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Abstract

In the last 50 years, lead-contained solder materials have been the most popular interconnect
materials used in the electronics industry. Recently, lead-free solders are about to replace lead-contained
solders for preventing environmental pollutions. However, the reliability of lead-free solders is not yet
satisfactory. Several researchers reported that lead-contained solders have a good fatigue property. The
others published that the lead-free solders have a longer thermal fatigue life. In this paper, the reason
for the contradictory results published on the estimation of fatigue life of lead-free solder is
investigated. In the present study, fatigue behavior of 63Sn37Pb, and two types of lead-free solder
joints were compared using pseudo-power cycling testing method, which provides more realistic load
cycling than chamber cycling method does. Pseudo-power cycling test was performed in various
temperature ranges to evaluating the shear strain effect. A nonlinear finite element model was used to
simulate the thermally induced visco-plastic deformation of solder ball joint in BGA packages. It was
found that lead-free solder joints have a good fatigue property in the small temperature range condition.
That condition induce small strain amplitude. However in the large temperature range condition,
lead-contained solder joints have a longer fatigue life.
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Table 1 Temperature Conditions

H:

Sn Sn Sn
37Pb osch  osce
1 30C~150TC 30C~150TC 30C~150C
2 30C~125TC 30C~130TC 30C~130T
3 30T~110C  30T~110C  30T~110T
4 30TC~100C  30TC~100T 30C~90C
5 30C~75C 30T~90C -
6 - 30C~70C -
Table 2 Cycle Time Conditions
Cycle time 7.5 min
Holding time 3 min
Heating time 3 min
Cooling time 1.5 min
Cycles/day 196 cycles
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Table 3 Specification & Material of Specimen

Chip Part Substrate Part

Dimension{mm)
40x40x2 38x34x2
(WxLxH)
Material FR4 FR4
Finish Ni+Au NitAu
Solder Mask SMD NSMD
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Fig. 13 Finite element model
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Table 4 Material Properties

Temperature  Density Specific Themnlal. CTE Elastic . . Yield Strength
C) (ke /m®) Heat Conductivity (ppm/C) Modulus Poisson Ratio (MPa)
(W/mK) (MPa)
sn 0 25.2 26447 0.360 36.4
37Pb 50 8470 150 51 26.1 12521 0.365 15.2
100 27.3 6909 0.378 9.6
Sn 0 22213 53080 0.3 21.0
50 15 49000 0.3 16.0
Py 100 00 226 3 23 45000 0.3 105
150 23.85 41000 0.3 105
FR-4 25 1938 879 13 15.0 18200 0.25 elastic
Copper 25 3942 385 389 16.7 117000 0.34 69.0
creep behavior € = A[sinh (Bo)|"exp (— —}% )
A(l/s) B(1/MPa) n Q(J/mole)
Sn37Pb 12423 0.126 1.89 61417
Sn4.0Ag0.5Cu 44100 0.005 42 44995
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Table 5 Comparison of the equivalent strain per
cycle (Sn37Pb)

Test APEEQ ACEEQ AIEEQ Life
condition /cycle /cycle /cycle  (63.2%)
30C~150C 01090 00299 0.1390 124

30C~125TC 00370 00160 00530 428
30C™100C 00055 00077 00132 1222
30C™5C 000015 00019 00021 5274
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Fig. 15 Equivalent strains at node edges 30T~100C  0.0022 0.00025 0.0025 317
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