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Abstract: In this study, the soft and hard alternative modulation structure was designed in order to improve the
toughness and tribological properties of single layer Cr,0O;5 films. Moreover, the effects of modulation periods on
mechanical and tribological properties were investigated. The result shows that the toughness and the first critical load
increased with the decreased modulation period. The hardness decreased with the decreased modulation period. The film
with modulation period of 1 075 nm showed good comprehensive properties, i.e. higher hardness, toughness and
adherence strength. And this film exhibited the best wear-resistant performance.
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Table 1 Deposition parameters of the Cr/Cr,0; films

Parameters Specification

Base pressure/Pa 5% 10°
1.4 Pa, -800 V x 50% pulsed bias
0.45 Pa, -100 V x 40% pulsed bias

Ar’” bombardment
Cr layer deposition
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Fig. 1 Schematic of the spherical indentation model
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Fig. 2 The FESEM cross-sectional view of samples: S1, S2, S3, S4
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Table 2 The r/D ratios, hardness and elastic modulus of films S1, S2, S3 and S4

Sample No S1 S2 S3 S4
Modulation period/nm 3450 1657 1075 837
r/D 0.029 0.040 0.064 0.075
E/GPa 229.31 21891 218.85 168.77
Hy/GPa 21.87 21.47 19.34 13.03
Kic/(MPa'm'?) 3.39 4.67 9.17 9.45
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Fig. 3 SEM micrographs of circumferential crack after spherical indentation
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Fig. 4 The toughness (K;c) and hardness of samples: S1, S2,
S3 and S4
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Fig. 5 The optical micrographs of scratch test for the samples of S1, S2, S3 and S4
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Fig. 6 Friction coefficient as a function of sliding distance
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Fig. 7 SEM micrographs of wear track and 3-D images of samples: S1, S2, S3 and S4
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