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Frictional Properties of DLC Films with the Nano-scale Periodic Structures
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Higher performance hard coatings such as diamond-like carbon (DLC) films with textured

surfaces are paid attention to their friction reduction properties. In the present study, the frictional

properties of DLC films with the periodic structures were investigated using a block-on-ring type

sliding friction tester and cylinder-on-plate type reciprocating friction tester under lubrication.

These periodic structures have been generated on the DLC surfaces by means of a polarized

femtosecond laser of energies near the ablation threshold. Periodic structures have a mean spacing

of about 100 nm with a length of 200-2000nm. Worn surfaces were observed by using an AFM,

and the volumes of convex and surface area were calculated. As a result, we found the friction

coefficient decreased in the case that the surface area is small and the volume of convex is large.

Key Words : Diamond-like carbon (DLC), Periodic structures, Femtosecond laser process, Volumes

of convex, Surface area
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Fig. 1 Schematic of the block-on-ring type tester.

Table 1 Test conditions of block-on-ring type test.
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Fig. 2 Schematic of the cylinder-on-plate type tester.

Table 2 Test conditions of cylinder-on-plate type test.

Load, N 50

Amplitude, mm 10

Frequency, Hz 20
Number of cycle 20000
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Fig. 3 Periodic structure after laser processing.
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Fig. 4 Variation of friction coefficient as a function
of sliding distance.
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Fig. 5 AFM images of the initial and worn surfaces.
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Table 3 Laser processing conditions.
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Specimen @ | (b) | () | (d) | (e)

Laser power, mW | 370 | 440 | 440 | 440 | 470

Feed rate, mm/s 4 2 4 8 4
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(a) 370mW, 4mm/s (b) 440mW, 2mm/s

(c) 440mW, 4mm/s (d) 440mW, 8mm/s
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(e) 470mW, 4mm/s
Fig. 6 SEM photos of periodic structures.
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Fig. 7 Variataion of the friction coefficient as a
function of test time.
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Fig. 8 AFM images of the worn surfaces.
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Fig. 9 Relationship between surface area and
volume of convex.
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Table 5 Each roughness of specimen after tests.

Non Periodic
processed structure
Block roughness R,i, nm 13.1 7.5
Ring roughness R, nm 74.9 73.5
Film parameter A 1.30 1.34
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Fig. 12 Comparison of Raman spectra for each
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