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The aim of the present work was to deposit nanostructured diamond-like carbon (NDLC) coatings 
with various admixtures (silicon, oxygen, nitrogen, tungsten etc.) on several different substrate materials 
(silicon, glass, polycarbonate and steel) in dual frequency capacitive r.f. discharges. The higher 
frequency was 13.56 MHz, the lower frequency was in the range from 100 to 300 kHz. The aim of the 
present work was to achieve with combination of high frequency excitation (ensuring plasma stability 
and its high density) and low frequency excitation (controlling the ion energy) controlled growth of 
NDLC films. The objective of our study was to find the optimum combination of the high and low 
frequency (continuous or pulsed) excitation enabling to cover uneven substrate surfaces and significant 
lowering of the internal stress in films. Complex diagnostics of the dual frequency plasma was done in 
order to understand the plasma processes during the NDLC film deposition and their role in the film 
growth. For the plasma diagnostics the optical emission spectroscopy, capacitively coupled planar ion 
flux probe measurements and gas chromatography with mass spectrometry of stable plasma products 
were used.   

The structure of the prepared films was studied with infrared absorption spectroscopy (FTIR) and 
X-ray photoelectron spectroscopy. Complete atomic compositions, including hydrogen content and film 
densities, were determined by combination of RBS and ERD analyses. The complex dielectric function 
of the films was determined from ellipsometric measurements in the range from 1.5 to 6.5 eV. Laser 
Desorption-Ionisation – Time of Flight Mass Spectrometry (LDI-TOF) was used to study the deposited 
films. It was found that LDI-TOF mass spectrometry can serve as a rapid tool for the characterisation of 
NDLC layers with different admixtures. Important changes in the modified NDLC film properties, which 
are achieved increasing the silicon content in film atomic composition above 9at%, can be easily 
monitored from the LDI-TOF mass spectra proving the formation of polymeric compounds.  

The mechanical properties of prepared coatings (e.g. hardness, elastic modulus, fracture 
toughness, coating/substrate adhesion etc.) were studied by means of indentation techniques using 
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Fischerscope H100 tester, Nanoindentor XP with CSM option and ultrananoindentor UNHT (CSM). The 
hardness of the prepared films was in the range from 16 to 25 GPa, the elastic modulus was in the range 
from 100 to 160 GPa. The tribological properties were studied using CSM pin-on-disc tester. The 
friction coefficient of studied films was found to be in the range from 0.04 to 0.1. The effect of intrinsic 
stress on the coating properties was investigated. The dual frequency arrangement enabled to minimize 
the intrinsic compressive stress in coatings. Analysis of the evolved crack morphology by means of 
optical microscopy, scanning electron microscopy (SEM) and atomic force microscopy (AFM) revealed 
a significant increase in interfacial fracture toughness for the modified DLC films compared to the pure 
DLC films.  

The dynamic impact wear tester has been used to evaluate the impact wear resistance of the 
coatings.  After each the test, wear scars were evaluated by means of confocal microscope and 
profilometer. On the basis of above described investigation nanocomposite coatings with enhanced 
mechanical properties (high hardness, adhesion, fracture toughness, low intrinsic stress) were prepared.  

The thermal stability of the prepared films was studied using thermal desorption spectroscopy.  
Using the silicon, oxygen and nitrogen admixtures, the desorption of hydrogen was shifted to higher 
temperatures  450 - 550°C compared to pure DLC (~350°C). After annealing the NDLC films in the 
temperature range from 450 to 1000°C, the hardness and elastic modulus had a slightly increasing 
tendency with increasing temperature. Like the desorption temperature of the hydrogen for the studied 
films was exceeded, the compressive stress decreased to almost zero.   
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