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Here we report the low-defect synthesis of bilayer graphene film on SiO 2 with a nickel catalyst using pulsed laser deposition combined with rapid thermal annealing. A parametric study was performed with various initial amorphous carbon (a-C) film thicknesses and annealing temperatures and a fixed nickel catalyst film thickness. Raman spectra and mapping over large areas of up to 100 × 100 μm² were used to investigate the structure and the defects of graphene films. Optimal conditions for graphene growth were an initial a-C film thickness of 2 nm and an annealing temperature of 900°C. Results showed that 76% of the optimized film contained graphene bilayers, and 18% of the optimized film contained graphene monolayers. A transmittance of 87% at 550 nm is observed without any transfer process from the SiO 2 substrate. This paper presents experimental guidelines for optimal synthesis conditions to control graphene growth by pulsed laser deposition.

Introduction

Research on graphene has received considerable attention due to its outstanding physical and chemical properties, and its potential for a wide range of applications [START_REF] Geim | The rise of graphene[END_REF][START_REF] Novoselov | Electric Field Effect in Atomically Thin Carbon Films[END_REF][START_REF] Nair | Fine Structure Constant Defines Visual Transparency of Graphene[END_REF][START_REF] Kim | Focused-Laser-Enabled p-n Junctions in Graphene Field-Effect Transistors[END_REF][START_REF] Bonaccorso | Graphene photonics and optoelectronics[END_REF]. Several methods including mechanical exfoliation, annealing of SiC under ultrahigh vacuum, chemical vapor deposition (CVD), reduction of graphene oxide, and pulsed laser deposition (PLD) have been used to make graphene films [START_REF] Emtsev | Towards wafer-size graphene layers by atmospheric pressure graphitization of silicon carbide[END_REF][START_REF] Li | Graphene Films with Large Domain Size by a Two-Step Chemical Vapor Deposition Process[END_REF][START_REF] Hawaldar | Large-area high-throughput synthesis of monolayer graphene sheet by Hot Filament Thermal Chemical Vapor Deposition[END_REF][START_REF] Bleu | Review of Graphene Growth From a Solid Carbon Source by Pulsed Laser Deposition (PLD)[END_REF][START_REF] Pei | The reduction of graphene oxide[END_REF]. Among these methods, PLD is one of the alternative physical routes to the commonly used CVD process. Originally, PLD was mainly used to deposit thin films with high crystallinity, accurate stoichiometry, and thickness controlled up to the atomic monolayer [START_REF] Krebs | Pulsed Laser Deposition (PLD) --A Versatile Thin Film Technique[END_REF]. PLD has also been widely used for amorphous diamond-like carbon (DLC) synthesis, with different Csp 2 /Csp 3 ratios [START_REF] Sikora | Structure of diamondlike carbon films deposited by femtosecond and nanosecond pulsed laser ablation[END_REF]. In the present study, graphene films were synthesized using an amorphous solid carbon (DLC, or a-C) precursor with precisely controlled thickness. In the present study, graphene films were synthesized using an amorphous solid carbon (DLC, or a-C) precursor with precisely controlled thickness. From our best of knowledge, the presence of a metal catalyst is necessary for graphene synthesis from a solid carbon source. The absence of catalyst was previously investigated with CVD processes, in particular by Liu et al [START_REF] Liu | Metal-catalyst-free and controllable growth of high-quality monolayer and AB-stacked bilayer graphene on silicon dioxide[END_REF] and Barbosa et al. [START_REF] Barbosa | Direct synthesis of bilayer graphene on silicon dioxide substrates[END_REF]. However, such a route appears to favor a significant density of defects, compared to synthesis routes using a metal catalyst.

