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Figure 1.1 Stress reduction by punching metal. (a) Distribution of the amplitude 

deformation on insulator and heat distribution by FEM, (b) Ratio of amplitude 

deformation without and with holes, (c) Ratio of thermal resistance without and with 

holes [3]. 
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Table 1.6 Summary of the reported reaction products between Sn(Ag)Cu solders and 

various Ni platings after reflow [26]. 

 

Cu

(mass %)

Ag

(mass %)

Sn

(mass %)

Surface finish(es) Intermetallic(s)

0 3.5-3.9 Bal. Ni and Ni(P) Ni3Sn4

0.1 0 Bal. Ni (Ni,Cu)3Sn4

0.2 0-3.9 Bal. Ni and Ni(P) (Ni,Cu)3Sn4

0.3 0-3.0 Bal. Ni (Ni,Cu)3Sn4

0.4 0-3.9 Bal. Ni (Ni,Cu)3Sn4/(Cu,Ni)6Sn5

Bal. Au/Ni(P) (Ni,Cu)3Sn4/(Cu,Ni)6Sn5

0.5 1.0-4.0 Bal. Ni and Ni(P) (Ni,Cu)3Sn4/(Cu,Ni)6Sn5

Bal. Ni and Ni(P) (Cu,Ni)6Sn5

0.6 0-3.9 Bal. Ni (Cu,Ni)6Sn5

0.7 0-3.8 Bal. Ni and Ni(P) (Cu,Ni)6Sn5

Bal. Au/Ni and Au/Ni(P) (Cu,Ni)6Sn5

0.8 3.9 Bal. Ni (Cu,Ni)6Sn5

0.9 0 Bal. Ni (Cu,Ni)6Sn5

1.0 3.5 Bal. Ni and Ni(P) (Cu,Ni)6Sn5

1.5 0 Bal. Ni (Cu,Ni)6Sn5

1.7 4.7 Bal. Ni (Cu,Ni)6Sn5

3.0 0-3.9 Bal. Ni and Au/Ni (Cu,Ni)6Sn5







http://www.jsae.or.jp/2009haru/eng/sp38.html


































38 

 

 

  

 

Figure 2.16 Cross-section SEM images of the solder with time at 5.0 kA/cm2 and 150 °C. 
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Figure 3.9 Cross-sectional SEM and EBSD images of a solder joint operated at 2.5 kA/cm2 and 150 °C for (a) 250 h, (b) 750 h, and 

(c) 1000 h. (d) Enlarged SEM image of the cathode side for (a) 250 h. 
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Figure 4.15 Enlarged SEM images and EDX point analysis of Ni plating interface 

after once reflow. (a) 3.0Cu, (b) 0.7Cu+1.0Cu balls, (c) 0.7Cu+2.0Cu balls, (d) 

0.7Cu+2.5Cu balls, (e) EDX analysis of (a) 3.0Cu, and (f) EDX analysis of (b) 

0.7Cu+1.0Cu balls. 
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Figure 4.16 SEM images of IMC at Ni plating after once reflow. (a) 0.7Cu, (b) 3.0Cu, 

(c) 0.7Cu+1.0Cu balls, and (d) 0.7Cu+2.5Cu balls. 
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Figure 4.17 XRD patterns of IMC at Ni plating after once reflow. (a) 0.7Cu, (b) 3.0Cu, 

and (c) 0.7Cu+2.5Cu balls. 
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Figure 4.18 Cu or Ni content in (Cu,Ni)6Sn5 at Ni plating after once reflow. 
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Figure 4.32-1 SEM images of Ni plating interface at 200 °C. (a) 0.7Cu, (b) 3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and 

(e) 0.7Cu+2.5Cu balls. 
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Figure 4.32-2 SEM images of Ni plating interface at 200 °C. (a) 0.7Cu, (b) 3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and 

(e) 0.7Cu+2.5Cu balls. 
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Figure 4.33 XRD patterns of IMC at Ni plating at 200 °C after 1000 h. (a) 0.7Cu and 

(b) 0.7Cu+2.5Cu balls. 
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Figure 4.34 SEM and EBSD images of solder after once reflow. (a) 0.7Cu, (b) 3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, 

and (e) 0.7Cu+2.5Cu balls. 
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Figure 4.35 Sn grain map in EBSD images after once reflow. (a) 0.7Cu, (b) 3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and 

(e) 0.7Cu+2.5Cu balls. 
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Figure 4.36 SEM images and (Cu,Ni)6Sn5 size in entire solder after once reflow. (a) 

0.7Cu, (b) 3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and (e) 

0.7Cu+2.5Cu balls. 
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Figure 4.38 Average circle diameter of (Cu,Ni)6Sn5 in entire solder for Cu content in 

solder. (a) 0.7Cu, (b) 3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and (e) 

0.7Cu+2.5Cu balls. 
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Figure 4.37 (Cu,Ni)6Sn5 area ratio in entire solder after once reflow. (a) 0.7Cu, (b) 

3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and (e) 0.7Cu+2.5Cu balls. 
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Figure 4.39 SEM images and (Cu,Ni)6Sn5 ratio in enlarged solder area after reflow.  

(a) 0.7Cu, (b) 3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and (e) 

0.7Cu+2.5Cu balls. 
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Figure 4.41 Average circle diameter of (Cu,Ni)6Sn5 in enlarged solder for Cu content 

in solder. 
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Figure 4.40 (Cu,Ni)6Sn5 area ratio in enlarged solder after once reflow. (a) 0.7Cu, (b) 

3.0Cu, (c) 0.7Cu+1.0Cu balls, (d) 0.7Cu+2.0Cu balls, and (e) 0.7Cu+2.5Cu balls. 
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