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Effect of Addition Elements on Creep Properties of the Sn—Ag—Cu Lead Free Solder
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Abstract
Creep properties of two lead-free solder alloys, Sn-3.5Ag-0.5Cu-Ni-Ge and Sn-3.0Ag-0.5Cu, were

investigated at temperatures between 40°C and 125°C. It is found that the creep strength of
Sn-3.5Ag-0.5Cu-Ni-Ge solder is better than that of Sn-3.0Ag-0.5Cu solder. Especially in the low
stress region at 125°C, the creep rupture time of Sn-3.5Ag-0.5Cu-Ni-Ge solder is about three times

longer than that of Sn-3.0Ag-0.5Cu solder. Microstructure characterizations, including TEM analy-

sis, were conducted in order to fully describe the creep properties of the lead-free solders.
Key Words: Sn-3.5Ag-0.5Cu-Ni-Ge Solder, Lead-Free Solder, Creep Property, Microstructure,

Dislocation, Stacking Fault
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Table 1. Chemical composition of solder alloys

Alloy No. Sn Ag Cu Ni Ge

Sn-3.0Ag-0.5Cu Rem. 3.07 0.522 — —
Sn-3.5Ag-0.5Cu-Ni-Ge Rem. 3.58 0.509 0.064 0.011
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Fig. 2 Miniature creep testing machine

Table 2. Creep test conditions

Test temp. Load stress (MPa)
40°C 14.7,19.8
75°C 9.8, 14.7
125°C 5.0,9.8
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Fig. 3 Strength-strain curve of both solders at 25°C and
strain rate of 2.0x107%s™!
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Fig. 4 Strength-strain curve of both solders at 125°C
and strain rate of 2.0x107%s™!
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Fig. 5 Creep curves of the Sn—-3.5Ag-0.5Cu-Ni-Ge sol-
der and the Sn-3.0Ag-0.5Cu solder at 40°C
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Fig. 6 Creep curves of the Sn-3.5Ag-0.5Cu-Ni-Ge sol-
der and the Sn-3.0Ag-0.5Cu solder at 75°C
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Fig. 7 Creep curves of the Sn—-3.5Ag-0.5Cu-Ni-Ge sol-
der and the Sn-3.0Ag-0.5Cu solder at 125°C
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Fig. 8 The creep strength of the Sn-3.5Ag-0.5Cu-
Ni-Ge and the Sn-3.0Ag-0.5Cu solders
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Fig. 9 Creep rate vs. normalized time for Sn-3.5Ag-
0.5Cu-Ni-Ge solder
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Fig. 10 Creep rate vs. normalized time for Sn-3.0Ag-
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Fig. 12 Relation between the stress and steady-state
creep rate (Sn-3.0Ag-0.5Cu)
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Table 3. The stress exponent of the solder alloys

Alloy No. 40°C 75°C 125°C
Sn-3.0Ag—-0.5Cu 15.1 9.4 59
Sn-3.5Ag-0.5Cu-Ni-Ge 11.2 9.6 7.6
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(a) Sn-3.0Ag-0.5Cu solder
before creep test

(c) Sn-3.5Ag-0.5Cu-Ni-Ge solder
before creep test

(d) Sn-3.5Ag-0.5Cu-Ni-Ge solder after
creep test at 125°C, SMPa for 200h

Fig. 16 Microstructures of the Sn—3.0Ag—0.5Cu solder and the Sn—-3.5Ag-0.5Cu—Ni-Ge solder
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Table 4. The plane intervals (d) calculated by measured

diffraction angle (26)
Amount of Ni addition (wt%) 26 (°) d (A)
0 42.97 2.104
0.07 43.27 2.090
0.1 43.36 2.086
0.25 43.54 2.078
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Fig. 18 TEM micrograph of the Sn—-3.5Ag-0.5Cu-Ni-Ge solder

EF—E:TEH oy =

Fig. 19 EDX mapping analyses of the Sn—-3.5Ag-0.5Cu—Ni-Ge after creep test at 125°C for 550 h
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Fig. 21

(a) TEM image of particles
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Fig. 20 The point analyses of particles in the Sn—-3.5Ag—-0.5Cu-Ni-Ge solder after creep test at 125°C for 550 h
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