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Abstract 
The adoption of Pb-free solders in lieu of Pb solders is 

an inevitable trend in the electronics industry.  This study 
sums up the failure modes to which the ball grid array 
packaging process is susceptible when various Pb-free 
solders, such as Sn-3.5Ag, Sn-0.9Cu, Sn-58Bi, Sn-51In, 
Sn-20In-0.8Cu, Sn-20In-2.8Ag, Sn-4Ag-0.5Cu, Sn-3Ag- 
0.5Cu and Sn-4Ag-5Cu, are employed.  Examples of 
potential failure modes include: intermetallic embrittlement, 
gold embrittlement, void formation, Ag3Sn plate formation, 
pad lifting, Sn-Bi joint degradation caused by Pb 
contamination, fatigue-induced ductile/brittle transition, Ag 
thick film dissolution, and non-wetting due to precipitation. 

Keywords: electronic packaging, lead-free solders, BGA 
package, failure analysis. 
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Fig. 1 Geometry of BGA speciments used in this 
study 
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(a) 界面介金屬型態 

 
(b) 推球試驗斷面組織 

2 Sn-20In-0.8Cu
115°C 1,000h (IM1: 
Cu6(Sn,In)5 + Ni3(Sn,In)4; IM2: Ni3 (Sn,In)2) 

Fig. 2 Sn-20In-0.8Cu solder joint in BGA pack- 
aging after aging at 115°C for 1,000 hours, (a) 
morphology of the intermetallic compounds; 
(b) fractography after ball shear test 
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Fig. 3 Morphology of the Sn-0.9Cu solder joint of 

the BGA package after (a) reflow; (b) aging 
at 150°C for 300 hours 
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AuIn2

          (a)                              (b)  
4 Sn-20In-2.8Ag 100°C 700h  

Fig. 4  Sn-20In-2.8Ag solder joint in BGA packaging after aging at 100°C for 700 hours: (a) morphology of 
the intermetallic compounds and cracks; (b) fractography after ball shear tests 
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(e) 1000h 

5  Sn-20In-2.8Ag 150°C  
Fig. 5 Voids formation for Sn-20In-2.8Ag solder joint in BGA packaging after aging at 150: (a) 100 h; 

(b) 300 h; (d) 500 h; (d) 700 h; (e) 1,000 h 
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Fig. 6 (a), (b): Platelike Ag3Sn formation for Sn-20In-2.8Ag solder joint in BGA packaging after reflow; 
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(c), (d): compared with Sn-3Ag-0.5Cu showing the solder without the phenomenon
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Fig. 7 Morphology of the Sn-3.5Ag solder joint of 

the BGA package after aging at 175°C for 
1,000 h 
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Fig. 8 Platelike Ag3Sn formation for Sn-3.5Ag 
solder joint in BGA packaging after aging at 
200°C for 300 h 
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Fig. 9 (a) Ni3Sn4, (Au,Ni)Sn4 and Ag3Sn formation 
for Sn-3.5Ag solder joint in BGA packaging 
after aging at 200°C; (b) Damage of the BT 
substrate and solder for Sn-3.5Ag solder joint 
of BGA package at 200°C for 1,000 h; (c) 
Spalling of the solder pad for Sn-3.5Ag solder 
joint of BGA package at 200°C for 1,000 h 
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Fig. 10 DSC analysis of Sn-58Bi solder with various 
Pb contents 
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Fig. 11 Ball shear strengths of Sn-58Bi solder with 
various Pb contents
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In-49Sn solder joint of the BGA package after ball shear tests; (c) IN-49Sn solder joint in BGA 
packaging showing brittle fracture after bending fatigue tests
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13 (a) Al2O3

(b) In-49Sn 275°C
15  

Fig. 13 (a) Cross-sectional image of Ag thick layer 
on Al2O3 substrate; (b) Cracks formation 
for Ag thick layer with I-49Sn solder 
reaction at 275°C for 15 minutes 
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Fig. 14 Morphology of two solder joints of the BGA 

package after reflow 
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