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A Study on the Thermal Fatigue of Solder Joint by Package Types
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Abstract

Solder joint is the weakest part which connects in mechanically and electronically between package
body and PCB(Printed Circuit Board). Recently, the reliability of solder joints become the most critical
issue in surface mounted technology. The solder joint interconnection between plastic package and PCB
is susceptible to shear stress during thermal storage due to the mismatch in coefficient of thermal
expansion between plastic package and PCB. A general computational approach to determine the effect
of solder joint shape on the fatigue life presented. The thermal fatigue life was estimated from the
engelmaier equation which was obtained from the temperature cycling loading(-65 € to 150 ).

As result of the simulation, TSOP structure has the shortest thermal fatigue life and the same
structure Copper lead has 2.5 times as much fatigue life as Alloy 42 lead. In BGA structure, fatigue
life time extended 80 times when underfill material exists.
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Table 1 Material properties of 63Sn-37Pb solder y= V3¢ )
Temperature(<T) Alw/hr) n 20 AIS
65 6.545x 10" 9.2 TR
0 3.57x10" 5.6 B4 e R8s dY =289 ABAQUSE AH4
25 1.975x10° 4.7 st} Fig. 12 sidel A1gd #7)x £3d 94
50 6.417x10" 3.9 T+ Z & a)tE TSOP(Thin Small Outline
100 7.044x10° 3.0 Package), b)E SOJ(Small Outline J-lead), ¢)&
150 2.089x10” 2.4 BGA(Ball Grid Array) #2% vebdth =g 7z}
Table 2 Material properties used for analysis
Component | Chip Solder PCB Lead EMC |Substrate| Tape |Adhesive|Underfill
Material Si 63Pb-37Sn| FR4 Alloy42 - BT Resin - - Epoxy
Young s |y geps | 200R4 | 1.79E4 | 1.45E5 | 2.50E4 | 1.20E4 | 4.53E3 | 2.00E4 | 1.45E4
Modulus(MPa)
p°gsa‘gf)‘ 1025 04 0.185 | 030 | 023 | 039 | 045 | 030 | 0.8
CTE (ppm/¢C) 2.3 21 16 4.5 11 15.0 29 140 20
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Table 3 Node and element used for analysis
Package type Cr.ee‘f, Nf
Package type | Element(EA) Node(EA) strain(%) (Cycle)
TSOP 1778 2042 TSOP 2.93 293
S0dJ 1681 1924 SOJ 1.64 1250
BGA 1013 1146 BGA 2.29 527
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Table 5 Effect of underfill on fatigue life
{a) No underfill
Angle | Creep strain (%) | Fatigue Life (Cycle)

=70 3.40 204
-50 3.17 357
-30 3.19 238
0 3.74 160
30 4.16 123
50 4.79 86

70 6.19 45

(b) Underfil
Angle Creep strain (%) | Fatigue Life (Cycle)

-70 1.520 1204
-50 1.220 2054
-30 1.120 2527
0 0.909 4196
30 0.908 4207
50 0.956 3712
70 0.966 3620
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