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Materials and methods
The morphological characteristics of thin films deposited on propylene foils were investigated by means of Scanning Electron Microscopy (SEM). All the observations were carried out using a SEM (Phenom ProX, ThermoFisher Scientific) by applying an accelerating voltage of 10 kV. A sputter coater (SC7620, Quorum Technologies) was used to cover the coating surface with gold before SEM analysis.
The evolution of the substrate surface temperature during the deposition process was analysed using the infrared sensor Optris CT. Five positions along the diameter of the propylene samples (2 cm long), at a distance of 0.25 mm from each other.

Results
According to the SEM images reported in Figure 1, the surface of the uncoated PE substrate appears flat and smooth, while in coatings deposited in conditions A and C (conditions with the highest W/FM values), the presence of numerous fractures (black lines in the images) can be observed. As W/FM decreases, the fractures in the coating disappear, but the number of granular structures on the surface of the film progressively increases. 
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Figura 1: SEM images of uncoated and coated substrates
Discussion
Respect to other characterization techniques, the presence of two deposition regimes can be less obviously appreciated from SEM images, nonetheless through the analysis of several differences in the coating characteristics some reasonings can be performed. One of the features of the coatings deposited in conditions A and C is the presence of numerous fractures, which disappear decreasing the W/FM value. Despite few articles address this aspect of plasma deposition processes [1], [2], the possible mechanism proposed for the formation of fractures in Si-coatings on thermosensitive polymeric substrates is the different coefficient of thermal dilation between the substrate and the deposited coating. The deposition process, indeed, can induce a thermal stress on the polymeric substrate and consequently lead to its stretching: if the coating is sufficiently adherent to the substrate and has a different coefficient of thermal dilatation, fractures can be formed in the coating. According to ATR-FTIR and XPS analysis, the uncoated substrate exhibits a more “organic character” respect to coatings deposited in conditions from A to E, suggesting that in case of heating induced by the process, the thermal stretching of the substrate will be higher than that of the coating and may lead to fractures formation. Considering that the chemical composition of coatings deposited from condition A to condition E should be similar, the reason why fractures cannot be observed in condition E is probably related to the lower heating that is induced in that condition respect to condition A. The only aspect which makes different conditions A and E is the fact that in the first one a higher discharge power is used, and higher discharge powers usually lead to higher surface heating. To prove this hypothesis, the heating of the substrate during the deposition treatment is investigated. The substrate temperature profiles along the diameter of the polymeric substrate for deposition processes in conditions A and E are reported in Figure 2.
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Figure 2: Substrate temperature profiles along the diameter of the sample in deposition conditions A and E
The temperature measurements confirm the higher heating of the substrate in condition A respect to condition E. Indeed, while the temperature remains slightly higher than the ambient temperature in condition E, the temperature reaches average values of 65°C (average value) in condition A. The two conditions exhibit also a different profile along the diameter: in condition A the surface temperature seems to be higher in correspondence of the edge of the sample (±10 mm) respect the central zone (0 mm) thus generating a “donut shape” behaviour, while in condition E the temperature seems to remain stable along all the central axis. This behaviour can be related to the more pronounced ambient air diffusion into the plasma discharge in condition A, which increases the gas temperature due to Penning ionization reactions between N2 molecules and Ar metastable atoms [3] in the part where there is the maximum air penetration (at the edge of the samples). Nonetheless, a detailed discussion on the trend of the substrate temperature as a function of the position along the central line is beyond the purpose of this paper.
As W/FM further decreases from E to I, the number of granular structures on the surface of the film progressively increases: if in condition E a reduced and almost negligible number of particles can be observed, in conditions G and I their presence is pronounced and proportional to the amount of precursor feed rate (E, G and I are indeed characterized by an increased precursor feed rate). The formation of these structures is due to plasma produced radicals originating from the initial monomer which are recombined in the volume of the discharge and then deposited in form of particles on the substrate. The formation of such particles and their increase with the precursor feed rate has been previously reported in the literature related to atmospheric pressure plasma polymerization of organosilicon precursors.[4], [5] This difference in the surface morphology of the coatings indicates a change in the formation mechanism of the plasma polymers and thus again suggests the presence of two deposition regimes.
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