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Abstract: High Power Impulse magnetron sputtering (HiPIMS) is the latest generation of magnetron sputtering technology, and
highly ionized pulsed plasma is the core feature of HiPIMS technology. This paper reviews the latest advances in plasma simulation,
measurement of HiPIMS and its effect on film growth based on its spoke discharge characteristic. Compared with the conventional
magnetron sputtering technology, the target particles are highly ionized and the plasma resistance is significantly reduced in HiPIMS.
The plasma can form dense plasma structures that rotate at a speed of kilometer pen second on the surface of the target. With the
characteristics of localization and self-organization, they can significantly affect the transport behavior of deposited particles and provide a
new control dimension for film deposition. Spokes generally present diffuse shape and triangle shape in HiPIMS. Through the detailed
introduction of the change law of spokes and the progress of the formation mechanism, it is clear that the sputtering yield of the target
materials also affects spokes' morphology. On the other hand, combined with the pulse modulation, spokes can control the transport
characteristics of the film deposition flux, thereby affecting the microstructure of the deposited film, surface roughness and other surface
integrity parameters. Modulated Pulsed Power magnetron sputtering (MPPMS) and Deep Oscillation magnetron sputtering (DOMS) with the

microsecond to millisecond cross-scale multi-level pulse adjustment capability, could be used to control the film growth in a larger spatial
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dimension due to the tailored spoke characteristics brought about by the cross-time scale characteristic of pulse control.

Keywords: high power impulse magnetron sputtering; discharge current; spoke; plasma resistance; particle transport
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(b) Triangle shape
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Fig. 2 Typical shape of spokes
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Table 1 Different spoke characteristics of argon sputtered target

Worki C t density / Spoke velocity /
Target ormne Magnetic strength / mT Hen enjl Y poteve ojl Y Spoke Reference
materials pressure / Pa (A - cm™) (km - 57 structure
10 7.1 0.1 Triangle [19]
0.2
5.0 Diffusion [27]
None
0.4 None 4.4-8.8 Triangle [28]
Ti
(13.6 V) 0.5 0.000 5-0.03 0.2-2.0 None [29]
0.1-0.7 33 0.6-1.3 None Triangle [30]
0.25 72 2.4-4.1 9-15 Triangle
[26]
0.1-0.25 91 1-10 10-17 Triangle
0.2 5.0 None Diffusion [27]
0.3 5.5 5.0-9.0 Triangle [21]
Nb None
(140¢V) 2.2-44 Triangle
0.4 None _— [30]
6.6-8.8 Diffusion
0.2 2.0 Triangle [27]
Cr 0.3 0.5-1.5 (kW - cm™) None Diffusion [31]
(16.5 eV) None
: 0.3-1.2 (kW - cm™) Triangle [32]
0.5
0.000 5-0.03 0.2-2.0 None [29]
0.2 5.0 None Triangle [27]
0.3 None 7.8-8.4 [21]
Al None
(188¢V) 0.000 5-0.001 0.2-0.3 None
0.5 [29]
0.001-0.006 5 0.2-1.2
0.2 2.0 None Triangle [27]
0.3 None 3.8-4.6 None [21]
Cu None
(203 ¢V) 0.9-2.2 Triangle
0.4 None _— [28]

4.4 Diffusion
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