A Study on Material Reliability Related to
High Density Packaging of Semiconductor



ABSTRACT

Much progress has been made in semiconductor packages along with the changes in
shape, manufacturing process and material construction. Technologies such as
high-density and product-intelligence have come first, while the package reliability in
terms of material properties has tended to receive less attention.

In this study, various aspects of packaging in its current state were examined, and
important systematic research was carried out to clarify material properties. The
behaviors of stress and deformation of materials were analyzed by the finite element
method (FEM) and confirmed by experiments to suggest countermeasures for the
effective use of suitable materials.

At first, FEM analysis was carried out by focusing on the residual stress of cured
resin, which is a common issue in semiconductor packaging. A warpage simulation of
the surface mount packages was studied in order to predict the level precisely. It was
found that the elastic method might result in a false simulation, but the viscoelastic
method, which introduces the chemical shrinkage of mold compound, predicted the
warpage precisely. Thus a resin design was able to control package warpage, and an
efficient product development method became available.

Next, the reliability of a solder joint, which is an important issue for surface mounted
packages, was studied by focusing on substrate properties. Three metal core substrates
with various CTE and an FR4 substrate were prepared for this study. A thermal fatigue
test and FEM analysis were carried out in two types of flip chip packages that use these
substrates. In a flip chip on board, it was confirmed that the lower the CTE of the
substrate, the longer the fatigue life of a solder joint could be obtained. In a flip chip in
package, the relation of fatigue life between the inner and outer joints was analyzed to
evaluate the CTE and stiffness of the interposer as well as the properties of the underfill
resin and thus find the most suitable substrate. The FEM results were verified by
thermal deformation at solder joints measured by the optical method called “more
interferometry.”

Then, in order to clarify the contact reliability of the Known Good Die (KGD)
system, which will be indispensable to future mounting technology, a contact resistance
measuring test and a contact stress analysis were carried out. The results of these
contact evaluations matched each other well to suggest suitable material properties and
operating conditions.

Finally, an electrical conductivity analysis in a plating bath was conducted to obtain
bump height evenness because this highly influences the contact reliability of a KGD
system and the flip chip interposer in a bump-attached film. It was confirmed that the



current density and bump height matched each other well. Accordingly, the optimum
operating conditions of electro-plating were suggested and a uniform bump height was
obtained.

Through this study, countermeasures were found for the effective use of suitable
materials in high-density packaging of semiconductors. In particular, package warpage
could be accurately predicted through a viscoelastic technology that introduced the
chemical shrinkage of mold compound, and the warpage mechanism and
countermeasures for low warpage became clear. Therefore, we were able to find a way
to efficiently develop mold compound.
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