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Influence of rapid cooling and
diffusion annealing on Sn-Bi-X solder

LI Yuan-shan"?, CHEN Zhen-hua', LEI Xiao-juan1

(1. School of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2. School of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract: A self-fabricated Sn-Bi-X(X=Ag, Cu, Ge, Ce, Sb) lead-free solder was treated by rapid cooling and diffusion
annealing, the changes of its microstructures and properties were investigated. The results show that, the faster the
cooling rate, the lower the melting point and the smaller the percent of eutectic is. When the melt spinning rate is up to
1 000 r/min, the melting point decreases from 190.5 ‘C to 186.2 °C, and the eutectic phase of Sn-58Bi disappears fully.
Diffusion annealing can remove the coarse crystal of Bi, uniform the microstructure and enhance the mechanical property
of Sn-Bi lead-free solder. The microstructure is stable after annealing. Diffusion annealing can be a procedure of surface
mounting production process. Annealing at 125 ‘C for 16 h was approved well.
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Table 1 Chemical composition of alloy(mass fraction, %)

Alloy Sn  Bi Ag Cu Ge Ce Sb
Sn-Bi-X 785 20 0-1.5 0-1.5 0-1.5 0-1.5 0-1.5
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Fig.l1 DSC curves of Sn-Bi-X alloy with different cooling

rates
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Table 2 Melting characteristic of Sn-Bi-X alloy with different

cooling rates

Cooline rate Eutectic Melting Percent
& temperature/’C ~ point/'C  eutectic/%
Alloy by casting 137.6 190.5 133
Manual welding 136.9 187.2 2.7
spot

Melt spinning 136.0 187.1 22
process 300 r/min

Melt spinning

process 1 000 N/A 186.2 0

r/min
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Fig.2 Microstructures of solder under different cooling rates: (a) Casting; (b) Manual welding; (c) Water cooling; (d) Melt spinning

process 1 000 r/min
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Table 3  Shear strength of alloys

Alloy Shear strength/MPa
Sn-37Pb 50
Sn-Bi-X 50

Sn-Bi-X water cooling 55
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Fig.3 Microstructures of alloys with different annealing parameters: (a) As-cast alloy; (b) Annealing at 125 ‘C for 16 h; (c)
Annealing at 130 ‘C for 6 h; (d) Annealing at 140 ‘C for 2 h; (¢) Annealing at 150 ‘C for 2 h; (f) Ablation at 160 C
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Table 4 Melting characteristic of as-cast alloy and after

annealing
Alloy Eutectic ] Mgltir}g Percgnt
temperature/’C  point/C eutectic/%
As-cast 136.9 190.5 13.3
After annealing 137.9 193.2 0.3
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Fig.4 Microstructures of solder before (a) and after annealing

at 125 °C for 12 h (b)
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