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Polarity effect of electromigration and its influence on
tensile properties of Sn-3.0Ag-0.5Cu lead-free solder joint

YAO Jian, WEI Guo-qiang, SHI Yong-hua, GU Feng

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The butting solder joint of Cu/Sn-3.0Ag-0.5Cu/Cu was used to investigate the evolution of the intermetallic
compound (IMC) at the anode and cathode interface, and the degradation of the tensile strength of solder joint with
different electric current stressing times, by a scanning electron microscope equipped with energy dispersive spectrometer
and micromechanical test. Meanwhile, the fracture of solder joint was also evaluated. The results show that under the
condition of J=1.78 X 10* A/em” and T=373 K, with increasing the current stressing time, the growth of interfacial IMC
presents an obviously polarity effect, the IMC thickens at the anode surface and thins at the cathode surface, and the
growth of the interfacial IMC at anode follows a parabolic growth rule. The ultimate tensile strength of the solder joint
declines continuously. The fracture mode gradually transforms from plastic fracture to brittle fracture, and the fracture
position transfers from the middle to the cathode interface of solder joint.
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Fig.1 Schematic diagram of sample assembly
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Fig.2 Marcrostructure of polished solder joint
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Fig.3 Micrographs of interfacial IMC before(a) and after((b),
(c)) current stressing at J=1.78X10* A/em? and 7=373 K for
200 h: (a) Before electric stressing; (b) Anode; (¢) Cathode
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Fig.4 EDS composition analysis results at interface of anode
shown in Fig.3(b): (a) Point 1; (b) Point 2; (c) Point 3
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Fig.5 Micrographs evolution of interfacial IMC at anode (left) and cathode (right) with stressing time: (a), (b) 30 h; (c), (d) 60 h;

(e), (f) 120 h; (g), (h) 200 h
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Fig. 6 Change of interfacial IMC thickness with electric

stressing time
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Fig.7 Influence of electric stressing time on ultimate tensile

strength of solder joints
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Fig.8 Morphologies of fracture surface
after different electric stressing times:
(a) 0 h; (b) 30 h; (c) 60 h; (d) 120 h;
(e) 200 h
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