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Abstract

Mathematical models suggest that the strain along the film formed by parallel passes of a nanoindentation probe in
contact with the film can be either homogenous or heterogeneous, depending on contact pressure and spacing
between passes. In this study, a 1 um copper thin film was worn with a cono-spherical diamond probe with normal
loads ranging from 25-800 puN and wear box edge lengths of 40, 60, and 80 um. The nanoindenter counterface was
rastered across the surface to mimic dry sliding wear. To determine potential strain field changes, 10-step quasi-
static indents (200-2000 puN) were performed using nanoindentation inside the wear boxes created at various loads
to determine if a strain field alteration could be observed in changes in hardness of the copper thin film. It was
shown that there was a softening effect in the hardness for normal loads < 400 uN used during nanowear compared
to the as-deposited copper. Normal loads > 400 uN had a similar or higher hardness than the as-deposited copper.
This is believed to have occurred due to a relaxation in the residual stresses created during deposition in the copper
thin films at lower loads, which caused a decrease in hardness. Conversely, at the higher loads, increased
deformation leads to an increase in hardness. Additionally, all of the wear boxes displayed a higher estimated strain
hardening exponent than the as-deposited material.
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1. Introduction

For industrial products and applications, engineers need to be able to control wear at the nanoscale and
accurately predict component lifetimes. To achieve this end, fundamental experimental and theoretical studies on
nanotribology have significantly increased in recent years [1, 2]. Since both the mechanisms and magnitude of the
wear events are specific to the system’s parameters, this work seeks to address wear that could occur in electronic
components whose surfaces are in contact with a secondary surface during use. Examples of this type of contact
might include the insertion of electrical connectors onto pads (pins) and microelectromechanical systems (MEMS)
devices that have moving or rubbing surfaces [3, 4]. While all these systems might experience wear, the loading
conditions are uniquely situated for each. Electrical connectors often undergo either linear sliding contact by the
repeated insertion and removal of the plug-in or repeated relative surface motion caused by vibrations during
operation. Both loading conditions can cause damage or wear, respectively referred to as sliding or fretting wear [5-
7]. To replicate these loading conditions, researchers are either developing new pieces of characterization equipment

or modifying existing characterization systems that were previously used for small scale normal loading, such as
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