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FRICTION AND ENERGY LOSS



DIAMOND LIKE-CARBON (DLC)

Solid lubricant 
Amorphous 

Excellent tribological properties 



DIAMOND LIKE-CARBON (DLC)

+
Sp3 (diamond) Sp2 (graphite)

Thickness 0,01-2 µm  



TERNARY DIAGRAM

ta-C (sp3 80-88%) 
ta-C:H (sp3 70% - H 30%) 
a-C:H (sp3 40-60% - H 30-50%)



PVD - SPUTTERING

Atomic ejection 
Kinetic Energy 

Threshold energy 



DC SPUTTERING

• Target (cathode) 
• Substrate (anode) 
• UHV (10-7 Pa) 
• 0,5 - 5 kV 

GAS 

Non Reactive Reactive 



MAGNETRON SPUTTERING (MS)

Magnetron

Water cooling

Target material

Plasma

Magnetic trap



MAGNETRON SETTING

3 KIND OF MAGNETRON: 

1. BALANCED MAGNETRON 
2. UNBALANCED I

3. UNBALANCED II
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Experimental parameters: 

- Target: Graphite 75mm diameter

- Substrate: Silicon wafer pre-sputtered

- Gas: Argon pure (99,99%)

- Working pressure: 10-3 Pa

- Working Temperatures: 50, 80, 125 and 180 °C


From 50 °C to 80°C —> increase

Higher 80 °C —> decrease




RAMAN SPETTROSCOPY 

Raman spectra of the DLC films deposited at different substrate temperatures 

Experimental results for DLC films with different substrate 
temperatures using Raman spectroscopy 



Beeman model to estimate sp3/sp2 ratio 
from G peak position  

Beeman Model

From 50 °C to 80°C —> sp3 increase 
Higher 80 °C —> sp3 decrease 



Vickers test + uniaxial traction test 

MECHANICAL PROPERTIES

125°C higher order carbon atoms



High hardness (H)

MECHANICAL PROPERTIES

High elastic modulus (E)
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