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Summary: Diffusionally accommodated interfacial sliding between a metal and an inorganic non-
metal has been analytically modeled and experimentally studied previously.  �is phenomenon occurs 
when the metallic component of the composite (or laminate) is heated to a high enough homologous 
temperature (T/TM) where diffusional processes such as creep become important.  Chemical potential 
differences created along the length of the interface drive diffusional flux, and makes one component 
of the composite (e.g., the fiber) slide relative to the other (e.g., the matrix).  �is effect can cause fiber-
ends to protrude or intrude relative to the matrix, or for thin film lines to migrate relative to a substrate.  
�e effect becomes increasingly important with decreasing scale, and can be of substantial impact 
in next-generation electronic devices, where cylindrical Cu (copper) through-silicon-vias (TSVs) are 
embedded in a Si (silicon) device.  �is paper first reviews the constitutive model for interfacial sliding 
under applied stress and voltage gradients, and then reports experimental results on these effects in 
TSV-Si composites.
In 3-dimensional (3D) electronic packages, numerous TSVs, which are typically 10-100µm in 
diameter, run through the thickness of a Si electronic device (chip), providing electrical interconnection 
between multiple chips, which are stacked on top of each other.  In addition to reducing the footprint 
of the overall electronic component, this architecture results in much shorter communication bus-
lengths, which results in faster performance and much lower energy consumption.  �e interfaces 
between Cu and Si, however, are subject to diffusional sliding, which can lead to intrusion/protrusion 
of the Cu relative to Si during thermal cycling, or when an electric current is passed through the TSVs.  
�ermal activation for interfacial diffusion is provided by Joule heating, whereas the driving force for 
diffusion is provided by stress-gradients due to the thermal expansion mismatch between Cu and Si, or 
by the voltage-gradient associated with the current passing through the TSV.  �ermal cycling (TC) 
and electromigration (EM) experiments were conducted on a chip containing 10µm TSVs under 
various conditions.  It was observed that TC results in symmetric protrusion/extrusion of TSVs from 
both surfaces of the chip, whereas EM results in protrusion from one surface and intrusion into the 
other surface.  �e effects due to TC were simulated via finite element modeling (FEM), accounting 
for diffusionally accommodated interfacial sliding, as well as creep of Cu.  �e results were found to 
depend on the initial stress state of the Cu TSVs prior to TC.
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