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ABSTRACT: In recent years, scientists have found that some metal elements doped diamond-like carbon (Me-DLC) films can
form a special self-organized layered nanostructure in the deposition process. This nanostructure can overcome the complexity

and limitation of artificially controlled preparation for multilayer films, and endow the films more excellent performance. Here,
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the formation mechanism and influencing factors of the self-organized multilayer (SOM) structure in Me-DLC films were

mainly illustrated. The effects of metal types, metal contents, deposition conditions (pulse frequency, substrate bias, flow ratio,

deposition temperature and deposition time) and deposition methods on the formation of SOM structures and dimensions of

metal-rich layer thickness, carbon-rich layer thickness, layer number, etc. were elaborated. Four types of the formation

mechanisms for the SOM structure consisting of the ion rearrangement, the metal catalysis, the induction by strong ion

irradiation and the target poisoning were emphatically introduced. Moreover, some deficiencies in the current research work

were also discussed. For instance, the formation mechanism of the SOM structure was unclear yet. All of the four mechanisms

mentioned above had limitations, and it was still a scientific difficulty to realize the internal control of the SOM structure by

designing process parameters. On this basis, the further researches of the SOM structure in carbon-based films were also

proposed.

KEY WORDS: metal-doped diamond-like carbon; phase separation; self-organized multilayer; metal-rich layer; carbon-rich

layer; influencing factors; formation mechanism
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Tab.1 Thickness of MoS,-rich layers and Mo-S-C
composition layers for the MoS,/Mo-S-C film in Fig.1""

MoS,-rich
layers

Thickness/nm 4.1 4.6 5.7 7.1 7.3 8.0 8.0 8~9

1-D 2-D 3-D 4-D 5-D 6-D 7-D n-D (>7)

Mo-S-C layers 1-B 2-B 3-B 4-B 5-B 6-B 7-B n-B (>7)
Thickness/nm 2.3 2.5 2.7 2.7 2.7 2.1 25 2~4
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Fig.2 TEM cross-sectional images of Ni-DLC films, Cu-DLC films and Pt-DLC films at Ar/CH,

ratio of 1 (a power of 100 W, and a pressure of 1.33 Pa
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Fig.3 TEM cross sectional images of the Ni-DLC films grown at 500 ‘C with different Ni contents
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Fig.4 TEM cross-sectional images of Ti-DLC films deposited with increasing pulse frequencies

(circles in white color mark TiC nanoparticles, the substrate bias voltage is —40 V)
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Fig.5 Cross-sectional TEM views of C/Cr-DLC films deposited at different bias voltage
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Fig.6 TEM cross-sectional images and SAED patterns of Cu/Cr-DLC films prepared with different flow ratios of Ar/C,H, ")
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Fig.7 TEM cross-sectional images of Ni-DLC films with the Ni content of ~15% grown at RT (a), 300 ‘C (b), and 500 C (c), respectively
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Fig.8 TEM cross-sectional images of Cu-DLC films at various CH, concentrations with
the deposition time of 5 minutes, 20 minutes, and 40 minutes
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Fig.9 Plasma emission spectra of the Cu and Cr during the
deposition process for Cu-DLC (a) and Cr-DLC films (b)
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Tab.2 Information comparison for four mechanism models

Me

chanism type Major factors Distinction

References

Ion rearrangement

atoms, stability of metal or metal carbide clusters

Ion collisions, segregation and preferential re-sputtering of metal Segregation of metal atoms

Strong ion irradiation  Strong ion irradiation, re-sputtering of C atoms, temperature Segregation of carbon atoms  [63-66]
induction of the film growth surface, segregation and diffusion of C
atoms, nucleation of C atoms, stability of C clusters
Metal catalysis Deposition rate, metal catalysis No target poisoning [58-59]
Target poisoning Deposition rate, metal catalysis and coverage of metal carbides Target poisoning included [67]
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