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Cu-Ni cross-solder interaction in Cu/Sn-58Bi/Ni
interconnect undergoing liquid-solid electromigration
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Abstract: Cu/Sn-58Bi/Ni interconnect was prepared by dip-soldering, the effects of liquid-solid electromigration
liquid-solid electromigration (L-S EM) on the Cu-Ni cross-solder interaction and the interfacial reaction in
Cu/Sn-58Bi/Ni interconnects were investigated at current density of 5X 10*> A/em? and 170 °C. Regardless of the current
direction, a polarity effect is observed in Cu/Sn-58Bi/Ni interconnects undergoing liquid-solid electromigration (L-S EM),
i.e., the interfacial intermetallic compound (IMC) at the anode grows continuously and is obviously thicker than that at
the cathode. EM significantly enhances the interaction between Cu and Ni atoms. When electrons flow from Ni to Cu, the
diffusion of Ni atoms are significantly enhanced by the combining effect of chemical potential gradient and electronic
wind, resulting in the formation of (Cu,Ni)sSns at the anode Cu interface, while a certain amount of Cu atoms diffuse to
the Ni cathode interface under upwind diffusion, resulting in the formation of (Cu,Ni)sSns. When electrons flow from Cu
to Ni, a large number of Cu atoms diffuse to the anode Ni interface, resulting in the formation of (Cu,Ni)sSns IMC.
However, Ni atoms are difficult to diffuse to the cathode Cu interface under upwind diffusion, thus, CugSns IMC remains at
the cathode. Furthermore, regardless of the current direction, Bi atoms do not segregate undergoing electromigration (EM).
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Fig. 1  Schematic diagram of Cu/Sn-58Bi/Ni line-type

interconnect during liquid-solid EM
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Fig. 2 Microstructures of as-soldered Cu/Sn-58Bi/Ni
interconnect after soldering at 200 “C for 15 s: (a) Macrograph;

(b) Ni interfacial IMC; (c) Cu interfacial IMC
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Fig. 3 Microstructural evolution of Cu/Sn-58Bi/Ni solder joints during liquid-solid interfacial reaction at 170 C: (a), (b) 1 h;

(©), (d) 2h; (e), () 4 h; (), () 8h
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Fig. 4 Growth kinetics of interfacial IMC during liquid-solid
reaction at 170 ‘C
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Fig. 5 Microstructural evolution of Cu/Sn-58Bi/Ni interconnects undergoing L-S EM at 170 ‘C and 5X10° A/cm® (electrons
flowing from Ni side to Cu side): (a), (¢), (), (g): Cathode interface; (b), (d), (f), (h): Anode interface; (a), (b) 1 h; (c), (d) 2 h; (e), (f)

4h; (g), () 8h
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Fig. 6 Growth kinetics of interfacial IMC during L-S EM at
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Fig. 7 Mlcrostructural evolution of Cu/Sn-58Bi/Ni interconnects undergomg L-S EM at 170 “C and 5X10° A/em’ (electrons
flowing from Cu side to Ni side): (a), (¢), (€), (g): Anode interface; (b), (d), (f), (h): Cathode interface; (a), (b) 1 h; (c), (d) 2 h; (e), ()
4 h;(g), (h)8h
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Fig. 8 Growth kinetics of interfacial IMC during L-S
electromigration at 170 C (electrons flowing from Cu side to

Ni side)
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