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ABSTRACT: The work aims to investigate the effect of the Ti/Al transition layer on composition, bonding structure, mechani-
cal properties, and adhesive strength of Ti/Al co-doped DLC films (Ti/Al-DLC). Ti/Al-DLC film with Ti/Al transition layer was
deposited on 316L substrates by novel linear ion beam source composited with DC magnetron sputtering process. The interface
morphologies and steady structuresof the films were analyzed by field emission scanning electron microscopy (SEM), X-ray
photoelectron spectroscopy (XPS), high resolution transmission electron microscopy (HRTEM), and confocal laser Raman spec-
troscopy. In-depth composition analysis of the sample was performed by glow discharge spectrometer, and the nano-indentation,
scratch tester system, and residual stress meter were used to evaluate the hardness and elastic modulus, adhesive strength, and
internal stress, respectively. Compared to the film without transition layer, the film with Ti/Al transition layer was slightly af-
fected in the structure and mechanical properties and the optimal mechanical properties were achieved at the sputtering current
of 2.5 A. When the sputtering current was 2.5 A, the addition of a Ti/Al transition layer increased the adhesive strength from
54.5 N to 67.2 N, which increased by 19% compared to the film without transition layer. Moreover, the residual stress decreased
from 1.28 GPa to 0.25 GPa, which decreased by 80% significantly. The Ti/Al transition layer can further reduce the difference in
lattice strain between the DLC film and the substrate and the high interfacial stress caused by the different expansion coeffi-
cients. The typical columnar crystal structure for the transition layer formed between the film and the substrate can promote the

mechanical interaction between the film-based interfaces and significantly improve the adhesion between the film and the sub-
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strate without damaging the mechanical properties.

KEY WORDS: diamond-like carbon film; Ti-Al co-doped; transition layer; residual stress; mechanical property
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Fig.1 Schematic diagram of P600 hybrid ion beam physical vapor deposition coating system (a) and cross section of system (b)

%1 Ti/AI-DLC BRI ITE
Tab.1 Deposition process of Ti/Al-DLC film

Sputtering current/A  Flow rate of Ar/(mL-min™") LIS current/A

Flow rate of C,H,/(mL-min ")

Target bias/V Time/min

1.2,25.3 70 0.2

10 =50 102, 62, 58, 55

®2 TIAIEEERHRRIZ

Tab.2 Deposition process of Ti/Al transition layer

Sputtering current/A Flow rate of Ar/(mL-min™") Bias/V Time/min
4 55 -100 16
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Fig.2 Relationship between (a) thickness, (b) contents of Ti, Al, C and the sputtering current
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Fig.3 Morphology and deep analysis of components on thin film surface at sputtering current of 2.5 A:
a) SEM of film without Ti/Al transition layer; b) SEM of film with transition layer; c) deep analysis of components
on film without Ti/Al transition layers; d) deep analysis of components on film with transition layer
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Bl 4 & TI/AL R Ti/AI-DLC #EA TEM FHfEH
Fig.4 TEM interface morphology of Ti/Al-DLC films with Ti/Al transition layer

Kl's  frid U2 Ti/AI-DLC MY XPS 1 [&145
Fig.5 XPS spectra of Ti/Al-DLC films with Ti/Al transition layers: a) Al 2p after XPS fitting;
b) C 1s after XPS fitting; c¢) C 1s peak after XPS peak fitting
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Fig.6 Raman spectra and fitting results of Ti/AI-DLC films with Ti/Al transition layer:
a) raman spectra; b) position of |/l and G peaks after fitting
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Fig.7 Relationship between the residual stress, hardness, elas-

tic modulus, H/E, or H*/E? and the sputtering current of
Ti/Al-DLC films with Ti/Al transition layer
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Fig.8 Scratch morphologies of Ti/Al-DLC
films with Ti/Al transition layer and without transition
layer at a sputtering current of 2.5 A

B9 & Ti/Al U2 Ti/AI-DLC W T 45
Fig.9 Scratch morphologies of Ti/Al-DLC films with Ti/Al
transition layer: a) scratch profiles of 3 mm/min at different
sputtering currents; b) scratch profiles of 5 mm/min at dif-

ferent sputtering currents
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