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INTRODUCTION: In Canada, healthcare 
associated infections (HCAI) are the 4th leading 
cause of death in the country [1]. Since 
environmental surfaces have been recognized as a 
primary source in the bacteria transmission, 
antibacterial coatings represent one of the main 
strategies to reduce HCAI. In the last 5 years, 
antibacterial (AB) coatings using silver have gained 
increased interest due to decline of useful 
antibiotics. Its strong AB activity has been 
attributed to the release of silver ions. In previous 
works, a silver doped diamond-like carbon (Ag-
DLC) coating has been produced using a one-step 
plasma process [2]. However, its success as an 
antibacterial platform hinges on the ability to 
control the kinetics of silver ions released from the 
coating [3]. More specifically, a critical step for 
controlling silver release depends on the 
mechanism in which silver is oxidized to produce 
silver ions. Based on the previous statement, this 
study presents the direct oxidation of silver in a 
DLC matrix using plasma engineering processes. 
METHODS: Thin films are prepared on cleaned 
(100)-oriented single silicon wafers. Pure Ag-DLC 
samples [2], are used as control samples. Silver 
oxide in amorphous carbon (AgxOy/a-C:H) films 
are introduced during CH4 deposition by plasma 
vapor deposition using a RF magnetron reactive 
sputtering gun with an oxidized silver target, 
obtained from a silver target previously oxidized in 
a plasma immersion ion implantation (PIII) 
system. PIII produces a high-dense plasma that 
fills the chamber once the oxygen gas is injected 
and ionized by RF power (150 W). A high pulsed 
potential (-10 kV) is then applied to the sample for 
2 h, creating a uniform implantation. The chemical 
composition was assessed by XPS and the surface 
morphology using AFM.   
RESULTS: As depicted in Table 1, the average 
silver atomic concentration, obtained from XPS 
analyses, is strongly dependent on the power 
applied in the magnetron sputtering gun. Indeed, it 
varied from 1.1 to 11.0 at. % for a power of 5 W to 
20 W, respectively. On the other hand, Figure 1a 
presents the surface images of Ag-DLC samples 
with a 4.7 Ag at. % and showing a nano-smooth 
topography attributed to DLC coatings with a RRMS 
of 0.9 ± 0.2 nm and a particle size of 19 nm. Whilst 

AgxOy/a-C:H sample displays highly dense 
clusters of Ag NPs with higher size particle 
average, around 24 nm, and a measured RRMS of 
4.7 ± 0.1 nm.  
Table 1. Silver (Ag) concentration for different 
applied power. 

Power (W) Ag content (at. %) 
5  1.1 ± 0.1 
7 2.69 ± 0.04 

10 3.8 ± 0.3 
15 7.63 ± 0.06 
20 11.0 ± 0.6 

 
Fig. 1: Surface images of (A) 4.7 at. % Ag-DLC with 
a size particle average of 19 nm and (B) 26 Ag at. % 
AgxOy/a-C:H with a size particle average of 24 nm.  
DISCUSSION & CONCLUSIONS: Although 
silver content in DLC films can be controlled by 
the modulation of the applied power, direct plasma 
oxidation can be used as an alternative approach to 
variate the release of silver ions. In this case, 
AgxOy/a-C:H coating is expected to increase the 
release of silver ions in comparison with Ag-DLC, 
since the higher oxygen content enhances 
oxidative dissolution, while maintaining the DLC 
physical characteristics. Thus, these simple and 
innovative plasma-based approaches offer the 
ability to tune the release, and therefore AB 
activity, of the silver-containing coatings.   
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