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Oxide layers on metal surfaces adversely affect the processability and material properties in many industrial 

applications. This research work shows the study of the correlations between oxide film thickness and the 

changes in mechanical properties. For the studies, a precise surface pressure without relative motion was applied 

by nanoindentation measurements on 99.999 % pure plasma-assisted deoxidized copper samples and samples 

covered with sputtered ultrathin oxide layers of different thicknesses. The results showed a significantly 

stronger wear behavior and a reduction in the hardness and the young’s modulus on the samples with different 

oxide layer thicknesses compared to the deoxidized samples. 
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1. Introduction 

Copper is an important material in different industrial 

applications due to its high electrical and thermal 

conductivity [1]. Nevertheless, native oxides that are 

present on copper in ambient atmosphere often influence 

the surfaces’ properties and result in poor performance in 

different industrial processes. Consequently, the 

influence of the oxide-layer thickness as well as 

deoxidizing has been the focus of research over the past 

several years [2]. The objective of this study is to obtain 

a basic understanding of the mechanical properties, as 

well as the surface pressure required to achieve plastic 

flow as a function of oxide film thickness and the 

influence of a complete removal of the oxide film. 

2. Methods 

For the experimental nanoindentations, 99.999 % pure 

copper samples were prepared by grinding, polishing and 

removing the native oxide layer by sputter etching for 20 

min with 250 W and 5.2 x 10−3 mbar with 50 sccm argon. 

Following, defined amorphous Cu2O layers of 2 nm, 4 

nm, 8 nm and 10 nm were deposited by a vacuum-based 

cathode sputtering process. To ensure the oxide layer 

thicknesses, X-ray photoelectron spectroscopy (XPS) 

investigations were carried out. The oxide-free samples 

were plasma-deoxidized using an Openair® Plasma 

treatment in argon atmosphere in a glovebox. The 

indentations were force-controlled via trapezoidal force-

displacement function in the same mentioned glove box 

containing 0.01 ppm oxygen. Before each indentation, 

the surface was scanned via atomic force microscopy.   

2.1. Results  

The samples with the applied oxide layers showed a 

lower load-bearing capacity and thus stronger wear 

behavior. A significantly lower hardness (0.71 GPa) and 

Young’s modulus (25.57 GPa) could be detected (see fig. 

1b). Furthermore, a creep behavior in the holding time 

during the indentations became visible. The indentation 

curve of the samples deoxidized with plasma treatment 

revealed a more plastic behavior, which can be seen in 

figure 1a. At the same forces, a significantly lower 

indentation depth was achieved. The samples after 

deoxidation showed values of 2.49 GPa and 112.08 GPa 

for the hardness and Young’s modulus, which is in the 

range of the literature values for pure copper.  

 
Figure 1: a) Indentation curves for copper samples with 

approx. 6 nm oxide layer thickness (blue) and deoxidized 

copper samples (red). b) Hardness and Young's modulus 

values of the samples. 

3. Discussion 

The samples with different oxide layer thicknesses 

showed significantly stronger wear behavior. Due to the 

well-known Rehbinder effect, the strength was reduced 

by oxidation. The surface pressure required to achieve 

plastic deformation was found to be dependent on the 

oxide layer thickness and decreased with decreasing 

oxide layer thickness. Due to the knowledge gained, 

more accurate predictions can be made in the future 

regarding the material behavior of Cu/ Cu2O layers under 

mechanical loading.  

For applications, such as for example roll cladding, these 

investigations could show how the settling of the plastic 

deformation and therefore a reduced degree of 

deformation can be achieved with the removal of oxide 

layers.  
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