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Study on the Prediction of Fatigue Life of BGA Typed Solder Joints

Kim, Seong Keol” and Kim, Joo-Young'

L Abstract j,

Thermal fatigue life prediction for solder joints becomes the most critical issue in present microelectronic packaging
industry. And lead-free solder is quickly becoming a reality in electronic manufacturing fields. This trend requires
life prediction models for new solder alloy systems. This paper describes the life prediction models for SnAgCu and
SnPb solder joints, based upon non-linear finite element analysis (FEA). In case of analyses of the SnAgCu solder
joints, two kinds of shapes are used. As a result, it is found that the SnAgCu solder has longer fatigue life than
the SnPb solder in temperature cycling analyses.
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Fig. 1 Schematic drawing of solder joints

Table 1 Dimensions of the geometry(mm)

Material Length | Width | Thickness | Diameter

BT 0.810 | 0.810 0.150 None

FR4 0.810 | 0.810 0.653 None

Copper pad | None | None 0.027 0.270

Solder joint

(Convex) None | None 0.250 0.418

Solder joint

(Concave) None | None 0.375 0.225
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Table 2 Material Properties used in the model

Poisson CTE

Material E(GPa) ratio | (ppm/C)
BT 26 0.11 15
FR4 22 0.11 18
Copper pad 120 0.34 17
Solder alloy Temperature
0.34 225
(Sn95.5Ag4Cu0.5) | dependent
Solder alloy 35 034 25.5

(63Sn37Pb)

Table 3 Young’s modulus of solder alloy

Temperature(K) E(GPa)
223 57.32
273 54.21
298 52.00
398 45.84
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Table 4 Thermal cycle profile

Low temperature (C) -55
High temperature (C) 125
Ramp down time (sec) 900
Dwell low time (sec) 900
Ramp up time (sec) 900
Dwell high time (sec) 900
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Fig. 2 Thermal cycling

Table S Anand’s constants for solder ball alloy

Constant | Parameter | Sn95.5 Ag4 Cu0.5 | 63Sn 37Pb Meaning
C So(MPa) 1.0 12.41 Initial value of deformation resistance
C Q/R(1/K) 8400 9400 Activation Energy/Boltzmann’s constant
G A(1/sec) 4.61E6 4.0E6 Pre-Exponential Factor
Cs g 0.038 1.5 Multiplier of stress
Cs m 0.162 0.303 Strain Rate sensitivity of stress
Cs ho(MPa) 3090 1378.95 Hardening Constant
C; s(MPa) 1.04 13.79 Coefficient of deformation resistance saturation value
Cs n 4.6E-3 0.07 Strain Rate sensitivity of saturation value
Co a 1.56 1.3 Strain Rate sensitivity of hardening
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(b)
Fig. 3 Contour plots of convex typed solder joints (Sn95.5-Agd4-Cu0.5)

(b)
Fig. 4 Contour plots of convex typed solder joints (63Sn-37Pb)

ANSYS

b
Fig. 5. Contour plots of concave typed solder joints (Sn95.5-Ag4-Cu0.5)
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Table 6 Darveaux (K~Ks) crack growth comelation

constants

Constant Value
K 22400(cycle/psi)
K -1.52
K; 5.86E-7(in/cycle/psi)
K 0.98

Caiculate Strain
Energy
Accumulated per Cycle

I

Calculate Number
of Cycles
to Crack Initiation

I

Calculate
Crack Growth Rate

I

[ Calculate Fatigue Life |
Based on
Joint Length

Fig. 6 Algorithm for analysis of fatigue life prediction
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Table 7 The results of analyses of fatigue life prediction

Sn95.5 Ag4 Cu0.5 63Sn 37Pb Sn95.5-Ag4-Cu0.5

Convex Concave
AWae (psi) 52.97 58.78 40.77
No (cycle) 53 46 80

da/dN (in/cycle) 0.286E-4 0.317E4 0.221E-4
a (in) 0.0106 0.0106 0.0106
a(daldN) (cycle) 371 334 478
Nr 424 380 558
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