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Abstract of Thesis

This study aimed to develop a Sn1.0Ag0.5Cu solder with high strength-ductility, and obtained high reliability
of Sn1.0Ag0.5Cu solder joints. To improve the strength and ductility synergistically, the design concept of
multi-phase and multi-scale hybrid enhancement was proposed. In addition, a new surface modification method,
the ball milling-pyrolysis method, was proposed. In this study, the surface modification of the reinforcements,
preparation of the composite solder, the interface regulation between the reinforcements and solder matrix,
strengthening-ductility behavior of composite solders, and the reliability of composite solder joints were
systematically investigated. This research was expected to provide theoretical and experimental basis for the
development of high strength-ductility lead-free solders. The outline of the dissertation was as follows:

In chapter 1, briefly illustrated the solder interconnection in electronic packaging, the development of
lead-free solders, and reliability concerns for solder joints. The problems existing in the development of composite
solder were pointed out. Some ideas and methods to solve these problems were proposed.

In chapter 2, a new surface modification method, ball milling-pyrolysis method, was proposed. The proposed
method was successfully applied to the surface modification of ZrOz nanoparticles and T-ZnOw. The attachment of
NiO on ZrO:2 could be regulated by controlling the ball milling time and Ni/Zr molar ratios. In addition, the
formation mechanism of NiO/ZrO:(NiO/T-ZnOw) were explored using in-situ transmission electron microscopy
(TEM). The interface relationship between the reinforcements and the modified layer NiO were also studied.

In chapter 3, NiO/ZrOz-reinforced Sn1.0Ag0.5Cu composite solder was prepared with ultrasonic stirring. The
microstructure evolution and refinement mechanism of composite solders were systematically investigated. The
Sn/NiO/ZrOz interface system based on mutual solid solution was designed. In addition, the melting point and
mechanical properties of composite solders were also studied.

In chapter 4, NiO/T-ZnOw-reinforced Sn1.0Ag0.5Cu composite solder was prepared with ultrasonic stirring.
The microstructure evolution and refinement mechanism of composite solders were systematically investigated.
Sn/NiO/T-ZnOyw interface system was designed. Moreover, the strengthening-ductility of composite solder was
investigated.

In chapter 5, NiO/ZrO2 and NiO/T-ZnOw hybrid reinforced Sn1.0Ag0.5Cu composite solder was prepared with
ultrasonic stirring. The microstructure evolution and mechanical properties of composite solders were
systematically investigated. Moreover, the thermal stability of composite solder was investigated.

In chapter 6, the wetting performance of NiO/ZrO2 and NiO/T-ZnOw hybrid reinforced Sn1.0Ag0.5Cu
composite solder was conducted. The composite solder/Cu solder joints with reflow were prepared, and the
microstructure and shear strength of solder joints were investigated. Reliability of solder joints were also studied
during thermal aging.

In Conclusion, brief achievements and results of each chapter in this thesis were summarized. The future

plan was listed as well.
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