So, in the present study, we use a metal catalyst to obtain graphene layers with a low defect concentration. Several catalysts including nickel, copper, cobalt, copper-nickel alloy catalyst [START_REF] Reina | Growth of large-area single-and Bi-layer graphene by controlled carbon precipitation on polycrystalline Ni surfaces[END_REF][START_REF] Delamoreanu | Wafer scale catalytic growth of graphene on nickel by solid carbon source[END_REF][START_REF] Abd Elhamid | Study of graphene growth on copper foil by pulsed laser deposition at reduced temperature[END_REF][START_REF] Narula | Copper induced synthesis of graphene using amorphous carbon[END_REF][START_REF] Tyagi | Characterization of graphene films grown on CuNi foil substrates[END_REF][START_REF] Orofeo | Synthesis of large area, homogeneous, single layer graphene films by annealing amorphous carbon on Co and Ni[END_REF] have been used to obtain graphene from the carbon film precursor. Several studies have reported the growth of graphene by PLD using nickel catalyst [START_REF] Tite | Graphene-based textured surface by pulsed laser deposition as a robust platform for surface enhanced Raman scattering applications[END_REF][START_REF] Fortgang | Robust Electrografting on Self-Organized 3D Graphene Electrodes[END_REF][START_REF] Maddi | Nano-Architecture of nitrogen-doped graphene films synthesized from a solid CN source[END_REF][START_REF] Koh | Comparison of the mechanism of low defect few-layer graphene fabricated on different metals by pulsed laser deposition[END_REF][START_REF] Zhang | Fabrication and characterization of few-layer graphene[END_REF][START_REF] Bourquard | Electroanalytical Performance of Nitrogen-Doped Graphene Films Processed in One Step by Pulsed Laser Deposition Directly Coupled with Thermal Annealing[END_REF]. In fact, graphene synthesis with nickel is due to segregation of carbon at high temperatures. Due to the high solubility of carbon in nickel, the carbon atoms diffuse through the nickel catalyst and precipitate on the surface during cooling [START_REF] Seah | Mechanisms of graphene growth by chemical vapour deposition on transition metals[END_REF][START_REF] Zhang | Review of Chemical Vapor Deposition of Graphene and Related Applications[END_REF]. As precipitation is a non-equilibrium process, controlling the thickness of the graphene is challenging [START_REF] Li | Evolution of Graphene Growth on Ni and Cu by Carbon Isotope Labeling[END_REF][START_REF] Pang | Graphene as Transparent Electrode Material for Organic Electronics[END_REF][START_REF] Weatherup | On the Mechanisms of Ni-Catalysed Graphene Chemical Vapour Deposition[END_REF]. In addition, most of the graphene films made by PLD using a nickel catalyst have turned out to be heterogeneous with a mixture of single and multilayered graphene sheets. There is thus a need to optimize the PLD process for graphene growth to obtain a uniform large-area monolayer or bilayer graphene. In the present work, we studied the influence of two process parameters, initial amorphous carbon (a-C) thickness and the annealing temperature, on the growth of graphene using PLD and rapid thermal annealing. Our parametric study identified the optimal conditions for growing predominantly bilayer graphene. The structure and defects of the graphene films were characterized using a micro-Raman spectroscopic technique. Raman mapping was used for large areas of up to 100 × 100 μm² which has rarely been investigated but is indispensable to check lateral homogeneity, and statistical analysis to determine the number of layers and overall distribution of the graphene films on the substrate.

