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ABSTRACT

Most of the microelectronics packaging structures consist of layered substrates
connected with bonding materials, such as solder or epoxy. Predicting the thermomechan-
ical behavior of these multilayered structures is a challenging task in electronic packaging
engineering. In a layered structure the most complex part is always the interfaces between
the strates. Simulating the thermo-mechanical behavior of such interfaces, is the main
theme of this dissertation.

The most commonly used solder material, Pb-Sn alloy, has a very low melting

temperature 180°C, so that the material demonstrates a highly viscous behavior. And,
creep usually dominates the failure mechanism. Hence, the theory of viscoplasticity is
adapted to describe the constitutive behavior.

In a multilayered assembly each layer has a different coefficient of thermal expan-
sion. Under thermal cycling, due to heat dissipated from circuits, interfaces and intercon-
nects experience low cycle fatigue. Presently, the state-of-the art damage mechanics
model used for fatigue life predictions is based on Kachanov [1986] continuum damage
model. This model uses plastic strain as a damage qriterion. Since plastic strain is a stress
path dependent value, the criterion does not yield unique damage values for the same state
of stress. In this dissertation a new damage evolution equation based on the second law of
thermodynamic is proposed. The new criterion is based on the entropy of the system and it
yields unique damage values for all stress paths to the final state of stress.

In the electronics industry, there is a strong desire to develop fatigue free intercon-
nections. The proposed interface/contact element can also simulate the behavior of the

fatigue free Z-direction thin film interconnections as well as traditional layered intercon-



nects.

The proposed interface element can simulate behavior of a bonded interface or
unbonded sliding interface, also called contact element. The proposed element was veri-
fied against laboratory test data presented in the literature. The results demonstrate that the
proposed element and the damage law perform very well.

The most important scientific contribution of this dissertation is the proposed dam-
age criterion based on second law of thermodynamic and entropy of the system.

The proposed general purpose interface/contact element is another contribution of
this research. Compared to the previous adhoc interface elements proposed in the litera-
ture, the new one is, much more powerful and includes creep, plastic deformations, slid-

ing, temperature, damage, cyclic behavior and fatigue life in a unified formulation.
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Chapter 1 Introduction

1. General

Microelectronics devices are commonly used in industrial equipment, transporta-
tion vehicles and in many civilian and military applications. The demand for miniaturiza-
tion and faster speed resulted in an increased density for Integrated Circuits (IC). With the
development of high density circuit design technologies, Very-Large Scale Integration
(VLSI), Wafer Scale Integration (WSI), Ultra-Large Scale Integration (ULSI), the corre-
sponding technology in electronic packaging technology has been undergoing significant
developments. As stated by Matisoff[1990]:

“The electronics packaging design and engineering fields perform tasks of ever
increasing importance in the electronics industry, ...The range of technical activities
encompassed by electronics packaging design and engineering includes structure, mecha-
nisms, materials, finish, appearance, utility, serviceability and environmental reliability.

The most recent classification by the American Society of Mechanical Engineers
and Japan Society of Mechanical Engineers (ASME & JSME), emphasized their concerns
for microelectronic packaging to seven categories.

*Physical Design, Materials and Processes.

*Thermal Management and Innovations.

Interconnection Technologies.

Structural Analysis and Simulations.

*Materials and Material Processing.






