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Abstract: During the discharge process of HiPIMS technology, due to the attraction of ions by the high negative voltage of the cathode, ion
reabsorption occurs, which severely limits the rapid growth of thin films. To improve the ion reabsorption problem, a synchronous pulse bias
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method was used to study its effect on the structure and properties of DLC films deposited on HiPIMS graphite targets. By adjusting the
amplitude and hysteresis time of the synchronous pulse bias, DLC thin films were prepared using the pulsed-bias synchronous HiPIMS
technique.Firstly, using the combined oscilloscope and Langmuir probe system, the discharge waveform and plasma characteristics during
HiPIMS process were in-situ monitored. The surface morphology and microstructure of the DLC films were comprehensively measured by
scanning electron microscope (SEM), X-ray photoelectron spectroscopy (XPS), atomic force microscope and Raman spectroscopy (AFM).
Meanwhile, the mechanical properties of the film were analyzed by nanoindenter, scratch tester as well as residual stress tester. The results
showed that there was a strong dependence of structure and mechanical properties of DLC film upon the applied amplitude value and delay
time of synchronous pulsed-bias during HiPIMS deposition procedure. In particular, as the amplitude of synchronous pulsed-bias increased
from -100 V to -900 V, the deposition rate of DLC films firstly increased and then decreased, where the maximum deposition rate of 350
nm/h was obtained at bias of -500 V accompanying with the lowest surface roughness around 0.61 £0.04 nm. Meanwhile, the C-sp® content
decreased from 52.8% to 42.9%, leading to the decrease of compressive residual stress from -3.39 GPa to -1.9 GPa as well as the hardness
downshift from 48.6 GPa to 35.1 GPa. In other way, increasing the delayed-time of synchronous pulsed-bias caused the monotonically
increase of deposition rate for DLC growth, but without significant changes in surface roughness. Simultaneously, although the C-sp® content
showed the slight increase from 45.2% to 46.7%, the distinct increase was achieved in residual stress from -1.92 GPa to -3.05 GPa and in
hardness from 37.7 GPa to 45.4 GPa. According to the analysis of plasma characteristics, at the same delay time (40 ps), increasing the
amplitude of synchronous pulsed-bias amplitude enhances the acceleration effect of the substrate front sheath potential on deposition ions.
The substrate front sheath region can attract more ions from the spatial plasma to reach the growing surface area and participate in the film
growth reaction. The decrease in peak current on the target surface also indicates that the diffusion of target surface ions into the plasma space
is strengthened, which effectively reduces the target surface ion reabsorption rate, thereby suppressing the target surface arcing caused by ion
reabsorption, and ultimately improving the surface quality and deposition rate of the thin film. However, excessive amplitude (above -500 V)
can easily cause back sputtering in the substrate region, reduce the deposition rate of the film, and lower the surface quality of the film. In
addition, increasing the amplitude of the synchronous pulsed-bias also corresponds to an increase in ion energy, enhanced high-energy particle
bombardment, the following thermal peak effect promotes the transformation of sp® hybridized bonds to sp? hybridized bonds, thereby
releasing stress and reducing the hardness, elastic modulus and adhesion strength. Under the same amplitude (-500 V), increasing the delay
time of synchronous pulsed-bias increases the number of incident ions, which is beneficial for improving the ion flux in the substrate region,
resulting in an increase in the thickness of the film. At the same time, increasing the incident energy of ion bombardment also leads to an
increase in the sp? content and residual stress of the film. Based on the strong dependence of carbon atomic bond upon the mechanical
properties, introducing synchronous pulsed-bias during HiPIMS process is considered as a new promising strategy to develop the amorphous
carbon-based films with tailored high-performance. Based on the strong dependence of carbon atomic bond upon the mechanical properties,
introducing synchronous pulsed-bias during HiPIMS process is considered as a new promising strategy to develop the amorphous
carbon-based films with tailored high-performance.

Keywords: magnetron sputtering; synchronized pulsed-bias; diamond-like carbon film; microstructure
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Table 1 Deposition parameters of films



Bias voltage / V

Sample Pulse width / 1.6 Frequency / Hz Ar pressures / Pa
Numerical value Type
P40-100 -100 V
P40-300 -300 V
P40-500 -500 V Synchronous pulsed-bias with time-delay 40 ps
P40-700 -700 V
100 100 1.066
P40-900 -900 V
P0-500 -500 V Synchronous pulsed-bias without time-delay
Synchronous pulsed-bias with
P20-500 -500 V

time-delay 20 ps
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Fig. 5 (ai—g1) Cross-section morphology, (a2—g2)SEM images of surface morphology and (as—gs)AFM surface topographies of

films deposited under different synchronous pulsed-bias
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Fig. 7 o/ g ratio, G peak position and G FWHM of the DLC films
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Fig. 8 XPS C 1s core level spectra of the DLC films
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Fig. 10 Hardness and elastic modulus of the DLC films
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Fig. 11 H/E and H3/ E? of the DLC films
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Fig. 13 Residual stress of the films under

different synchronous pulsed-bias
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