Experimental details

The different steps of sample preparation are shown in Figure 1. SiO 2 substrates were ultrasonically cleaned first in acetone, and then in ethanol and finally in deionized water baths. Nickel film (50 nm thick) was deposited by thermal evaporation on the top of the cleaned SiO 2 substrates in a vacuum chamber pumped at a base pressure of 10 -6 mbar. High purity (99.99%) Ni was molten thermally in a tungsten nacelle and evaporated towards the substrate. The Ni/SiO 2 substrates were then placed in a vacuum PLD chamber pumped at a base pressure of 10 -7 mbar for amorphous carbon (a-C) deposition. Carbon was ablated from high purity graphite (99.9995%) target using an excimer KrF laser (248 nm wavelength, 20 ns pulse duration, 10 Hz repetition rate) at room temperature. The fluence of the laser beam was kept constant at 5 J.cm -2 . The ablation time was adjusted to vary the thickness of the amorphous (a-C) film to 1, 2, 4, 5, 10 and 20 nm. Assuming a density of 3 g.cm -3 for the deposited a-C films, this corresponds to a carbon flux of 3.8x10 15 C.cm -2 .s -1 . The Ni/SiO 2 substrates were mounted on a sample holder placed at a distance of 40 mm from the graphite target. The final step consisted in heating the a-C/Ni/SiO 2 samples at temperatures ranging from 800 to 1000 °C for 420 s in a vacuum pressure of 10 -2 mbar using a RTA oven, with a heating rate of +15 °C/s and a cooling rate of about -0.5°C/s. Table 1 summarizes the processing conditions of the samples. Raman spectroscopy was used to characterize the synthesized material with an Aramis Jobin Yvon spectrometer (Horiba Jobin Yvon, Gières, France), with 442 nm (2.81 eV) excitation laser focused through an x100 objective with a high aperture, guaranteeing the micrometric resolution of the analysis, and providing precise Raman maps of the samples. The laser power was kept below 3 mW to avoid damaging the surface of the film and the diameter of the laser beam was estimated to be near 1 micrometer, near the diffraction limit at this wavelength. To examine the uniformity of the synthesized graphene, mapping of probed surfaces 20 × 20 micrometers in size, was performed for all samples at 442 nm, totaling 400 Raman spectra per map with a 1 m spot collected on each sample. For the sample with the optimal conditions, mapping was done in two different regions over areas of 20 x 20 µm² and 100 x100 µm². The Raman signals were acquired with a spectrometer equipped with a charge-coupled device (CCD) camera. Atomic Force microscopy measurements were performed using AGILENT 5500 microscope operating in tapping mode in the ambient environment at room temperature.

All the images were obtained at 1 Hz, 512 x 512 pixels (image definition). The AFM image treatment and root mean square roughness (RMS) were determined with Gwyddion software.

Scanning electron microscopy (SEM) images were recorded using a FEI Novanano SEM 200 operated at 15kV. XPS analysis was performed at Synchrotron SOLEIL (Saclay, France), ANTARES beam line. The ring operating conditions were 2.5 GeV electron energy, with injection currents of 500 mA and "Top-up" mode. Radiation was monochromatized using a plane-grating monochromator (PGM), which is characterized by a slitless entrance and the use of two varied linear spacing (VLS) gratings with variable groove depth (VGD) along the grating lines. The diameter of the X-ray spot impinging the surface is 140 µm and the X-ray energy was fixed at 700 eV for analysis of the graphene film. The photoemission spectra were taken with incident photon energies of 700 eV (see details in each figure 9 

