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Nanocolumnar Coatings: Sustainable 
Manufacturing and Applications in 
Biomedicine

Abstarct

In this lecture I will show how nanocolumnar coatings are manufactured by oblique deposition using 
magnetron sputtering, see Figure. This technique is environmentally friendly, since it is carried out at RT 
in a single step with low energy consumption and does not involve chemical products (therefore, without 
recycling problems). It will be seen that the formation of nanocolumns is the result of the effects of atomic 
shadowing when the atoms reach the surface along an inclined direction and kineticenergy- induced 
relaxation processes. Depending on various parameters (such as gas pressure, the angle of inclination 
of the substrate and its possible rotation), the nanocolumnar structure can be controlled, giving rise to 
different properties1. A model that explains the deposition rate and the different morphologies obtained 
will be discussed. Moreover, it will be shown that the proposed methodology represents a valid approach 
for industrial production2. Next, I will show two applications in biomedicine of these nanocolumnar 
coatings. On the one hand, titanium nanocolumns have been used for the development of metallic 
implants with antibacterial properties, since the strong corrugation hinders the adhesion of bacteria and 
prevents the formation of the biofilm3. Moreover, in combination with tellurium nanorods, additional 
bactericidal effects are observed4 both against Grampositive and Gram-negative bacteria (Staphylococcus 
aureus and Escherichia coli, respectively) whilst the biocompatibility is preserved. On the other hand, gold 
nanocolumns exhibit specific optical properties related to the existence of localized surface plasmons. 
When vertical nanocolumns are produced, the coatings show black metal behavior in the visible range5. 
When short tilted nanocolumns are fabricated, hot spots of electromagnetic field develop and provide 
a strong enhancement of the fluorescence or Raman signals6. As a result, these nanostructures serve 
as substrates for surface enhanced Raman spectroscopy (SERS) that allow for detecting the presence of 
biomolecules with low concentration. 

Publications

• � Co/Ni multilayers ordered according to a periodic, Fibonnacci and Thue Morse sequence obtained by 
Atomic Layer Deposition

• � Kinetic energy-induced growth regimes of nanocolumnar Ti thin films deposited by evaporation and 
magnetron sputtering

• � Silver nanopillar coatings grown by glancing angle magnetron sputtering for reducing multipactor 
effect in spacecrafts

• � Tellurium, the Forgotten Element: A Review of the Properties, Processes, and Biomedical Applications 
of the Bulk and Nanoscale Metalloid

• � Nanopatterned hard/soft bilayer magnetic antidot arrays with long-range periodicity
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