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Abstract: Diamond-like carbon (DLC) films, known for their outstanding hardness, high elastic modulus, low friction
coefficient, and excellent wear resistance, are ideal solid lubricants for achieving engineering superlubricity in aerospace
and automotive applications. However, their poor thermal stability and insufficient adhesion strength between the film and
the substrate severely hinder their widespread industrial application. Herein, the structural characteristics and typical
deposition methods of DLC films are reviewed, and an in-depth analysis of how elemental doping and multilayer structure
design modulate the film structure and tribological performance is provided. Moreover, it elucidates how theoretical
simulation methods such as molecular dynamics reveal the microscopic regulatory mechanisms of these experimental
modification strategies as well as the superlubricity mechanisms of DLC films at the atomic scale. Finally, the current
challenges in DLC tribology research and future research directions are discussed.
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Fig.1 Schematic diagram of the superlubricity mechanism of H-DLC and the high-temperature lubrication failure mechanism of DLC

films: (a) schematic diagram of the superlubricity mechanism of H-DLC; (b) schematic diagram of the high-temperature lubrication
failure mechanism of DLC films!""*
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Fig.4 TEM micrographs of Ti-DLC films and their mechanical properties and adhesion at various Ti doping levels: (a) TEM image of
the Ti-DLC film with a Ti doping content of 1.82 wt.%; (b) hardness, Young's modulus, and residual internal stress of Ti-DLC films

with different Ti doping contents; (c) adhesion of Ti-DLC films with different Ti doping contents™!
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Fig.5 Microstructure and nanoindentation surface morphologies of Cr-DLC films: (a) HRTEM image and SAED pattern of the
Cr-DLC film with a concentration of 16.5 at.%, (b, ¢) nanoindentation surface morphologies of DLC films with 0 at.% and
16.5 at.% Cr-doped concentrations™!
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Fig.6 HRTEM morphology and EDS mapping of the wear track of the Cu/a-C:H films: (a) cross-sectional HRTEM morphology of the
wear track in the stable friction stage; (b, ¢) HRTEM images of boxes b and ¢ in (a); (d) EDS mapping of the wear track™
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Fig.7 Schematic diagrams of the wear mechanism of the coatings: (a) DLC; (b) CrN; (¢) CrN/DLC/Cr-DLCP¥
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Fig.8 Schematic diagrams of the friction process and interfacial evolution of H-DLC films: (a) schematic diagram of the friction
simulation process for H-DLC films; (b) evolution of the friction interface of H-DLC films over time!®
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Fig.9 Shear localization and structural transformation of a-C film: (a, c) system snapshots at steady-state friction stage under 80 and
4 GPa, respectively (atom color represents the averaged CBOA value); (b, d) depth profiles of averaged CBOA value and sp*C fraction
corresponding to (a) and (c), respectively (shear band positions are marked by dashed rectangles)
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Fig.10 Transfer film formation mechanisms at the a-C:H/SiC interface: (a) surface adhesion induced; (b) hydrocarbon emission
induced™
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Fig.11 Compressive stress and bond structure characteristics of Ti-DLC films with different Ti doping contents: (a) compressive stress
of Ti-DLC films with different Ti doping contents; (b) bond angle distribution curves of Ti-DLC films; (c) bond length distribution
curves of Ti-DLC films; (d) fractions of distorted bond angles and bond lengths in Ti-DLC films'®”
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Fig.13 Alternating-energy-deposited DLC films: (a) structural configuration; (b) residual stress distribution along the z direction;
(c) friction coefficient diagram!®!
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