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ABSTRACT 

 
        This research was aimed to develop a new nano-composite lead-free solder from the 
widely-used SAC305 solder. The influences of Mn-doped TiO2 and In nanoparticles on the 
melting temperature and wettability of the solder on copper substrate were studied. The 
effects of the nanoparticles on the microstructure of solder joint with the copper substrate 
before and after thermal aging were also investigated in this research. Results showed that the 
addition of Mn-doped TiO2 lowers the solidus temperature, the liquidus temperature and the 
melting range while the introduction of In particles increases the solidus temperature, lowers 
the liquidus temperature and, as a result, clearly narrows the melting range. For the wetting 
test of solder on copper substrate, Mn-doped TiO2 and In nanoparticles improved the 
wettability of the solder on the copper substrate when the optimal amount of the 
nanoparticles was added. The microstructure of interfacial layer between the solder and 
copper substrate was found to be Cu6Sn5 intermetallic phase and its thickness could be 
reduced when the optimal concentration of the nanoparticles was introduced. After thermal 
aging, Cu3Sn intermetallic phase was appeared between the Cu6Sn5 and copper layers and 
thickness of the intermetallic layers was reduced when adding the high amount of Mn-doped 
TiO2 and In nanoparticles.         
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