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Abstract: Solder joints in microelectronic devices are frequently operated at an elevated temperature
in service. They also experience plastic deformation caused by temperature excursion and difference in
thermal expansion coefficients. Deformed solders can go through a recovery and recrystallization process
at an elevated temperature, which would alter their microstructure and mechanical properties. In this study,
to predict the changes in mechanical properties of Pb-free solder joints at high temperatures, the high
temperature microhardness of several Pb-free and composite solders was measured as a function of temperature,
deformation, and annealing condition. Solder alloys investigated include pure Sn, Sn-0.7Cu, Sn-3.5Ag,
Sn-3.8Ag-0.7Cu, Sn-2.8Ag-7.0Cu (composite), and Sn-2.7Ag-4.9Cu-2.9Ni (composite). Numbers are all
in wt.% unless specified otherwise. Solder pellets were cast at two cooling rates (0.4 and 7°C/s). The
pellets were compressively deformed by 30% and 50% and annealed at 150°C for 2 days. The microhardness
was measured as a function of indentation temperature from 25 to 130°C. Their microstructure was also
evaluated to correlate with the changes in microhardness.
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3.1 Micostructure of As-Cast Solders
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3.2 Microstructure of Deformed Solders
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Fig. 1. Micrographs of Sn and Sn-rich lead free solder alloys in the as-cast condition with fast cooling rate (top 6) and

slow cooling rate (bottom 6).
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Fig. 2. Micrographs of Sn and Sn-rich lead free solder alloys in the as-cast condition (top 6) and after annealing at 150 °C,

48 h (bottom 6).
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Fig. 3. Micrographs of Sn and Sn rich lead free solder alloys 30% deformed (top 6) and annealed at 150 °C, 48 h (bottom 6).
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3.3 Microhardness Measurement
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Table 1. Microhardness of solders as a function fo cooling rate and indentation temperature

pure Sn-Cl.l Sn-Ag Sn-Ag-Cu Pb—Sl:l Sn—Ag-(.Ju Sn-Ag-Cu-Ni
Sn eutectic eutectic eutectic eutectic composite
25°C fast cooling 6.8 11.1 14.1 15.6 17.3 17.9 18.9
slow 5.6 10.4 12.7 14.6 16.6 17.2 18.7
60°C fast cooling 5.7 10.2 11.9 133 13.9 14.7 16.4
slow 5.1 9.8 10.9 12.7 13.9 13.8 16.1
100°C fast cooling 4.9 85 9.8 11.8 105 112 133
slow 4.8 83 9.5 11.8 10.4 11.2 13.4
130°C fast cooling 42 6.9 7.9 9.1 9.1 10.3 10.8
slow 42 7.1 7.6 9.5 8.8 10.2 10.5
Table 2. Microhardness of solders as a function of indentation temperature, deformation and annealing.
indent ammount of Sn-Cu Sn-Ag  An-Ag-Cu  Sn-Ag-Cu  Sn-Ag-Cu-Ni
Temp. deformation ~ P™'° Sn eutecitc  eutecitc eutecitc composite composite
0% 6.8 11.1 14.1 15.6 17.9 18.9
deformation 30% 7.8 13.7 154 17.1 19 20
250¢ 50% 7.1 12.8 14.8 173 19.3 20.6
0% 6.6 82 12.7 12.3 14.9 15.3
annealing 30% 6 8.7 12.2 13.2 15 15.3
50% 6.5 9.2 10.7 11 12.2 13.4
0% 5.7 10.2 119 12.7 15.7 16.4
deformation 30% 6.2 11.9 12.4 14.8 16.4 17.2
60°C 50% 6 11.1 12.1 14.9 16.6 17.5
0% 5.8 7.7 111 10.8 12.6 13.1
annealing 30% 55 8.1 10.7 11.4 12.6 133
50% 5.9 84 10.3 9.8 1.1 12.2
0% 49 8.5 9.8 1.8 132 14
deformation 30% 48 93 10.2 13.1 13.6 14.4
100°C 50% 438 9 9.9 12.8 13.5 14.6
0% 4.7 7.2 9.4 11.3 12.2 12.7
annealing 30% 4.6 7.7 8.9 12.1 12.1 12.5
50% 438 7.6 8.8 11.5 11.3 11.9
0% 4.2 6.9 7.9 9.1 112 11.8
deformation 30% 43 7.2 8 9.7 114 12
130°C 50% 4.4 7.1 8 9.8 11.2 12
0% 4.1 6.2 7.2 85 9.7 10.4
annealing 30% 4.1 6.6 6.8 9.2 9.8 10.2
50% 4.1 6.6 6.9 9.1 95 9.9
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