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Abstract

Polymer/metal interfaces are ubiquitous. They can be found in numerous engineering
applications. For example, polymers are used as adhesives and coatings for metals in aircrafts,
automobiles, microelectronics, MEMS, and polymer composites are routinely used for
retrofitting damaged structures. Of particular interest to this project is the need for the
miniaturization of microelectronic devices, which has led to the emerging technology of 3D
packaging, in which numerous metal layers are bonded together by polymer dielectric adhesives.
The reliability of microelectronics devices (cell phone, computers, etc.), to a large extent,
depends on the integrity of these material interfaces, because they are often the “weakest links”,
and their failure often leads to the malfunction of the entire electronics device. Therefore,
understanding the structure-performance relationship of polymer/metal interfaces is critical in
designing, building and operating the next generation structures, components, devices.

In this paper, we present some recent results on the structure-performance relationship in
polymer/metal interfaces. In particular, cross-linked epoxy/Cu interfaces were investigated using
both full-atomistic and coarse grained molecular dynamic simulations. A significant advantage
of the coarse-grained model is its ability to simulate bond breakage, which enables the
simulation of polymer failure. Taking advantage of this new capability, we simulated the
deformation and failure of epoxy/Cu interfaces. Our results show that, upon loading,
deformation in the epoxy is highly localized to a thin layer near the Cu substrate. Such localized
deformation facilitates the definition of an interfacial zone based on the deformation
inhomogeneity, from which a cohesive zone law can be extracted. Also investigated were details
of microstructure evolution including cavitation and polymer chain stretching/scission within the
interfacial zone. In addition, effects of strain rate, temperature and epoxy molding compound’s
cross-link density were studied.
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