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Nowadays, DLC films are successfully utilized in several fields: as scratch-resistant and wear 

protective coatings on optical components, plastics, cutting tools, razor blades and magnetic 

recording media, chemical inertness, optical transparency in the infrared region, high thermal 

conductivity and biocompatibility. There are wide variety of methods for depositing Carbon films 

using either solid C sources, namely techniques such as filtered cathodic vacuum arc [1-2], ion 

activated electron beam evaporation [3], and laser-assisted evaporation [4], or hydrocarbon 

gaseous precursors decomposed by plasma enhanced chemical vapor deposition (PECVD) using 

radio frequency (RF)  [5], electron cyclotron resonance (ECR) , [6] RF-assisted ECR  [7], RF-

assisted microwave [8], and plasma beam source [9]. The main advantages of the PECVD 

technique are the possibility of deposition on a large area and at low temperature growth, as this 

could permit the use of a much wider range of substrate materials of industrial importance, such as 

aluminum, GaAs, nickel, and steel which are fit well for major goal in the field of diamond CVD. 

In the microelectronics industry, radio frequency plasmas (RF) have been important production 

tools. On the other hand, the commercial use of microwave excited plasmas (MW) at 2.45 GHz 

has been increased. Compared to RF plasmas, microwave-excited plasmas illustrate a higher 

plasma density and ionization ratio [10]. A dual frequency plasma enhanced chemical vapor 

deposition has been used to deposit diamond like carbon (DLC) films. It consists of a surface 

wave coupled microwave (MW) at 2.45 GHz and capacitively coupled radio frequency (RF) at 34 

MHz which has the advantages of depositing DLC films at low temperature compatible with usual 

temperature sensitive substrates, controlling the density of ions, species and their energy, 

independently. From a variety of hydrocarbon gases, we have used CH4 as a carbon containing 

precursor diluted in Hydrogen. In the course of process the H2 gas is injected in the MW region 

for exchanging to H atoms and radicals. Then CH4 is injected in the RF part. In the dual frequency 

plasma, atomic Hydrogen produced in the MW plasma and electrons due to the RF plasma both 

participate in the Methane decomposition.  The quality of the films can be controled by changing 

the plasmas parameters. We have used Raman spectroscopy to determine the quality of the 

synthesized films.  



Typical recorded Raman spectra of the deposited and treated samples have been done. The main 

Raman shift spectral region can be considered in the 1100-1700 cm-1 region corresponding to the 

G and D mode bands of the sp3 carbon. Similar bands can appear in the Raman spectra of sp2 

carbon in the same spectral region corresponding to the graphite structure. However, Wagner et 

al., 31, have suggested that the peaks due to sp2 and sp3 carbon are different in the D and G mode 

region. The intensity of the ID/IG band can be considered as a main parameter in analyzing the 

quality of the synthesized carbon structures.  

The Raman features in the D and G modes regions are two relatively broad bands at around 1300-

1400 cm-1 and 1500-1600 cm-1 spectral region, respectively. In the Raman spectra of the sample 

deposited on the pre-heated substrate to 50 ○C, the G mode is a rather broad band with two 

distinct centers at 1523 and 1549.1 cm-1 related to the optically allowed E2g-zone center of 

crystalline graphite, G, mode. A rather weak band related to the disorder-allowed zone edge mode 

of graphite, D mode, also is observed at lower wavenumbers with center at around 1322.1 cm-1. 

The intensity ratio of ID/ IG is 0.159. However, the G mode band in the sample on the substrate 

which was pre-heated to 30 ○C a broadening and sharpening of the D mode and also some weak 

bands as shoulders have appeared in the low frequency part of the D mode band and at around 

1100-1300 cm-1 region. The ID/ IG ratio for this sample is around 0.229 which is about 50% 

higher than the previous case. So, there is a clear variation of the intensity ratio of IG/ ID in the 

recorded Raman spectra and a distinct increase in the ratio is observed for the sample prepared at 

substrate pre-heated to 50 ○C. There is also a clear broadening and sharpening of D Raman active 

modes in our recorded Raman spectra for the samples prepared on the substrates with lower 

temperatures. A clear shift to higher wavenumbers for the G mode of the samples prepared on 

substrates at higher temperatures is also obvious in the recorded Raman spectra.  It can be claimed 

that increasing the temperature of the substrates to higher temperature can result to better DLC 

samples.   
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