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Recently much research are has been done into the compositions of lead-free
solders. As a result, there has been a rapid increase in the number of new
compositions. In the past, the properties of these new compositions were
determined and verified through drop-impact tests. However, these drop tests
were expensive and it took a long time to obtain a result.

The main goal of this study was to establish an analytical method capable of
predicting the impact life-time of a new solder composition for board-level flip
chips though the application of drop simulations using LS-DYNA. Based on the
reaction load obtain with LS-DYNA, the drop-impact fracture cycles were
predicted. The study was performed using a Sn-3.0Ag-0.5Cu solder (305
composition). To verify the reliability of the proposed analytical method, the
results of the drop-impact tests and life-time analysis were compared, and were

found to be in good agreement. Thus, the new analytical method was shown to be
very useful and effective.
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Fig. 1 Loading conditions of the drop simulation by the explicit
method

Table 1 Responsed accelerations of the PCB centered point

Pt 500 @) | 1,000 (G) | 1,500 (G) | 2,000 (G)

Output

PCB center (G) 630 1,240 1,870 2,490
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Fig. 2 Meshed cube model of solder balls
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Fig. 3 Loading and supporting conditions

Table 2 Material properties of the PCB, chip and solder balls

. Young’s L Yield .
Nf;ezral Type Modulus Po;{sast (i): s Strength (1]3;;:;};)
Y (MPa) (MPa)
PCB FR4 22,000 0.280 60.0 1.90E-6
Solder SAC 48,000 0.300 35.1 7.40E-6
Chip Silicon | 131,000 0.278 60.0 2.33E-6
....... 0
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Fig. 4 Estimated fracture locations of the chips
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(a) Cube solder model (b) Sphere solder model

Fig. 5 Remodeling of the solder ball
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Fig. 6 Acceleration on the PCB center in time domain

Table 3 A comparison of the simulating result by cube and
sphere model

Cube (MPa) Sphere (MPa)
#1 103.59 656.50
#2 36.05 515.89
#3 7.13 142.51
#4 54.10 797.15
#5 32.01 396.97
#6 36.05 531.51
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Table 4 The simulating results of reaction load

Reaction Load (MPa)
#1 301.82
#2 222.03
#3 -46.44
#4 292.85
#5 -16.96
#6 -210.99
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Fig. 7 Load condition of the fatigue simulation'®

Table 5 Material properties of the solder panl®"!

Items Values

Strength Coefficient (MPa) 29.1
Strength Exponent -0.076
Ductility ~Coefficient 0.325
Ductility Exponent -3428

Cyclic  Strength Coefficient (MPa) 93.3
Cyclic Strain Hardening Exponent 0.026
Young’s Modulus (MPa) 48,000
Yield Strength (MPa) 22.6
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Fig. 8 The SWT method life curve
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Fig. 10 Failure type of the solder joints TR AU
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