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1. Summary 
Diamond-like carbon DLC coatings are well-established in numerous technical fields such as 
automotive industry, machine elements, cutting and forming tools. Challenges in the daily DLC 
coating business arise due to complex substrate geometries and their variable arrangement, 
which lead to non-uniform film thickness and film properties. Sharp edges of substrates can 
cause enhanced intrinsic film stress and ablation which impairs the long-term applicability of 
the coated products. Currently, every coating campaign with new substrate configuration 
requires initial experiments in order to determine proper process configuration and substrate 
arrangement. This significantly limits the efficiency and sustainability of the DLC coating 
business.  

In order to overcome these issues, the project DLCplus aims to establish a simulation model 
of the deposition of DLC coatings with acetylene (C2H2) as precursor via plasma enhanced 
chemical vapor deposition (PECVD) or physical vapor deposition (PVD) with C2H2 as reactive 
gas. Three research groups are involved, namely 

Table 1: Overview of the consortium of DLCplus and main roles. 

Acronym Institution Role in DLCplus 
IST Fraunhofer Institute for Surface Engineering and 

Thin Films, Braunschweig, Germany 
Modelling and experiments of the PECVD 
deposition process, scientific coordination 

EFDS Europäische Forschungsgesellschaft dünne 
Schichten e.V., Dresden, Germany  

Administrative coordination 

UNAMUR Research unit for analysis by nuclear reactions 
(LARN), University of Namur, Namur, Belgium 

Modelling and experiments of the PVD 
deposition process, modelling of DLC film 
growth 

MaNo Materia Nova, Mons, Belgium Experiments on PVD deposition with 
additional ion source, administrative 
coordination in Belgium 

 

The simulation approach is based on a multiscale scheme consisting of kinetic simulation of 
the deposition process conditions in combination with atomistic modelling of the film growth 
by kinetic Monte Carlo method (kMC). This concept, which is referred to as virtual Coater, has 
been implemented and applied for optical coatings deposited by PVD in two previous Cornet 
projects, namely Computer Aided Process Refinement for Intelligent Coatings (CAPRICe, IGF 
101 EN, 01.07.2013  31.10.2015) and Virtual Coater for Industrial Applications (VICIA, IGF 
199 EN, 01.09.2017  29.02.2020). An example of a validated multi-scale simulation of 
reactive TiO2 deposition by PVD is given in [4, 5], the structural modelling of optical coatings 
by Molecular Dynamics method is discussed in [6]. 

In comparison to PVD, a major challenge in PECVD deposition processes is the large amount 
of plasma chemical reactions with numerous radical and ion species. This also implies a 
complex plasma-wall interaction and thus, a more advanced film growth model is required. 
Consequently, the main objectives in this project are to further refine the existing simulation 
tools and apply them in test cases with experimental validation. The model refinements 
includes to compile and implement a plasma chemical reaction data base for C2H2 based 
discharges, a kinetic plasma-wall interaction model, and further-development of the kMC code 
NASCAM [15] towards reactive processes with multiple precursors.  
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Several simplifications with respect to the number of reactive species and reactions were 
made, which are in accordance to the low-pressure deposition conditions of the PVD / PECVD 
processes, which are of most relevance for the participating industrial users committee. In 
parallel, deposition experiments were carried out at various PVD and PECVD coaters at the 
research partners in order to create in-situ plasma diagnostic process data and film analyses 
for validation. Finally, we performed a preliminary case study of an industrial PECVD coater 
from Hauzer in order to demonstrate the feasibility and applicability of the refined simulation 
framework. For further transfer of the project outcome to the industry, subsequent project 
activities aiming on application and simplification of the new simulation framework are 
required.  

Within DLCplus, plasma-diagnostic measurements of PECVD deposition processes were 
carried in a bachelor thesis of Thomas Nick [8] supervised by University of Hannover and 
Fraunhofer IST. The development of the plasma chemical reaction data base and wall 
interaction model adapted to the process conditions was performed in the course of a PhD 
thesis of Antoine Fauroux at University of Namur. The PhD thesis work resulted in two joint 
publications [9, 10], and the thesis will be defended in September 2021 with supervisors from 
University of Namur, Materia Nova, Fraunhofer IST and Robert Bosch Manufacturing 
Solutions GmbH, who is participating in the users committee of this project.  

  


