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We present here an original and safe-by-design method 
for the elaboration of nanostructured coatings composed 
of nanoparticles embedded in a matrix. This versatile 
single step process operates under vacuum by combining 
jets of nanoparticles with magnetron sputtering. The 
chemical nature of nanoparticles and matrix can be chosen 
independently. Moreover, any source of nanoparticles in 
the gas phase can be used. For example, nanoparticles can 
be synthesized in-situ by laser driven pyrolysis [1] or 
combustion processes. A classical aerosol generator from 
previously synthesized nanoparticles can also be used. 

The proof of concept was completed using a 
laboratory apparatus. We have developed a new prototype 
for synthesizing homogenous nanocomposites thin film 
on surfaces that are large enough for some industrial 
needs. The general scheme of the apparatus is presented 
in Fig. 1. The ability to achieve synthesis on large surfaces 
is provided by the use of a series of four aerodynamic 
lenses implemented on the prototype set up between the 
source of nanoparticles and the deposition chamber. The 
number of aerodynamic lenses is not limited and the 
process is compatible with very large surfaces by 
increasing the number of lenses or roll-to roll coating 
processes on soft substrates. On-line characterization of 
the film is provided by in situ spectral ellipsometry. 

The lenses are composed of successive chambers 
separated by diaphragms usually used to produce 
collimated beam of nanoparticles [2]. Numerical and 
experimental studies have demonstrated divergent and 
homogenous jet of nanoparticles by adapting the 
geometry of the lenses. As the speed acquired by the 
nanoparticles is high [3], their kinetic energy is sufficient 
to pass through the relatively high pressure (around 
0.5 Pa) deposition chamber and get deposited on a 
substrate at a distance of 30 cm. The pressure in this 
chamber is adequate for running a classical magnetron 
sputtering device used to deposit, on the same substrate 
and at the same time, the material constituting the matrix 
of the composite film. 

The ability to elaborate large and homogenous 
nanostructured films were investigated with different 
types of nanoaerosols of different sizes and densities. 
Samples composed of gold nanoparticles (see Fig. 2) will 
be shown. Numerous applications are already considered 
for this type of coatings, including photocatalysis, 

photovoltaic solar cells, aesthetic coatings for luxury 
industry, hard covering for tools or self-healing films.  
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Figure 1: General scheme of the co-deposition prototype 

for large-surfaces. 
 

 
Figure 2: SEM micrograph of a nanocomposite coating 

of gold nanoparticles embedded in a silica matrix. 
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