92

Sn-3.5Ag, Sn—-3.5Ag-0.7Cu, Sn-3.5Ag-3.0In-0.5Bi Solder&
o} &3 UBGA Solderd @i dulz 4o

* -
A" - 43
*%0}_ .

*

. 7&%‘3]** . /\]o:]g]*

- 1 O

Jeheta 1A 3o

oAb SE FHATLE AN

Prediction of Thermal Fatigue Life on pBGA Solder Joint Using Sn-3.5Ag, Sn-3.5Ag-0.7Cu
and Sn-3.5Ag-3.0In-0.5Bi Solder Alloys
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Abstract

This paper describes the numerical prediction of the thermal fatigue life of a xBGA(Micro Ball Grid Array) solder
joint. Finite element analysis(FEA) was employed to simulate thermal cycling loading for solder joint reliability. Strain
values, along with the result of mechanical fatigue tests for solder alloys were then used to predict the solder joint

fatigue life using the Coffin-Manson equation.

The results show that Sn-3.5mass%Ag solder had the longest thermal fatigue life in low cycle fatigue. Also a
practical correlation for the prediction of the thermal fatigue life was suggested by using the dimensionless variable 7,
which was possible to use several lead free solder alloys for prediction of thermal fatigue life.

Furthermore, when the contact angle of the ball and chip has 50 degrees, solder joint has longest fatigue life.
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Table 1 Mechanical properties of components of

#BGA
o E |CTE
(ke/mm®) | (GPa) | (ppm) ’
Si chip 2.33E-6| 188 | 2.3 {025
Encapsulant 1.776-6{ 254 | 164 | 04
Elastomer 1.03E-6| 0.25 | 220 | 0.45
Cu pad 8.92E-6| 119 17 10.343
Base film 1.6E-6 4 17 10.35
s Sn-37Pb 8.42E-6| 258 | 214 | 04
‘1) Sn-3.5Ag 7.36E-6| 43.2 | 30 | 0.3
(el Sn-3.5Ag-0.7Cu | 7.4E-6 | 45.1 | 23 | 0.3
' Sn-3.5Ag-3In-0.5Bi | 7.4E-6 | 42.0 | 25 | 0.3
PCB 1.03E-6| 0.25 | 22 | 0.45
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Table 2 Fatigue constant of four different solder

alloys
Sn-3.5Ag-3In
Sn-37Pb| Sn-3.5Ag | Sn-3.5Ag-0.7Cu .
-0.5Bi
Cc| 024 0.9 0.46 0.60
al 0.49 0.5 0.43 0.51
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Table 3 Elastic-plastic strain of solder joint

Teyete (K) Sn-37Pb | Sn-3.5Ag |Sn-3.5Ag-0.7Cu|Sn-3.5Ag-3In-0.5Bi
293-373 | 0.000592 | 0.000267 0.000347 0.000303
or3 | 307 | 0000799 | 0.000248 0.000427 0.000317
Aea | - | 50° | 0.000599 | 0.000209 0.000321 0.000257
873 | 70 | 0.000718 | 0.000332 0.000372 0.000383
233-303 | 0.000915 | 0.000381 0.000489 0.000483
203-373 | 0.001466 | 0.003626 0.003713 0.000848
053 | 307 | 0003957 | 0.007859 0.008242 0.004778
Aey | - | 50° | 0003030 | 0.004945 0.004996 0.002363
373 1 70° | 0.007546 | 0.008768 0.008377 0.005347
233-303 | 0.006745 | 0.015806 0.014786 0.014668
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Table 4 Calculated fatigue constant of four different

solder alloys

Sn-37Pb | Sn-3.5A% | Sn-3.5A8-0.7Cu | " 1 OAE"
" n-3.5A8| Sn-3.5A6°0.7Cu | g1 4 5p;
logA| 2492 | 2774 2,565 1.716
B | -4.967 | -4.660 -5.561 -8.887

Table 5 7 and number of cycles to failure of four different solder alloys

T(K) Sn-37Pb Sn-3.5Ag Sn-3.5Ag-0.7Cu Sn-3.5Ag-3In-0.5Bi
4 Nf 14 Nf 4 Nf 4 Nf
293-373 0.399 29782 0.368 62682 0.371 91140 0.371 349119
273-373 0.562 5433 0.519 12627 0.523 13502 0.523 16507
253-393 | 0.750 1295 0.692 3304 0.698 2712 0.698 1269
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