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                                     様式３ 

論  文  内  容  の  要  旨  

氏  名  （      張     浩       ）  

論文題名 

Low-temperature and pressureless micron Ag particle paste for high-temperature die attachment 

in power devices 

（パワーデバイスの耐熱ダイアタッチのための低温・無加圧ミクロンAg粒子焼結ペーストに関する

研究） 

論文内容の要旨 

Wide bandgap (WBG) semiconductors power devices have attracted considerable attention for a broad range 

of applications such as optoelectronic devices, alternative energy generation, and high-energy vehicles. In 

all of these applications, the harsh environment (above 250 °C or even 300 °C) is beyond the endurance of 

the conventional high-temperature die attachment materials. To address the problems, a novel bonding technology 

is proposed based on sintering Ag nanoparticles, which can form a high-temperature metal joint with an excellent 

thermal conductivity. However, the complicated synthesis process handling and high price of nanoparticles 

hinder its application to massive production of devices. On the other hand, sintering affordable micron Ag 

particles always requires high assisting pressure of -50 MPa and the high sintering temperature, normally 

beyond 250 ℃, which cause chips and substrates to bow and warp during the die attachment process. Therefore, 

the aim of the doctoral dissertation is to obtain an affordable micron Ag particles paste capable of a 

low-temperature and pressureless sintering condition and an excellent high-temperature reliability. 

Therefore, the paste is simply called as “low-temperature and pressureless micron Ag paste”. 

At first, a micron Ag paste was prepared by employing solvent modification to realize a low-temperature 

and pressureless sintering process. The paste achieved a high bonding strength above 30 MPa with a low electrical 

resistivity of 8.45 μΩ∙cm after pressureless sintering at 180℃, making it superior to the other micron 

or nano-Ag pastes under similar conditions. These enhanced performances were mainly caused by the suitable 

removal speed of the solvent, its favorable thermal behavior, and higher capillary force on the sputter Ag 

layer. 

Next, a low-temperature and pressureless micron Ag paste was also achieved by using a sintering activator 

Ag2O additive as a bridge among micron particles. The additive Ag2O was in situ decomposed to Ag nanoparticles, 

which activated the surface of the micron Ag particles and thereby leaded to the rapid diffusion and further 

densification of the micron Ag particles. The sintered Ag joint using an optimized paste, micron Ag particles 

with 10% Ag2O, exhibited an excellent shear strength above 40 MPa at 180 °C without the assistance of additional 

pressure. 

Finally, the high-temperature reliability of the low-temperature and pressureless micron Ag paste under 

high-temperature aging (250 ℃) and thermal shock (-50-250 ℃) were investigated. The mechanical properties 

and microstructural evolution of sintered micron-porous Ag joints were evaluated. The average joint strength 

was independent of aging time and also kept approximately 35 MPa after aging for 1000 h while the value declined 

drastically to around 17 MPa after 1000 cycles. The stability of joint strength during aging process was closely 

related to the balance between the coarsening of Ag grains and evolution of micron pores. The decreasing strength 

during thermal cycling corresponded to a structural inhomogeneity and increasing defects, which also 

accompanied with a change of fracture behavior. 