Results

The initial a-C thickness and growth temperature play a major role in determining the number of layers and the quality of graphene grown on SiO 2 with a nickel catalyst. In order to investigate their effect on graphene film architecture, we considered 18 sets of graphene growth conditions, crossing 6 initial a-C thicknesses with 3 annealing temperatures. All samples were characterized by Raman spectroscopy and mapping, the most widely used technique to investigate the structure, defects, and the number of layers in graphene materials [START_REF] Ferrari | Raman Spectrum of Graphene and Graphene Layers[END_REF][START_REF] Graf | Raman mapping of a single-layer to double-layer graphene transition[END_REF][START_REF] Malard | Raman spectroscopy in graphene[END_REF]. In graphene films, the D, G, and 2D bands are the most significant features observed in Raman spectroscopy. The G band appears near 1 580 cm -1 and is associated with These maps clearly show that the as-grown film is heterogeneous, containing single to multilayer graphene sheets. The difference in the number of graphene layers is remarkable, as detailed in the Discussion section below. With an initial a-C film thickness as low as 1 nm, the I 2D /I G ratio remains low (< 0.6), whatever the annealing temperature within the range 800-1 000 °C, compared to thicker a-C films. This may be because the initial carbon thickness is too thin to induce the formation of graphene layers over a large area in this temperature range, with domains exhibiting very low I 2D /I G ratios. Among all growth conditions, the highest average value of I 2D /I G ratio was 0.862, as can be seen on the map of the sample with an initial a-C film with a thickness of 2 nm at an annealing temperature of 900 °C. This suggests the formation of bilayer graphene. The samples a-C (4 nm -900 °C) and a-C (5 nm -900 °C) also had high I 2D /I G ratios of 0.809 and 0.822, respectively. However, their maps look more heterogeneous than that of sample a-C (2 nm -900 °C). Figure 3 shows the plot of average values of I 2D /I G as a function of initial a-C thicknesses and synthesis temperatures. At an annealing temperature of 900 °C, we observed a progressive decrease in the I 2D /I G ratio with an increase of from 2 to 20 nm in the thickness of the a-C film. This observation is consistent with that reported by Xiong et al. (Fig. 4d in [START_REF] Xiong | Single-Step Formation of Graphene on Dielectric Surfaces[END_REF]). At 1 000 °C, the I 2D /I G ratio exhibited little dependence on the initial a-C film thickness in the 2-20 nm range, whereas at 800 °C, the I 2D /I G ratios were systematically lower than those at higher temperatures. Considering the same growth temperatures for each initial thickness of the a-C, 900 °C was the temperature at which the average I 2D /I G ratio was higher for all initial a-C thicknesses except 20 nm. We, therefore, conclude that, in our growth conditions, the optimal temperature for high I 2D /I G ratios is 900 °C. The defect density was rather homogeneous except in samples with an initial a-C thickness of 1 nm, and the homogeneity was higher at both 900 °C and 1 000 °C than at 800 °C whatever the thickness of the a-C film. The lowest average I D /I G ratio of 0.069 was observed for the a-C (20 nm -1 000 °C) sample. Figure 5b shows the plot of average values of the I D /I G ratio deduced from Figure 5a, as a function of initial a-C thickness at different synthesis temperatures. The samples grown at 900 °C and 1 000 °C had a lower defect density, with I D /I G ratios ranging from 0.069 to 0.163 for a-C of 2 to 20 nm. In the sample synthesized at 800 °C, the defect density was much higher, with the I D /I G in between 0.136 and 0.460. From these results, we conclude that a temperature of 800 °C is too low as it produces a rather high defect density in graphene films, whereas at 900 and 1 000 °C, the graphene is formed with a significantly lower defect density. This defect density is comparable with that reported with CVD synthesis [START_REF] Umair | Controlled synthesis of bilayer graphene on nickel[END_REF]. 

Discussion

In this section, we discuss Raman mapping statistics in order to quantify the percentage graphene layer number distribution as a function of the initial a-C film thickness and annealing temperature. In our mapping procedure, areas with an I 2D /I G ratio >1.4 are considered to be representative of graphene monolayers, areas with I 2D /I G ratios between 0.75 and 1.4 are considered to be representative of graphene bilayers, and areas with I 2D /I G ratios below 0.75 are considered to be representative of graphene with three and more layers, as reported in the literature cited above.

