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Abstract of Thesis

The objective of this research is to assemble reliable Cu/Cu joints using Cu microparticles for
high-temperature applications. Efforts to resolve the problem of Cu low—temperature sintering were put in
place. This dissertation presents two approaches, reductive reaction and ultrasonic vibration, in order to
improve sinterability of Cu microparticles at low temperatures

In chapter 1, the background of power devices utilizing wide bandgap (WBG) semiconductor and corresponding
die—attach methods currently being used for high-temperature applications was described. It was indicated
that the sintering process using metallic particles is a propitious die—attach method for WGB semiconductors,
and Cu microparticles are potential candidates as the metallic particles; nevertheless, the poor sinterability
of Cu microparticles causes the development of the corresponding bonding procedure significantly challenging
Thus, two assisting approaches, namely reductive reaction and ultrasonic vibration, were proposed

In chapter 2, a reductive bonding process that sinters preoxidized Cu microparticles in a formic—acid
atmosphere at a temperature of 300 C was developed. Cu/Cu joints at a maximum average shear strength of 33
MPa were assembled in a process time of 40 min. Transformation of Cu microparticles after the preoxidation
and reductive sinterability were also observed. The reaction between fragments of oxide and formic acid resulted
in the high bonding density, by generating micro bridges between individual particles

In chapter 3, the feasibility of a low—power ultrasonic-assisted bonding process was explored using Ag
microparticles. Robust Ag-sintered joints exhibiting an average shear strength of 36.2 MPa was obtained in
a process time of 5 min, at an actual temperature of 240 °C. The impacts of the ultrasonic time and ultrasonic
power on the quality of joints and the sintered microstructures were investigated. Two distinctive
microstructures, micro bridges and dense layers, were found to be generated with the ultrasonic vibration,
subsequently affecting bonding shear strength and fracture mode of sintered joints

In chapter 4, a low—temperature bonding process using Cu microparticles with the synergic strengthening
of ultrasonic vibration and redox reaction was developed. Cu/Cu joints exhibiting an average shear strength
of 27 MPa were assembled through sintering Cu microparticles at an actual temperature of 200 ‘Cin a process
time of 15 min. The microparticles were bonded at a low temperature with little oxidation because of the
reductive agents and the short process time resulted from ultrasonic assisting. With the synergic strengthening
of acoustic softening effect and localized high temperatures, the microparticle tightly bonded through the
interfacial recrystallization caused by deformation and dislocation tangles of the micro-region.

In chapter 5, the sintered joints prepared by the methods in Chapters 2 — 4 with different materials and
different substrates were isothermally aged at 200 °C in the air. Oxidation was found to be the main effect
of the aging on the Cu—sintered joints, affecting both shear strength and failure modes. Formation of continuous
oxide interlayer induced degradation and naturally debonding of Cu/Cu joints; however, the oxide layers could
be avoided at compact bonding interfaces that formed with the ultrasonic assisting

In chapter 6, the dissertation was summarized, and future works were planned. The environmental assessment
on the bonding process and corresponding bonding materials was presented

The use of the reductive agents and the ultrasonic vibration in the bonding process of microparticles
lowers process temperature, shortens process time, and avoids discharge of toxic substances; therefore, the

bonding processes developed in this study are promising and environmentally friendly
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