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Ê 1  ��_�Ë¥ 

Fig.1  Temperature curve of reflow soldering 
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Fig.2  Temperature cycle curve of thermal cycle 
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Ê 3  Sn58Bi/Cu� Sn58Bi-0.1Ti/Cu��~�` SEMÌ 

Fig.3  SEM images of interfacial organization of solder joint 

after soldering: (a) Sn58Bi/Cu and (b) Sn58Bi-0.1Ti/Cu   
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Ê 4  Ê 3bf A �` EDSbÏkÐ 

Fig.4  EDS spectrum of point A marked in Fig.3b 
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Ê 5  {|} 300��` Sn58Bi/Cu� Sn58Bi-0.1Ti/Cu ��~�ªÑÒÓ 

Fig.5  Interfacial microstructures of solder joint after 300 thermal cycles: (a) Sn58Bi/Cu and (b) Sn58Bi-0.1Ti/Cu 

 

 

 

 

 

 

 

 

 

 

Ê 6  Ê 5bf EDS ¥ÔÕ�� 

Fig.6  EDS line scanning analysis of the line marked in Fig.5b 
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Ê 7  {|} 600»900»1200� 1500��`��~�ªÑÒÓ 

Fig.7  Interfacial microstructures of solder joints after 600 (a, b), 900 (c, d), 1200 (e , f) and 1500 (g, h) thermal cycles: 

(a, c, e, g) Sn58Bi/Cu and (b, d, f, h) Sn58Bi-0.1Ti/Cu 
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Ê 8  {|}d9f`~� IMC��� 

Fig.8  IMC layer thickness of Sn58Bi/Cu and Sn58Bi-0.1Ti/Cu solder joints during the process of thermal cycling: (a) total IMC,      
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Abstract: In order to improve the performance of Sn58Bi lead-free solder, the Sn58Bi-0.1Ti nanometer reinforced composite solder was 

prepared by incorporating 0.1 wt% Ti nanoparticles into the Sn58Bi solder. In this research, the effect of adding Ti nanoparticles on the 

growth behavior of intermetallic compounds (IMC) in Sn58Bi/Cu solder joints during thermal cycling was studied. The results show that a 

scallop-like Cu

6

Sn

5

 IMC layer forms at Sn58Bi/Cu and Sn58Bi-0.1Ti/Cu interface after reflow soldering. After 300 thermal cycles, a layer 

of Cu

3

Sn IMC forms at the Cu

6

Sn

5

/Cu interface. The thickness of IMC layer of Sn58Bi/Cu and Sn58Bi-0.1Ti/Cu solder joint is 

proportional to the square of thermal cycling times. However, the IMC layer thickness of Sn58Bi-0.1Ti/Cu solder joint is significantly 

lower than that of Sn58B/Cu solder joint, which indicates that the addition of Ti nanoparticles can effectively inhibit the excessive growth 

of interfacial IMC during the thermal cycle process. In addition, the IMC layer diffusion coefficients of these two solder joints are 

calculated, and the diffusion coefficients of IMC layer in Sn58Bi-0.1Ti/Cu solder joint (overall IMC, Cu

6

Sn

5

 and Cu

3

Sn IMC) are smaller 

those that of Sn58Bi/Cu solder joint, which explains the inhibitory effect of Ti nanoparticles on the interface IMC layer to some extent. 

Key words: Sn58Bi solder; Ti nanoparticles; interfacial reaction; thermal cycle; diffusion coefficient  
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