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ABSTRACT

Formation of whiskers on the surface of polycrystalline metallic coatings is observed for a couple
of materials and substrates. Economically most relevant are tin (Sn) coatings on copper (Cu)
substrates as those are very frequently employed in the electronics industry. The growth of long
tin whiskers can lead to short circuits that render electronic equipment useless and, therefore,
have been an area of significant research interest, in particular since the regulatory ban on lead
resulted in increased downstream processing temperatures that affect the deliberately controlled
microstructure of previously deposited coatings [1].

Despite considerable characterization and modeling efforts in this field, the prediction of whisker
growth locations and associated mitigation is elusive at the moment [2]. It is believed that
whisker formation is one possible way for the coating to relieve stress resulting from swelling
due to intermetallic compound (IMC, mainly Cu6Sn5) growth and net Cu uptake starting at the
interface between the Sn grain boundaries and the Cu substrate. The evolution of diffusive and
convective (via plastic deformation) mass flow of tin in response to the continuously increasing
volume fraction of IMC is a coupled problem at the heart of whisker formation. To simulate
the coupled response of a Sn coating on a Cu substrate as a function of time, the open-source
software DAMASK [3] is utilized to integrate (i) the elastoviscoplastic response of strongly
anisotropic Sn, (ii) the time-dependent growth of IMC resulting in local volume dilation close
to Sn grain boundaries (GBs), and (iii) volume changes mediated by vacancy diffusion that is
concentrated within the GB network, into a multi-physics simulation framework that will allow
to study which aspects are decisive for whisker generation. Among the open question we aim to
help clarify are the role of (i) initial texture in connection with the plastic and elastic anisotropy
of tin, (ii) hydrostatic stress gradients, and (iii) grain boundary plane inclination.
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