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INTRODUCTION: Diamond-like carbon (DLC) 

thin films are suitable protective coatings thanks to 

their outstanding mechanical and tribological 

properties combined to a relative chemical 

inertness and long-term stability1. Thus, it makes 

them particularly attractive to protect metallic 

implants from corrosion and erosion. However, 

DLC presents a lack of adhesion on metallic 

surfaces caused by a poor interaction with native 

oxide layers leading to films delamination arising 

from DLC intrinsic high compressive stresses. An 

effective strategy to overcome adhesion issues 

consists in the creation of interfacial layers. Based 

on this statement, we investigated the use of a 

simple plasma procedure to form metallic carbides, 

an excellent interface to promote DLC adhesion, 

directly on the surface of stainless steel. 

METHODS: Clean 316L stainless steel (SS316L) 

disks were subjected to electropolishing2. The 

plasma treatments were performed at low-pressure 

with a 13.56 MHz FLARION series system1. They 

consisted in three successive steps: (i) argon 

etching to etch the native oxide layer, then (ii) 

carburation to form a metallic carbides rich 

interface, before (iii) DLC deposition. All the 

plasma parameters explored were given in Table 1. 

By varying the treatments time and substrate bias 

voltage, the ions flux and energy were varied and 

their impact on the interface composition, 

thickness, morphology, texture and DLC 

properties were assessed by XPS, AFM and SEM 

analyses. DLC adhesion was evaluated by using 

small punch tests3 followed by SEM imaging. 

Table 1. Plasma parameters. Power fixed at 100 W 
 

Step Gas Gas flow 
mL/min 

Pressure 
(Pa) 

Bias 
(V) 

Time 
(min) 

Etching Ar 20 6.7 300 0-10 
Carburation CH4 50 1.3 200-700 0-40 
Carburation CH4/H2  50/3 1.3 700 0-10 

Deposition CH4 50 1.3 90 20 

RESULTS: XPS results evidence that the 

presence of carbides are located only on the 

topmost outer layers (first few nanometers). Also, 

carbides concentration is strongly correlated to the 

treatment time and the applied bias. That said, 

carburation by CH4 plasma appears the most 

effective approach for the etching of the native 

oxide layer, whilst exhibiting an amorphous and 

low roughness interface (Fig. 1a), e.g. 20 min with 

-700 V bias. Besides, this specific carburation 

condition has promoted DLC deposition and 

adhesion, as seen in Fig. 1b. Indeed, after 

deformation, the DLC coating did not delaminated 

whereas the one non carburated did.  

 

Fig. 1: SEM images of non carburated sample (left) 

and 20 min CH4-carburated one (right): (a) interface 

amorphisation, (b) DLC film cracks without 

delamination after small punch test. 

DISCUSSION & CONCLUSIONS: The carbides 

presence allowed to stabilize and to promote DLC 

thin film deposition, in specific conditions. The 

best DLC adhesion and deposition were obtained 

on carburated samples by CH4 during 20 min at a 

bias of -700 V. Further, this plasma led to interface 

amorphisation, which would protect the metal 

from corrosion. By controlling plasma parameters, 

it is thus possible to meet the requirements for the 

application of DLC thin films on SS implants. 
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