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1. Introduction
Carbon films attract the scientific interest because of 

their unusual structure and properties. They are typically 
denser, tougher and more resistant to chemical attacks than 
any other hydrocarbon or solid carbonaceous polymer1. 
Graphene is a monolayer of carbon atoms arranged in a 
hexagonal lattice, and has attracted a great interest because 
of its unique structure and promising properties2. It is 
extremely strong with a reported breaking strength of about 
40 N/m and Young’s modulus of about 1 TPa3. It also exhibits 
flexibility, it can crinkle and bend4. The presence of strains 
in graphene can induce a pseudo-magnetic field greater than 
300 T5 and also changes its electronic structure6. The growth 
of graphene cannot be described by a universal mechanism 
with specific routes and conditions. Actually, there is a 
variety of synthesis strategies and growth modes7. A good 
mechanism for its growth is the use of metal catalysts on 
which free carbon radicals are formed, carbon is dissolved 
in the catalyst, and finally precipitates and crystallizes at 
the surface8. It has been observed that an amorphous carbon 
film is taken up by Fe, Co, or Ni films at temperatures above 
600 °C9. The nucleation and subsequent growth of graphene 
layers on the catalyst metal occur after the dissolution of 
the amorphous carbon film. The literature reports that the 
transformation of amorphous carbon to graphene occurs 
by diffusion of carbon atoms through the catalyst metal9. 
The synthesis of graphene by epitaxial growth on transition 
metals has been previously reported10-13.

It has been observed that thin films produced by other 
processes such as chemical vapor deposition (CVD), are highly 
pure and present good quality crystal structures. However, 
the film stoichiometry and adhesion to the substrate is quite 
poor. On the other hand, high purity films cannot be produced 
by sputtering techniques because of the contaminated species 
in the plasma, which can be simultaneously deposited on the 
substrate, but good film adhesion to substrates can be obtained 
and the target stoichiometry is maintained in the deposited 
films. Such characteristics are achieved when co-deposition 
techniques (doping the films with other materials) are used.

Raman spectroscopy is one of the best-known techniques 
for graphite/graphene characterization. Raman spectra 
obtained from different regions of a carbon film deposited 
by magnetron sputtering showed 5 stages13 of growing 
crystallization. The  first stage refers to the presence of 
disordered carbon atoms, the second one indicates a higher 
degree of crystallinity; the third one refers to single-crystalline 
graphite, the fourth one to the double layer graphene, and 
finally the fifth and last one to monolayer graphene13. These 
spectra, when overlaid, show that there is a reduction in the 
D band, a narrowing, and intensity increase in the G band, 
and the arising of the 2D band, as the film crystallizes from 
amorphous to the monolayer graphene13.

In this work, the deposition of thin carbon film by 
magnetron sputtering on Co buffer layer previously deposited 
on heated sapphire substrates was performed aiming to 
obtain graphene layers. 
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1. Materials and methods
1.1 Deposition

The carbon/cobalt depositions were performed using an 
ATC 2000 Sputtering System (Aja International equipment) 
by DC magnetron sputtering technique from a 99.999% pure 
Kurt J. Lesker graphite target, and a 99.99% pure cobalt 
target, respectively. The substrate was sapphire orientated 
on c-plane (0001), 1x1 cm2, and the substrate/target distance 
was kept at 15 cm. The rotating substrate-holder was kept 
at 600°C by thermal radiation from internal incandescent 
lamp bulbs during the whole process. The pressure before 
inserting a mixture of Ar and 5% of H2 was 2 x 10-7 Torr. 
The deposition of Co was carried out during 16 minutes, 
with the DC power supply set to 100 W, working pressure of 
5 mTorr and gas flow of 20 sccm. For the C deposition, during 
1 hour, the DC power was 150 W, the working pressure was 
15 mTorr and the gas flow was 40 sccm. A heat treatment 
was performed in a Lindberg/Blue tube furnace under a 
2.85 x 10-5 Torr, using an Oerlikon Leybold vacuum Pump 
System PT50, during 10 minutes at 850 °C.

1.2 Characterization
The morphological characterization of the samples was 

performed using a field emission gun scanning electron 
microscope (FESEM, JEOL JSM-7500F), and a high-resolution 
transmission electron microscope (HR-TEM JEOL 3010), 
300 kV with LaB6 filament). The structural characterization 
was performed by a Miniflex II Rigaku X-Ray Diffractometer 
equipment with KαCu radiation and the Raman spectroscopy 
by a HORIBA JOBIN–YVON model LabRAM HR 800 
spectrometer, operating with laser He–Ne 632.81 nm with 
a CCD camera model DU420AOE-325.