Figure 6a shows the 3D plot of percentage graphene layer number distribution as a function of the initial a-C thickness at 800 °C. We observed that, at this annealing temperature, the asgrown graphene mostly had three or more layers. At a growth temperature of 900 °C (Figure 6b), graphene films contained a higher proportion of mono-and bilayers. In particular, sample a-C (2 nm) contained 89% of bilayers. At a growth temperature of 1 000 °C (Figure 6c), the heterogeneity of the synthesized graphene was much more pronounced, mostly bilayer, and three and more layers. Therefore, we conclude that our best sample for bilayer formation is the one with an initial a-C thickness of 2 nm and the growth temperature of 900 °C when the thickness of the nickel catalyst film is fixed at 50 nm. Such an optimum low thickness of a-C to form a dominant graphene bilayer is explained on the basis of previous works related to graphene synthesis from solid carbon films in the presence of a metal catalyst. It has been already shown [START_REF] Koh | Comparison of the mechanism of low defect few-layer graphene fabricated on different metals by pulsed laser deposition[END_REF][START_REF] Weatherup | Introducing Carbon Diffusion Barriers for Uniform, High-Quality Graphene Growth from Solid Sources[END_REF] that graphene growth mainly occurs during the thermal cycle by carbon dissolution and diffusion through the metal catalyst. A lower a-C film thickness of 1 nm probably does not provide enough carbon to form a homogeneous graphene layers when carbon precipitated on the Ni surface upon cooling after its dissolution during the steady-state high temperature range. Indeed, we observe that the different annealing temperatures have quite no effect on the graphene quality with such a low a-C film thickness. On the other side, an excessive initial a-C film thickness provides more carbon, but the rather high diffusion of carbon in nickel with temperature probably leads to the diffusion of carbon deep into the metal catalyst, and most of this carbon remains trapped upon cooling, limiting the quality of the graphene grown upon cooling. This may be a possible explanation of the optimum a-C film thickness of 2 nm observed with our protocol. To go further in the investigation of the bilayer homogeneity related to the sample a-C (2 nm -900 °C), we performed Raman mapping over a large area (100 x 100 µm²) with the step of 1 µm totaling 10 000 spectra. Such wide Raman mapping is rarely performed but makes it possible to obtain a more representative probed area of the graphene film. Figures 7a and7b show Raman mapping of I 2D /I G and I D /I G ratios with their average values of 1.06 and 0.12, respectively, indicating the predominant growth of bilayer and low defect density. The distribution of the number of layers was obtained by statistical analysis. We found that 18% of the 100 ×100 μm² probed area is covered by graphene monolayers, 76% by graphene bilayers and only 6% by more than three graphene layers (Figures 7c and7d). This result is consistent with the results of a study by Peng et al. [START_REF] Peng | Direct Growth of Bilayer Graphene on SiO2 Substrates by Carbon Diffusion through Nickel[END_REF] related to bilayer graphene growth using a polymer as a solid carbon source. Through Raman mapping, these authors observed 70% of bilayer coverage in an area of 100 x 100 µm². Figures 7e and7f show the shape and Lorentzian fitting of the 2D band of the bilayer spectrum and the other Raman parameters extracted from this spectrum. The 2D band shows an asymmetric band with an FWHM around 61 cm -1 and can be decomposed with four Lorentzian peaks, each one with a FWHM of 30 cm -1 , corresponding to the AB stacking of the bilayer [START_REF] Gong | Layer-Controlled and Wafer-Scale Synthesis of Uniform and High-Quality Graphene Films on a Polycrystalline Nickel Catalyst[END_REF][START_REF] Madito | Raman analysis of bilayer graphene film prepared on commercial Cu(0.5 at% Ni) foil[END_REF][START_REF] Yang | Layer-selective synthesis of bilayer graphene via chemical vapor deposition[END_REF][START_REF] Fang | Rapid Identification of Stacking Orientation in Isotopically Labeled Chemical-Vapor Grown Bilayer Graphene by Raman Spectroscopy[END_REF]. Our results demonstrate the possibility of synthesizing predominantly bilayer graphene with AB stacking mode from a solid carbon source using pulsed laser deposition and rapid thermal annealing, as observed by Raman over a rather large area. In addition to Raman characterization, atomic force microscopy (AFM) and scanning electron microscopy (SEM) were performed to get the topological information about our best sample a-C (2 nm -900 °C). Further XPS characterization were done in order to get the chemical composition. Additionally, since the sample was transparent after graphene synthesis, transmittance measurement was carried out for this sample.

"Figure 8a shows the surface morphology with an RMS of 182 nm observed using AFM.

This image suggests a relatively rough surface with the presence of nickel clusters. The SEM image in Figure 8b confirms this surface morphology showing the island-shaped metallic nickel nodules. These Ni nodules have been also previously reported by others [START_REF] Xiong | Single-Step Formation of Graphene on Dielectric Surfaces[END_REF][START_REF] Banno | Transfer-free graphene synthesis on insulating substrates via agglomeration phenomena of catalytic nickel films[END_REF] with graphene grown in the presence of Ni catalyst, using rapid thermal annealing in the temperature range 900-1100 °C. However, we cannot exclude the presence of a residual very thin film of Ni on the rather flat areas surrounding the Ni clusters. EDX probing in such regions (not shown) confirms the presence of residual nickel. In such a way, any AFM quantification of the surface to extract the number of graphene layers should be carried out with extreme caution. Indeed, even though theoretically it is possible to measure the number of layers in AFM using the height from line profile, in practice in our case, it is hard to achieve the necessary vertical resolution with a rough surface probably covered by residual nickel. The selected lines labelled 1-2-3-4 on Figure 8a are typical of the surface morphology between the Ni nodules, with height quantification depicted in Figures 8c-f. The profile 1 gives height values between 0.56 and 2.18 nm suggesting the presence of mono and bilayer graphene, as reported in references [START_REF] Yao | Histogram method for reliable thickness measurements of graphene films using atomic force microscopy (AFM)[END_REF][START_REF] Obraztsova | Statistical analysis of atomic force microscopy and Raman spectroscopy data for estimation of graphene layer numbers[END_REF]. The profile 2 gives height values from 1.82 to 7.04 nm suggesting the presence of bilayer to multilayer graphene. The profiles 3 and 4 give the height values rather high from 2.59 to 69.18 nm, again consistent with multilayer graphene.

