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Within the universe of wear resistant thin films, diamond-like carbon (DLC) coatings have emerged as the ideal so-
lution for demanding physical applications where components are under high loads or subject to extreme friction, 
wear and contact with other parts.  In these types of environments, only the high hardness of a DLC coating – along 
with a corresponding low coefficient of friction – can prevent parts from pitting, galling, seizing and ultimately failing 
in the field. Coatings within the DLC family can be highly engineered based on hydrogen content (hydrogenated or 
hydrogen-free), the selection of additional metallic and non-metallic doping elements, the presence of sub-layers and 
choice of deposition and bonding methods. Together, these factors can be precisely controlled to create a broad range 
of thin (typically 1 to 5 μm) DLC coatings with a hardness of 8 – 80 GPa. In addition, the desired coefficient of friction, 
surface finish and even application temperature can also be manipulated.
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C-BASED COATINGS CLASSIFICATION AND MAIN 
PROPERTIES
Carbon based coatings are listed in regards of the base 
chemical composition in the VDI 2840 [1] or ISO 20523 [2] 
standard norms. The next table and pictures are reporting 
the structures of the naturally present C-C bond types 
and the wide range which can be obtained artificially in a 
coating machine. 
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Fig.2 - Ternary phase diagram in amorphous C-H materials [3]. / Diagramma ternario di fase on leghe 
amorfe C-H.

Tab.1 -  Classification of the carbon films according to the VDI 2840 guideline. [1] / Classificazione dei 
rivestimenti base carbonio in accordo alla norma VDI 2840.

The most widely known DLC coating type, hydrogenated 
amorphous carbon (a-C:H), is most often applied throu-
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Fig.3 - SEM cross section of a S3p Hydrogen-free DLC / Sezione trasversale al SEM di DLC Hydrogen-free ottenuto 
con tecnologia S3p.

semiconductor wafer handling equipment.

If the DLC coatings are biocompatible and food-safe, they 
can be used as the ideal solution for medical instruments 
and food processing.  

When doped with tungsten, a more ductile tungsten car-
bide carbon (Me-C:H) coating is created that is ideal for 
gear applications, ball bearings and power transmission 
systems that are subjected to high surface pressure and 
where run-in of parts may be required.  On the other hand, 
if a harder surface is required, chromium can be used in-
stead of tungsten.

An alternative to hydrogenated DLC coatings is a family 
of hydrogen-free based coatings that provide even higher 
hardness along with a very low coefficient of friction. 

The challenge historically with hydrogen-free coatings 
and with ta-C deposition in particular, is that the applica-
tion process produces small droplets that contribute to 
a rougher surface finish.  As a result, coating manufactu-
rers must complete secondary polishing processes to 
smoothen the surface. Because of its hardness, it is a ti-
me-consuming and expensive process that requires spe-
cialized equipment. To address this concern, some hy-
drogen-free DLCs are produced using a filtered cathodic 
arc deposition method in which an electromagnetic filter 
removes most droplets. Although this creates a smoother 
surface, a secondary polishing step is still often required, 
and process times are longer for the same coating thick-
ness. 

When an even smoother surface is required, hydro-
gen-free DLC coatings can be applied utilizing a Scalable 
Pulsed Power Plasma (S3p) technology.

S3p is a unique type of High Power Impulse Magnetron 
Sputtering (HiPIMS) technology, which can be seen as 
combining the advantages of the arc evaporation and 
sputtering methods. The very dense plasma yields hard 
coatings with high adhesion (at a level comparable to arc 
evaporation). At the same time, it results in smooth coa-
tings due to the nature of the sputtering process, in which 
atoms are ejected from a target or source material.

The result is a hydrogen-free DLC coating that delivers a 
unique combination of high hardness, low friction and a 
smooth surface. The S3p technology enables the creation 
of coatings with a high level of “diamond” (tetrahedral) 
bonds with hardness up to 40 GPa (indentation hardness, 
HIT). In comparison, conventional DLC coatings have har-
dness levels in the range of 20-30 GPa for a-C:H and only 
10-15 for WC/C. 

The coating process operates at a lower temperature 
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Coating as a design element
Given the number of variables involved with DLC coatin-
gs, it is important that OEMs better understand the ran-
ge of options so they can select the ideal solution for the 
application while also taking into consideration the eco-
nomics. Coatings are effectively an architecture of layers 
engineered to achieve specific properties.
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was defined as single-tooth wear of 4% due to pitting. 
The main factors in these improved figures were the lower 
local surface pressure (Hertzian pressure), which resulted 




