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Electromigration Induced Cu Dissolution in Flip Chip Packages

The phenomenon of Cu dissolution induced by electromigration at flip chip solder
joints is reported. A pair of eutectic Sn-Pb solders interconnected between a Si chip
and a FR4 substrate is under current stressing with opposite electron current direction.
The local current density in the solder ball and in the Cu conducting trace is 2x104
Alcm2 and 4.6x105 A/cm2 respectively. The ambient temperatures are set at 70 oC
and 100 oC. The under-bump metallization (UBM) on the chip side is the Cu pad with
a conducting trace and on the substrate side is Au/Ni/Cu three-layer structure.

No matter what ambient temperature is, the solder joints failed due to an asymmetrical
and localized dissolution of the Cu metallization on the cathode side. The rate of Cu
dissolution at the ambient temperature of 100 oC is faster than at 70 oC. The
dissolved Cu, including the Cu pad and the Cu conducting trace on the chip side,
migrated into solder to form the Cu6Sn5 intermetallics deposited on the substrate side.
The Cu atoms drifted to the anode side due to electromigration induced by high
current density and current crowding effect caused by huge gradient of current density.
The dissolution of Cu coincides with solder back-filled. The site of failure was at the
conducting trace that had been back-filled with solder, where a much greater current
density was present due to a smaller cross-section.

An in-situ experiment is taken at the current density of 4x104 A/cm2 and room
temperature of 30 oC. The phenomenon of Cu dissolution can also be observed on the
chip side. Thus, Cu dissolution can be induced at room temperature when the current
density is high enough.

The phenomenon of Cu dissolution does not happen on the substrate side, because this
Cu is protected by a layer of Ni. Controlling the thickness of Ni UBM can inhibit the
electromigration effect in flip chip packages because the Ni has good electromigration
resistance.