However, these values should take with very much care, because of the presence of nickel catalyst residual and surface roughness that may affect the thickness estimation. As mentioned before, those graphene layers certainly cover some residual Ni in the form of a very thin film on the SiO 2 substrate, thus consistent with a roughness higher than the roughness of graphene layers covering SiO 2 . This is one experimental limit of the protocol used at hand, which requires in the future further investigations to obtain graphene layers without any traces of residual Ni if such a catalyst is required for the graphene growth."

In Figure 9a Since we observed nickel residual on our sample, we performed the nickel etching using 4M of FeCl 3 solution before the transmittance measurement. We measured the transmittance (T) of both bilayer graphene after Ni etching and the starting material before annealing (a-C (2nm)/ Ni (50)) on glass substrates for comparison (Figure 10). The transmittance values of the starting material at 550 nm is about 1.47 % (mainly due to the Ni thin film), whereas the one for our bilayer graphene is about 87.21%. Theoretically, each graphene layer absorbs 2-3% [START_REF] Nair | Fine Structure Constant Defines Visual Transparency of Graphene[END_REF] of the incident light at 550 nm, which means that the bilayer graphene transmittance value should be around 94% as reported in previous works [START_REF] Sun | Growth of graphene from solid carbon sources[END_REF][START_REF] Liu | Synchronous growth of AB-stacked bilayer graphene on Cu by simply controlling hydrogen pressure in CVD process[END_REF]. Nevertheless, there is an offset between our transmittance value and the the theoretical value. However, our result is consistent with what was observed by Lee et al. [START_REF] Lee | Homogeneous bilayer graphene film based flexible transparent conductor[END_REF]. They reported that the decreasing of the transmittance value can be due to the transfer method. We believe that it might a similar effect here in our case, the deviation is likely due to the remaining residual nickel nodules observed by SEM. 

Conclusion

Here, we have reported a parametric study in which we adjusted the initial thickness and growth temperature of amorphous carbon, using pulsed laser deposition and rapid thermal annealing with nickel catalyst films on a SiO 2 substrate. From the experimental findings, we deduced that the optimized process parameters to obtain a high proportion of graphene bilayers were an initial a-C thickness of 2 nm and an annealing temperature of 900°C. A transmittance of 87% at 550 nm is observed without any transfer process from the SiO 2 substrate. Under these synthesis conditions, bilayer graphene was formed on 76% of the 100 x100 µm² probed surface, monolayer graphene on 18%, and three and more layer graphene on 6%, with a low defect density. The investigated synthesis route allows to synthetize predominantly bilayer graphene films, with a significant lower density of defect than graphene film architectures obtained by CVD without any metal catalyst. However, the residual nickel catalyst in the form of micrometer-size nodules remains a limitation to ensure a homogeneous distribution of bilayer graphene over a wide surface exempt of catalyst residues. This finding demonstrates the possibility of obtaining graphene bilayers over a large area using an alternative less frequently investigated synthesis route (compared to CVD), pulsed laser deposition combined with rapid thermal annealing. However, more work is required to investigate the synthesis of low-defect graphene films from a solid carbon source, without any use of metal catalyst.

Figure 1 :

 1 Figure 1: Synthesis route for graphene films obtained by pulsed laser deposition and rapid thermal annealing on SiO 2 .

  panel), with 190 meV energy resolution. UV-Visible spectroscopy in transmission mode was performed by a spectrophotometer Cary50 Probe (Varian) within the spectral range 200-800 nm.

