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A Study of the High Reliability in Plastic BGA Solder Joints
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Abstract

The increase in high speed, multi-function and high I/O pin semiconductor devices highly
demands high pin count, very thin, and high density packages BGA is one of the solutions, but
the package has demerits in package reliability, surface mounting problems due to the PCB
warpage and solder joint crack related with TCE mismatch between the materials. On this study to
verify the thermal fatigue lifetime of the solder joint FEM and experiments were performed after
surface mounting BGA with different solder composition and rehability conditions FEM showed
optimum composition of Ag3 5-Sn96.5 and under the composition minimum creep deformation of
the solder joint was calculated, and the thermal fatigue lifetime was improved In view of
temperature cycle condition, the conditions of 65T to 150C showed minimum lifetime and it was
1/3 of 0C to 125C condition. Test board was prepared and solder joint crack was verified Until
1000cycle on soder joint crack was observed
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Table 1. Material properties of 63Sn-37Pb

Table 2. Material properties used for analysis

Component Dimension| E , 2
1po {mm) |(MPa) (ppm/T)
- 24(W) .
EMC | gy (1484 024 | 110
Die 9 9(W)
9
(silicon) 032(H) |t 9E5| 028 26
-50C 03
b r
(icgi) 1726((\?{)) 1 1E4|25Cc 028, 150
120C 0 3
Solder 076(W) |, ’
(63sn-37Pb)| 06(H) |2 VB4 03T 21 4
Substrate 27(W) [
(BT Resin) | 0 56(H) 12E4 039 150

solder
Temperature();  A(MPa/hr) n

-65 6 b4hE-17 92
0] 3 57E-10 56
25 1 975E-8 47
50 6 417E-7 39
100 7 044E-5 30
150 2 089E-3 24
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Fig. 2 Finite element mesh for 256-pin BGA
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Table 3. Thermal fatigue life with the
Temperature cycle conditions

No Temperature Crecp N,
condition(<C) strain(%) {Cycle)
1 -65~150 ! 501 770
2 -55~125 3 85 1550
3 0~125 164 3210
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Table 4. Thermal fatigue life with the stand-

off height
Dimension| Nf
Shape Model (mm) (Cycle)
L
L04
Convex H 770
HO6
LO4
Concave 3850
HO09
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Table 5. Creep strain with the solder material

Creep

No Solder A Solder B strain (%)

1 633n-37Pb 635n-37Pb 121

2 | 35Ag-96 5Sn | 3 5Ag-96 538n 714

3 63Sn-37Pb 3 bAg-96 5Sn 24 6

4 58n-95Pb 63Sn-37Pb 24 8
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Fig 7. Experimental test board
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Fig. 9 Cross section of solder joints after
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