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Abstract

The Au, Cu, Ni and Sn are the most common materials in the solder joints of
electronic packages. In this thesis, the Au/Sn/Ni, Au/SnPb/Ni, Ni/Sn/Cu and
Au/Sn/Cu ternary diffusion couples were used to investigate the solder volume
effect on the cross-interaction. All the materials were electroplated on the
structure. The diffusion couples were aged at 160°C for different periods of time.
With this technique, the diffusion couples were assembled without experiencing
any high temperature process, such as reflow, which would have accelerated the
interaction and caused difficulties in analysis.

This thsis revealed that the cross-interaction of Au/Sn/Ni and Au/SnPb/Ni
could occur in as short time. The difference in migration Kinetics of AuSn, in
eutectic PbSn and SnAg was ascribed to the difference in the magnitudes of the
Au flux and the Ni flux. In eutectic PbSn, the Au flux was much greater than that
of the Ni flux, and the Au and Ni flux were of the same order of magnitude in
eutectic SnAg. The relative magnitude of the Au and Ni flux changed in eutectic
PbSn and SnAg because the homologous temperatures of PbSn and SnAg were
different.

The cross-interaction of Ni/Sn/Cu could occur in as short as 30 min. A
detailed atomic flux analysis showed that the Cu flux through the Sn layer was
about 25-40 times higher than the Ni flux. Moreover, it was found that
(Cuy«Niy)eSns on the Ni side reduced the consumption rate of the Ni layer, and
the cross-interaction also reduced the CusSn thickness on the Cu side.

The cross-interaction of Au/Sn/Cu could occur in as short as 1 hr. Evidence
of this cross-interaction included the formation of (CuAuy)eSns on the Au side
of the diffusion couples as well as on the Cu side. The reaction products on the



Au side included the Au-Sn binary compounds. Between the Au-Sn compounds
and the Sn was (Cu;.xAu,)eSns. The reaction products on the Cu side initially was
only (CuyxAuy)sSns, but a layer of Au-free CusSn eventually formed between
(CuixAuy)sSns and Cu. The results of this study show that the cross-interaction of
Au and Cu in solders is extremely rapid, and cannot be ignored in those solder

joints that have both elements present.
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