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The purpose of the study is to understand previously reported fast and sound bonding (~ 40 MPa) achieved by Ag sinter pastes and develop new
sinter paste for realizing high temperature endurable die-attachment. The dissertation dealt with the interaction between chemically synthesized
Ag particles and solvent, and developing in situ chemical synthesis sinter paste using redox reaction. The unique sintering mechanism of Ag
flakes in situ formed Ag nanoparticles is discussed.

In Chapter 1, the background of die-attach materials for realizing high temperature semiconductor packaging is explained. One of most
promising candidates is Ag sinter paste due to its excellent bonding strength with low bonding temperature and pressure. It provides high
reliability and high anti-oxidation. There are some challenging points in Ag sintering. Ag nanoparticles need organics additives for storage, which
leads to inhibit sintering. The price of Ag nanoparticles is ten times higher than micron-sized Ag particles, and it restrict the application of
nano-silver paste in industry. Micron-sized Ag pastes has low packing density and surface energy, which increases the sintering temperature and
pressure, and cannot lead to successful high temperature packaging due to weak bonding. Therefore, analysis on new Ag sinter bonding
mechanism and designing sinter paste are needed.

In Chapter 2, the sintering mechanism of polyol-synthesized submicron and micron Ag paste is mainly discussed. The Ag pastes exhibited sound
bonding (~ 40 MPa) though, sintering condition is at 200 °C, 0.4 MPa, which is not expected owing to low surface energy. To understand the
mechanism, we compared it with hybrid Ag particles consisting of micron-sized Ag fakes and submicron-sized Ag particles. During the sintering
process, in situ formed Ag nanoparticles (Ag NPs) were observed only in Ag tracks derived from polyol-synthesized Ag paste sintered at 175 °C,
and they are considered to be the main driving force for particle sintering. The main factor for Ag NPs formation is the residual Ag ions, which
can realize low temperature sintering.

In Chapter 3, a unique mechanism in Ag micro flake sintering which reveals that self-produced Ag nanoparticles, created by the heating of the
sintering process, is discussed. The flakes have microstrain due to the higher dislocation density of the crystalline structure. The release of
microstrain in the flake particles during heating leads to the production of Ag nanoparticles, which is a significant driving force in the sintering
process.

In Chapter 4, improving the sintering performance of micron Ag pastes via in situ polyol synthesis is presented. The chemically modified Ag
pastes exhibited higher bonding strength and electrical conductivity than their corresponding non-chemically modified Ag pastes. The chemical
modification is expected to achieve pure metallic bonding with increased sintering performance.

In Chapter 5, the summary of the dissertation is presented.

The dissertation presented the unique factors of Ag sintering rather than the main driving force of sintering such as surface energy. The unique
characteristic of synthesized Ag particle paste and micro-strained Ag particle paste exhibited in situ formation Ag NPs, without using organic
additives for conservation. The mechanism and designing Ag pastes are believed to give ways realizing high temperature and high reliable

packaging.
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