pg(220°C) of 2.32 MPa, can be estimated as
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which is comparable with expansion due to the
CTE thermal mismatch.  It is obvious that the
vapor pressure-induced expansion introduces
additional mismatch.  It must also be pointed
out that such an expansion is directly related to
the vapor pressure distribution, rather than the
moisture distribution.

5.  CONCLUSIONS

    The package vapor pressure distribution
during reflow is the key factor in understanding
the failure mechanism.  FEA moisture diffusion
models are constructed for both FCBGA and
wire bond PBGA packages to predict the local
moisture concentration at the  critical interfaces,
which determines the magnitude of vapor
pressure.  The vapor pressure is found to be
saturated much faster than the moisture
diffusion.  At reflow temperature, the moisture
may not be fully vaporized after the level-1
moisture preconditioning, and thus saturated
pressure is reached in most area of the FCBGA
and wire bond PBGA packages.  The vapor
pressure generated can never go beyond the
saturated pressure at the corresponding
temperature, e.g., pressure of 2.32 MPa at
220°C.  The vapor pressure is strongly
temperature dependent.  Moisture desorption
affects the moisture distribution, rather than the
vapor pressure distribution.
    The moisture affects the package reliability at
reflow from two aspects: generation of vapor
pressure and degradation of interfacial
adhesion.  Although the vapor pressure remains
at its saturated pressure when more moisture is
absorbed, the adhesion strength may
continuously deteriorate with additional
moisture.  When the interfacial adhesion is
reduced to the level below the vapor pressure,
the delamination will occur.  The initial void
volume fraction has insignificant effect on the
vapor pressure distribution because there is
always sufficient moisture concentration in the
package to maintain the saturated pressure.
However, larger void volume fraction along the
interface will weaken the adhesion strength and
make it more susceptible to failures.
    The vapor pressure induces additional
mismatch to the package, which is of the same
order as the CTE thermal mismatch.  This vapor
pressure-induced expansion is directly related to
the vapor pressure distribution, rather than the
moisture distribution.  Therefore, it is important
to consider the mismatch caused by vapor
pressure in the stress modeling.
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Fig. 15.  Relative effect of moisture absorption
on interfacial adhesion and vapor pressure
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