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Fig.1 Target current waveform at dual-stage pulsed electric field
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Table 1 Deposition parameters of TiN films deposited under different electric field environments

Electric field Ton/ms Torf/MS F/Hz /A I¢/A cm? u/v P/kW t/min Is/A Ts/C
DCMS - - - 2 0.04 375 3 60 0.3 185
HPPMS 3 17 50 40 0.67 615 3 120 0.5 145
DPMS 7/5 8 50 2.2/20 0.04/0.30 320/550 3 80 0.6 162

AIP - - - 120 1.71 25 3 35 0.8 420

Note: Ton—pulse width in the weak and strong ionization stages; Tos—turn-off width; F—frequency; I,—peak target current in the

weak and strong ionization stages; lq—target current density; U—target voltage; P—target power; t—deposition time; ls—Dbias current;

Ts—deposition temperature
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Fig.2 Discharge of target surface at different electric field: (a) DCMS, (b) HPPMS, (c) DPMS, and (d) AIP
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Fig.3 Two-dimensional and three-dimensional micrographs of target surface under different electric field: (a) DCMS, (b) HPPMS,
(c) DPMS, and (d) AIP
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Fig.5 Surface micrographs of TiN films deposited under different electric field: (a) DCMS, (b) HPPMS, (c) DPMS, and (d) AIP
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Effect of Discharge Mode on the Leave-Target Mechanism of Particles and the
Microstructure of TiN Films

Yang Chao', Hao Juan®, Jiang Bailing®, Wang Xu*, Wang Rong®, Zhou Kesong?
(1. Xi’an University of Technology, Xi’an 710048, China)
(2. Institute of New Materials, Guangdong Research Institute of Industrial Technology, Guangzhou 510651, China)

Abstract: The current mainstream deposition technologies of thin film are arc ion plating (AIP) and dc magnetron sputtering (DCMS). The
deposited particles of AIP leave target by melt splashing mode, which is easy to cause overheating and surface coarsening of the substrate.
The collision sputtering of deposited particles with low sputtering yield of DCMS causes low ionization rate, which easily causes uniform
film thickness and loose structure. Above shortcomings reduce the service life of the film and wide promotion of technology. Based on the
physical knowledge of gas discharge plasma, a new dual-stage pulsed electric field is used to induce gas micro-arc discharge between the
cathodic target and the anodic chamber. The high-density plasma generated by micro arc discharge enhances the bombardment of Ar*and
the Joule heat on the target surface. The collision enhanced thermal emission of the deposited particles can be realized, thereby increasing
the ionization rate of particles and improving the film structure. The results show that the gas micro-arc discharge induced by dual-stage
pulsed electric field exhibits dazzling white light. The surface morphology of the target shows the morphology of polygonal pits and
corrugations, which is different from the polygonal pits after sputtering process of deposited particles. It shows that the particles leave
target via collision sputtering and thermal emission. At the same time, the TiN film deposited by the dual-stage pulsed electric field has a
relatively dense structure, and the deposition rate could reach 51 nm/min, which is significantly improved compare with that deposited by
the high power pulsed magnetron sputtering.

Key words: dual-stage pulsed electric field; micro-arc discharge; thermal emission; TiN films
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