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Megan J. Cordill, Daniel Kiener, Correlative Microstructure and Topography In-
formed Nanoindentation of Copper Films, Surface & Coatings Technology (2016), doi:
10.1016/j.surfcoat.2016.07.104

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.surfcoat.2016.07.104
http://dx.doi.org/10.1016/j.surfcoat.2016.07.104


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
1 

 

 

 

Correlative Microstructure and Topography Informed Nanoindentation of 

Copper Films 

Stephan Bigl
1
, Thomas Schöberl

2
, Stefan Wurster

1
, Megan J. Cordill

2
, Daniel Kiener

1
 

1
 Department of Materials Physics, Montanuniversität Leoben, Jahnstrasse 12, 8700 Leoben, 

Austria 

2
 Erich Schmid Institute of Materials Science, Austrian Academy of Sciences, Jahnstrasse 12, 

8700 Leoben, Austria 

 

Corresponding author: Stephan Bigl, Department of Materials Physics, Montanuniversität 

Leoben, Jahnstrasse 12, 8700 Leoben, Austria,  

stephan-paul.bigl@stud.unileoben.ac.at 

Abstract: 

The effect of residual inorganic elements on the local plastic deformation behaviour of two 

different copper films was investigated. It was found that a film containing inorganic elements 

in the ppm range, has a distinctively higher hardness at twin boundaries and high angle grain 

boundaries compared to the grain interior. An almost pure copper film shows no distinct 

difference regarding the plastic deformation compared to the same microstructural features. 

The results suggest that such residual elements form hard boundaries, leading to higher 

hardness on a local microstructural level. Moreover, the influence of the local topography was 

demonstrated. The use of atomic force microscopy before and after indentation illustrated that 

significant errors in the determination of hardness occurs when the local surface topography 

matches the dimensions of the indenter tip. This was further confirmed by the quantitative 

comparison of the elastic properties of the loading and unloading segments of the 

corresponding load-depth curves using Hertzian contact mechanics and the Oliver-Pharr 

method. It is demonstrated that the measured hardness values can be directly correlated to 

local microstructural and topography features.  
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