  Figures 2 and 3 show the Raman maps and the average values of the I 2D /I G ratio of all the samples over an area of 20 x 20 µm².
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 2 Figure 2: Raman spectroscopy maps of I 2D /I G of all samples.
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 332 Figure 3: (a) Summary of the mean values of each I 2D /I G map; (b) plot of the effect of initial a-C thickness on mean I 2D /I G values as a function of growth temperature.

Figure 4 :

 4 Figure 4: Raman spectroscopy maps of I D /I G of all the samples.

Figure 5 :

 5 Figure 5: (a) Table summarizing the mean values of each I D /I G map; (b) plot of the effect of initial a-C thickness on mean I D /I G values as a function of growth temperature.

Figure 6 :

 6 Figure 6: Raman mapping statistics: (a) 3D plot of percentage graphene layer number distribution as a function of the initial a-C thickness (left) and the coverage percentage values (right) at 800 °C; (b) 3D plot of percentage graphene layer number distribution as a function of the initial a-C thickness (left) and the percentage distribution values (right) at 900 °C; (c) 3D plot of percentage graphene layer number distribution as a function of the initial a-C thickness (left) and the percentage distribution values (right) at 1 000 °C.

Figure 7 :

 7 Figure 7: Raman mapping of a large 100 ×100 μm² region, of sample a-C (2 nm -900 °C): (a) Raman mapping of I 2D /I G ratio with an average value of 1.06; (b) Raman mapping of I D /I G ratio in a 100 ×100 μm² region with the average value of 0.12; (c) spectra of the graphene with different numbers of layers in Raman mapping of graphene on a SiO 2 substrate; (d) Statistical histogram of the Raman mapping of I 2D /I G ratio showing the predominance of bilayers; (e) Fitting of the 2D band in the Raman spectrum of bilayer graphene showing an asymmetric shape and four Lorentzian peaks corresponding to AB stacking; (f) table showing the other Raman parameters of the bilayer graphene spectrum.

Figure 8 :

 8 Figure 8: AFM and SEM images of sample a-C (2 nm -900 °C): (a) AFM image showing the surface morphology with a RMS value of 182 nm; (b) SEM image showing different contrast and the nickel residual nodules; (c) AFM line profile 1 spectrum; (d) AFM line profile 2 spectrum; (e) AFM line profile 3 spectrum; (f) AFM line profile 4 spectrum. The height of all the peaks in the spectra corresponds to the thickness of the probed area.

  , the XPS survey spectrum of our best sample a-C (2 nm -900 °C) shows carbon located near 284 eV, oxygen located near 533 eV and some residual of nickel. The presence of the oxygen might be due to top-surface oxidation and contamination after the a-C film synthesis and/or during thermal annealing at 10 -2 mbar. The nickel traces confirm what was observed by SEM and AFM. Figure9bshows the C1s deconvolution into two components.The first one is centered at 284.4 eV and assigned to sp 2 hybridized C atoms in graphene. This component is the most intense and prominent in graphitic carbon indicating that most of the amorphous carbon has been transformed to graphene or graphitic carbon[START_REF] Blume | Characterizing Graphitic Carbon with X-ray Photoelectron Spectroscopy: A Step-by-Step Approach[END_REF]. The other less intense component is located at 285.2 eV, corresponding to C-O bonds. Figure 9c shows the O1s decomposed in two components. The first component, located at 533.4 eV, and corresponds to O-C bonds. The second component, located at 531.7 eV, corresponds to O-C=O oxygen group[47-49].

Figure 9 :

 9 Figure 9: XPS spectra of sample a-C (2 nm -900 °C): (a) XPS survey spectrum; (b) XPS C 1s spectrum; (c) XPS O 1s spectrum.

Figure 10 :

 10 Figure 10: Transmittance curve as a function of wavelength for both: as-deposited sample (bottom) and the synthesized bilayer graphene after thermal annealing and FeCl 3 etching (top). The inset at the top figure shows the bilayer graphene after Ni etching.

  

Table 1 :

 1 Summary of the growth conditions.
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