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Fig. 1. Experimental sketch.
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Fig. 2. XPS spectra of the W-doped DLC films: (a) W4f

spectrum; (b) Cls spectrum.
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Fig. 3. Tungsten content in the targets and their related

films.
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Fig. 4. Typical XRD patterns of the DLC films.
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Fig. 6. AFM imaging and RMS roughness of the DLC films: (a) AFM imaging; (b) RMS roughness.
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Abstract

Non-hydrogenated W-doped amorphous diamond-like carbon films with different tungsten content are
prepared by pulsed laser deposition through using the W-doped graphite targets. The variation of the tungsten
content in the doped diamond-like carbon films has a stable linear relation with tungsten content in the doped
targets, which shows the importance of pulsed laser deposition in the field of the refractory metal doping
technology. The doped tungsten has no effect on the crystal structure of the diamond-like carbon film according
to X-ray diffraction test. In the W-doped diamond-like carbon film, most of the tungsten atoms form the
tungsten carbides with the carbon atoms when the tungsten content is relatively low, and inlay in the network
of the amorphous carbon, reducing the carbon coordination atoms and local density. In addition, the tungsten
oxides formed from the tungsten atoms and oxygen atoms help to reduce the friction coefficient. Therefore, the
friction coefficient of the films decreases with the tungsten content increasing, and the lowest friction coefficient
is 0.091 at the doping content of 9.67 at.%. However, more and more tungsten clusters form with the tungsten
content further increasing according to the results of atomic force microscope, thus increasing the surface
roughness of the diamond-like carbon films and resulting dominantly in the increase of the friction coefficient.
On the other hand, the increasing of tungsten content reduces the nano-hardness and Yang’s modulus of the
doped diamond-like carbon film due to the reduction of the local atomic binding energy in the per unit volume.
However, the best wear-resistance is shown in the W-doped diamond-like carbon film with relatively low
tungsten content of 6.28 at.%, instead of the pure diamond-like carbon film with the highest hardness of
52.2 GPa. This research offers an experimental base for practical applications of the non-hydrogenated W-doped
diamond-like carbon film with low friction coefficient and high hardness grown by pulsed laser deposition. An
optimized W-doped diamond-like carbon film has low friction coefficient and high hardness, along with the high
heat conduction and resistance, and can be used as protective tribological coatings for the micro- and nano-

electron devices to improve their working stability and reduce the sizes.

Keywords: pulsed laser deposition, tungsten-doped diamond-like carbon film, tribological property, nano-

indentation
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