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ABSTRACT

Reliability is always an extremely important issue in microelectronics packaging.

In the microelectronics packaging, materials with different Coefficients of Thermal

Expansion (CTE) and mechanical properties are bonded together with solder or €poxy to
|

form laminated struciftures. The reliability of the system depends on the reliability of the

interconnections for fll components.

The Pb/Sn eutectic or near eutectic solder alloy is the most commonly used
joining material in microelectronics packaging. Thermal fatigue of solder joints has been
a reliability concern in the microelectronics packaging industry since the introduction of
Surface Mount Technology (SMT). Micro-structural coarsening (phase growth) is
considered to be closely related to thermo-mechanical fatigue failure. A comparison of
computational simulations for three phase growth models and test data has been
presented in this dissertation. Results indicate that the quadratic power phase growth

model best fits the kest data.

The CTE mismatch of the connected layers causes high thermal stresses at the
interfaces, especially near the free edges. During the manufacturing and operating
processes, the free edges of the bonding interfaces in such structures suffer high stress
gradients, which usually cause interfacial delamination. In this dissertation, an analytical
model for thermo-mechanical stress analysis of multi-layered microelectronic structures
has been developed. This analytical model for thermo-mechanical stress analysis of
multi-layered microelectronic structures, which is based on classic plate theory, considers

each layer as a beam-type plate with orthotropic material properties. Compared to most



other analytical models, the boundary conditions of this model can describe all the
physical natures of the restraints. This provides true insight and thorough understanding
of the thermo-mechanical behavior of multi-layered microelectronic = structures.
Compared to other analytical models that can only be applied to the isothermal loading
case, this model can also be applied to the thermal gradient case. The interfacial
compliances are also introduced into the analytical model, and we investigated the
influence of interfacial compliances on thermo-mechanical stresses for stiffer and softer

adhesiﬂle layers.

The proposed analytical model has been verified in the lab on actual BGA
microelectronics packaging modules with a high sensitivity Moiré interferometry
technique for mechanical loading case and isothermal loading case. The analytical results
from the model agree with the experiment results. A comparison of the analytical,
experimental, and finite element analysis results indicates that no matter how fine the
finite element mesh is, it can not capture the actual physical behavior near the free edge,
even qualitatively. Hence, the analytical procedure is much easier, more accurate, and

more economical to use for this problem.

To perform the mechanical loadiﬁg test, a miniature material tester was
developed. The most important feature of this miniature material testing unit is that it fits
very easily on an optical table so that we can take real-time data with Moiré
interferometry. Moreover, it can be used for testing specimens too small for
commercially available miniature material testers. Thermal loading was applied 5y means
of a peltier device setup. This thermal loading unit can also be easily combined with

Moiré interferometry to obtain the real-time whole-field strain distributions.
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