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Abstract: The ball shear force was investigated in terms of test parameters, 1.e. displacement rate and
probe height, with an experimental and non-linear finite element analysis for evaluation of the solder joint
integrity in area array packages. The increase in the displacement rate and the decrease in the probe height
led to the increase in the shear force. Excessive probe height could cause some detrimental effects on
the test results such as unexpected high standard deviation and probe sliding from the solder ball surface.
The low shear height conditions were favorable for assessing the mechanical integrity of the solder joints.
The mechanical and electrical properties of the Sn-37Pb/Cu and Sn-3.5Ag/Cu BGA solder joints were
also investigated with the number of reflows. The total thickness of the intermetallic compound (IMC)
layers, consisting of CusSns and Cu;Sn, was increased as a function of cubic root of reflow time. The
shear force was increased up to 3 or 4 reflows, and then was decreased with the number of reflows. The
fracture occurred along the bulk solder, in irrespective of the number of reflows. The electrical resistivity
was increased with increasing the number of reflows.

Keywords: BGA (ball grid array), tin-silver (Sn-Ag) solder, shear test, finite element analysis, electrical
resistivity
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Fig. 1. BGA ball shear conditions employed in previous publications: (a) displacement rate and (b) probe height.
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Table 1. Linear elastic material properties for BGA assemblies.

Material Youn%:/ﬂl:/:))dulus Pc;isast(i)él's I()gtjg:t}})f
Sn-37Pb 29,800 0.40 8.4
Sn-3.5Ag 49,800 0.40 7.5
Cu 117,000 0.34 8.9
Ni 213,000 0.31 8.9
BT Substrate 14,000 0.39 1.2

Table 2. Input parameters for steady state creep analysis

A (1/sec) o (1/KPa) m O/R (K)
Sn-37Pb  1.09E7 8.7E-5 0.316 9,400
Sn-3.5Ag  9.00E5 4.5E-4 0.182 8,690
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Fig. 2. SEM micrographs of (a,c) Sn-37Pb and (b) Sn-3.5Ag solder joints after (a,b) as-reflow and (c) aging at 150°C

for 100 hr.
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Table 3. Comparison of solder ball shape between actual
and predicted models

Sn-37Pb Sn-3.5Ag
Actual Predicted Actual Predicted
diir(ﬁ:ti:rr ?illr'n) 751 5367 5539 5547
hse‘i’;e[r (:’;111) 353.6 3544 3943 3921
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