
 

 

Multifunctional Coatings 
  
Multifunctional thin films are of growing importance from both a fundamental scientific 

point of view and in terms of industrial applications. Actually, functional coatings play a 

major role in many areas such as microelectronics, optics, self-lubricating, cutting tools, 

biomedical, decorative, sensors, corrosion protection at high temperatures or 

environmental, etc.  

 

The goal of this workshop is to discuss the basics of thin films and coatings deposited by 

magnetron sputtering and their characteristics/properties versus functional performance.  

 

Four main lectures will be presented in a half day (14h30 – 18h30): 

 

(i) Bottom-up engineering material design – dream or near future? - TOMAS 

POLCAR 
 

(ii) “Decorative Coatings: a good application for demonstrating the need of 

multifunctionality” – ALBANO CAVALEIRO 
 

(iii) Surface engineering: an alternative solution for biomaterials  - SANDRA 

CARVALHO 

 

(i) Bottom-up engineering material design – dream or near future?  
 

Rapid development of multiscale simulations promises dramatic step change in material 

design. We are able predict many parameters in virtual space and at least reduce the range 

of variables needed for experimental validation. Simulations have been successfully used 

to predict catalytic properties, phase diagrams, or diffusion rates, but can we use them to 

design novel material useful for mechanical engineer? In this talk we will show several 

cases (all supported by prestigious European projects), where challenging engineering 

problems are being solved by powerful combination of multiscale simulations and 

tailored experiments. Thermodynamically stable nanoscale alloys, which may render 

obsolete existing super-alloys for aerospace industry, solid lubricants with friction so low 

that the oil would be eliminated, and protective coatings for cutting tools allowing 

machining with unprecedented speed and precision have been selected to demonstrate the 

strength of bottom-up material engineering approach and challenges we need to solve in 

near future. 

 

 

(ii) Decorative Coatings: a good application for demonstrating the need of 

multifunctionality”  
 

 The final scope of decorative coatings is to give a part a suitable and pleasant aesthetic 

appearance. However, other functions are also needed since, frequently, the parts are 

being subjected to aggressive environments requiring protective characteristics (wear and 

corrosion resistance), low friction or even antimicrobial activity. As any material has a 

specific color, the current approach for selecting materials for decorative coatings is based 

on the search of the best compound inside the traditional classes which are known to have 



those characteristics, such as, nitrides, carbides or oxides, which can show the demanded 

color. It is true that coatings producers have been able to supply decorative coatings with 

a rather complete pallet of colors. However this could only be achieved thanks to a large 

range of coatings systems, obliging to change the deposition equipment each time a 

desired color is required. When noble metal nanoparticles are placed in a dielectric matrix, 

changes in the so-called localized surface plasmon resonance (LSPR) can influence the 

optical properties of the nanocomposite materials. There are dielectric matrixes with 

excellent mechanical properties, such as the case of transparent oxides. Therefore, by 

controlling the size and shape of noble metal nanoparticles incorporated in oxide 

deposited coatings, specific optical properties (color) as well as good mechanical 

properties can be achieved, allowing to use one single coatings system for a large range 

of colors 

In this talk, we will present our approaches for depositing nanocomposite coatings 

consisting in Ag and Au nanoparticles embedded in different oxide matrixes (WO3, 

Al2O3 and TiO2), as follows: (i) co-sputtering noble metal and matrix element targets in 

reactive atmosphere followed by thermal annealing at increasing temperatures for the 

controlled precipitation of the Au and Ag nanoparticles; (ii) sequential sputtering 

deposition of the dielectric matrix and the noble metal using conditions favoring the 

agglomeration and coalescence of Ag and Au elements; (iii) pre-formation of Ag,Au 

nanoparticles in a plasma gas condensation (PGC) cluster sources, their transfer to the 

main deposition chamber and their co-deposition with the reactive sputtered oxide matrix.  

 

(iii) Surface engineering: an alternative solution for biomaterials  

 

With the increase of elderly population and health problems that are arising nowadays, as 

cancer, dental, knee and hip joint prostheses are being widely used worldwide. Thus, it is 

of major importance to develop new biomaterials and/or new coatings which will confer 

to biomedical implants improved physical, mechanical, tribological and biological 

performance.  

In this talk, results of multifunctional coatings, deposited by reactive magnetron 

sputtering, aimed for medical applications will be present. Fundamental aspects on 

bioactive coatings will be analysed and discussed, such as (i) How the structural 

arrangements (nanocrystaline phases versus amorphous phases or hard phases versus soft 

phases) can control the final mechanical and tribological performance under lubrication 

conditions (body fluids); (ii) How the coating surface features can improve the 

antimicrobial activity; (iii) How we can improve the corrosion resistance (iv) How can 

the surface functionalization promote osseointregration.  

 

 

The course is addressed to scientists, professionals, company engineers, R&D managers 

and graduate students in the fields of Engineering, Chemistry, Physics, Biology, Applied 

and Fundamental Sciences.  
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