For the measurement of the carbon thin film thickness 
it was used the Rutherford Backscattering Spectrometry 
(RBS) and the Nuclear Reaction Analysis (NRA) for the 
nuclear reaction 12C(4He,4He)12C, at the alpha beam 
energy of 4.256 MeV. The spectrum was analyzed with the 
aid of the SIMNRA15. This measurement was performed for 
a carbon film produced with the same deposition conditions 
described above (C deposition during 1 h with RF power 
of 150 W) on (100) Si substrate and it was obtained 2.6 nm 
for the C thickness.

2. Experimental results and discussion
2.1 Morphological studies

Figure 1 shows the FEG-SEM micrograph of one of 
the carbon/cobalt deposited sample on a c-plane (0001) 
sapphire substrate, keeping the substrate heated, as previously 
described. The partial coalescence of Co grains can be seen.

2.2 HRTEM and EDS
High-resolution transmission electron micrographs 

(HRTEM) are shown in Figures 2a and 2b of two different 
regions of the C/Co surface after heat treatment. In Figure 2a, 
crystalline structures (red circles) related to the cobalt film can 
be seen. The method used for the preparation of the sample 
for the HRTEM was based on scrapping the sample with a 
quartz point and depositing it on the HRTEM grid. Figure 2b 

shows a material that has been reported in the literature14 as 
“Onion-Like-Carbon (OLC)”, where several carbon planes 
are rolled forming a circular structure, which resembles an 
onion with its concentric layers. The curving and closure 
of these newly formed graphitic planes occurs to minimize 
their surface energy14. Figure 2c shows the EDS spectrum of 
the “Onion-Like-Carbon” structures (Figure 2b). The intense 
carbon peak confirms the composition of the “onion-like” 
structures. The presence of a Cu peak is related to the grid 
used for HRTEM measurements. O and Si peaks are probably 
due to contamination during the sample preparation for 
HRTEM measurements. The interplanar distance shown in 
Figure 2b was measured by the use of the ImageJ software. 
The obtained value is in the range of 0.345 to 0.350 nm 
and corresponds to the interplanar distance of graphite, as 
previously reported in the literature.

2.3 – Films’ crystallinity
The crystallinity of the carbon film was investigated 

by the XRD measurements. In the XRD pattern shown in 
Figure 3, there is a peak at ~ 2θ = 26.5° (ICSD 01-089-8487) 
that can be associated to the presence of graphite structures. 
There is also a peak related to the sapphire substrate (Al2O3) 
at 2θ = 20.5° (ICSD 01-073-1199). The XRD measurements 
were conducted in the theta-2theta configuration and the 
results corroborates the Raman spectra (see next section), 
where there is a band related to crystalline carbon films and 
another band to amorphous ones.

2.4 – Raman spectroscopy
Figure 4 shows the Raman spectrum corresponding to 

the carbon film deposited on sapphire substrate heated at 
600 °C and working pressure of 15 mTorr.

Comparing the spectra previously reported13 with those 
obtained in the present work, it can be seen that the film 
deposited under 15 mTorr is in the initial stage of crystallization. 
In this stage, the D band (vibrational mode of amorphous 

Fig.1 – FEG-SEM micrograph of the sample deposited on c-plane 
(0001) sapphire substrates, heated at 600 °C and with working 
pressure of 15 mTorr showing Co islands randomly distributed and 
some are interconnected.
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Fig. 2 – (a) HRTEM image of the sample treated in high vacuum showing crystalline structures related to cobalt randomly distributed; 
(b) HRTEM image of another region of the sample, where there is the presence of “Onion-Like-Carbon” structures; (c) EDS spectrum 
of the structures shown in Figure 2b.

Fig. 3 - X-Ray diffraction pattern of the sample that underwent heat 
treatment in vacuum, at 850°C for 10 minutes. Fig. 4 – Raman spectrum of the carbon thin film.



Costa e Silva et al.672 Materials Research

carbon) is more intense than the G band (vibrational mode 
of ordered carbon), and the 2D band that normally appears 
for graphite and graphene films, being much more intense 
than G band for the monolayer graphene structure. Normally, 
the 2D and G bands have the same intensity for bilayer 
graphene structure.

3. Conclusions
In this work, evidences are shown that carbon films 

deposited by magnetron sputtering on Co buffer layers 
previously deposited on heated sapphire substrates present 
amorphous and crystalline regions. This could be confirmed 
by the Raman spectrum that shows the D band related to 
amorphous carbon, but also the G and 2D bands related to 
crystalline carbon structures. The XRD patterns evidenced 
the presence of graphite and the HRTEM micrographs 
indicated the presence of graphite planes and OLC structures 
whose interplanar distances were measured. There is a strong 

motivation for further research to obtain graphene, by adjusting 
the parameters used for magnetron sputtering. This process 
may become an alternative method for the production of 
crystalline carbon films, controlling the number of layers of 
graphene films, in order to use them in advanced scientific 
researches and applications.
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