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Abstract : Zirconia has attracted attention for its potential antibacterial activity and good 

mechanical performance. It is widely used as a bulk material to produce femoral heads of hip 

prothesis. The reactivity of the devices is directly linked to the properties of the surface in 

contact with the biological environment. The use of thin films can enhance these 

performances, thanks to the fine control of the roughness and porosity at a very local range 

[1]. Among all PVD deposition techniques, magnetron sputtering using oblique angle 

deposition (OAD), allows the growth of films dominated by the “shadowing effect”. This 

mailto:aurelien.besnard@femto-st.fr


  19th International French-Polish Conference on Reactivity of Solids 22-24 April 2026, Cluny (France) 
 

 
- 2 - 

specific configuration induces an inclined columnar microstructure and a higher porosity and 

roughness. 

To investigate various incidence configurations, a custom-designed substrate holder was 

employed [2]. It consists of a base plate onto which individual holders are mounted, each with 

a specific out-of-plane inclination (substrate tilt angle θ) and two possible in-plane 

orientations (substrate orientation angle Φ). The target-to-substrate distance was fixed at 85 

mm, and the center of each substrate was positioned 30 mm from the system’s central axis. A 

schematic representation of the system geometry is shown in Figure 1. Seven substrate tilt 

angles θ were available on the substrate-holder: 15, 30, 45, 60, 75, and 85°, each with two 

possible in-plane orientation angles Φ: 0° (facing the target) and 180° (facing the chamber 

wall). Using SIMTRA simulations, six [θ; Φ] configurations were selected to cover a wide 

range of incidence angles α, from 7° to 74° [3]. Structural analyses were conducted via X-ray 

diffraction, while microstructure and surface morphology were examined using scanning 

electron microscopy and atomic force microscopy. Nanoindentation tests were performed to 

assess hardness and elastic modulus. Wettability was assessed on a contact angle meter 

system using two liquids (physiological water and ethylene glycol). The antibacterial activity 

of ZrO2 films was examined according to the standard plate count method against Gram-

positive pathogens (Staphylococcus aureus ATCC 29213). 

Results revealed that increasing the incidence angle α from 7 to 74° significantly affected 

surface morphology, microstructure, film thickness, and columnar tilt. The hardness and 

Young’s modulus of the films remained constant for incidence angle α between 7 and 50°, but 

decreased with the increasing incidence angle α. The films exhibit neither distinctly 

hydrophobic nor hydrophilic behavior at incidence angles α below 45° while at incidence 

angles α above 45°, corresponding to more inclined columns and increased surface roughness, 

the films become hydrophobic for both liquids. Furthermore, the films exhibited strong 

antibacterial activity against Gram-positive pathogens (Staphylococcus aureus), particularly at 

the highest incidence angle α, with inhibition rates exceeding 90%. 

 

 
Figure 1: Principle of the OAD technique: (a) Schematic representation of the system 

geometry showing the out-of-plane substrate tilt angle θ and the in-plane substrate orientation 



  19th International French-Polish Conference on Reactivity of Solids 22-24 April 2026, Cluny (France) 
 

 
- 3 - 

Φ; (b) Illustration of the inclined columnar microstructure (column tilt angle β) formed within 

the deposited film due to the incidence of the flux (angle α). 
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