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Review on Surface Wettability Regulation of Diamond-like Carbon Films
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ABSTRACT: Diamond-like carbon films with special surface wettability especially super-hydrophobicity can fulfill the demand
of surface modification of smart interface materials serving under extreme conditions (e.g., in rain or snow weather, humid
environment, or human body) in the fields of machine, electronic, optics and medicine, etc. Herein, the advantages of produce
technique and performances and preparation methods of diamond-like carbon films were overviewed briefly. The application
background of diamond-like carbon films with special surface wettability especially super-hydrophobicity was presented.
Meanwhile, the limitations both in science and technique to freely regulate surface wettability of diamond-like carbon films
were also proposed. In this context, the inherent surface wettability of diamond-like carbon films and its relations with
microstructures (including hybridization state of carbon atoms and short or medium range ordered sp>-C phase cluster

structures) were demonstrated. Next, according to the classical Wenzel and Cassie wetting theories, a comprehensive review was
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presented on the regulation methods mainly from two different aspects, i.e., surface chemical compositions and surface rough

structures, and recent achievements on surface wettability regulation of diamond-like carbon films. On one hand, changing

surface chemical compositions or surface free energy by plasma surface treatment, element doping or surface chemical

modification could promote inherent surface wettability modification (i.e., hydrophilicity to hydrophobicity transition) of

diamond-like carbon films. On the other hand, constructing specific surface rough structures on the micro/nano scales by

substrate surface texturing or film surface morphology design would control the interface wetting state (e.g., Wenzel state,

Cassie state or the transition state) of diamond-like carbon films. These two effects together gave rise to the variation of surface

wettability of diamond-like carbon films between super-hydrophilicity and super-hydrophobicity. Finally, some key scientific

issues that hinder the surface wettability regulation of diamond-like carbon films were proposed, and the research prospects and

directions of this field were also briefly addressed.

KEY WORDS: diamond-like carbon; wettability regulation; chemical composition; surface rough structure; super-hydrophobicity
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Tab.1 Surface roughness, surface energy and water contact angle of DLC films deposited by physical vapor deposition

Preparation method Surface roughness/nm Surface energy/(mJ-m %)  Water contact angle/(°)  References
Filter cathode vacuum arc 0.08 42.8 77.6 [24]
Magnetron sputtering — — 54.0~64.0 [25]
Magnetron sputtering (Ra) 1.29 39.7 68.5 [20]
Magnetron sputtering 0.59~0.64 — 73.5~78.4 [26]
Magnetron sputtering (Ra) 4.40~23.50 34.0~43.7 57.6~82.0 [27]
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Tab.2 Comparison of surface wettability of DLC films treated by different plasmas

Water contact angle/(°)

Preparation method Plasma treatment References
Before treatment After treatment
Magnetron sputtering 105.0 151.0 [35-36]
PACVD CE, 70.1£3.0 92.1£2.6 [37]
PECVD 70.0 135.0 [38]
RF-PECVD 83.0 135.0 [32]
Magnetron sputtering 152.0 <10.0 [35-36]
Magnetron sputtering +CF,4 plasma pretreatment H, 155.0 155.0 [35]
PACVD 70.1£3.0 42.1£6.0 [37]
Magnetron sputtering 152.0 <10.0 [35-36]
Magnetron sputtering +CF,4 plasma pretreatment N, 161.0 161.0 [35]
PACVD 70.1£3.0 42.7£3.7 [37]
RF-PECVD o, 65.4 11.1 [39]
PACVD 70.1£3.0 13.4£1.3 [37]
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