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Fig.1  Schematic diagram of magnetron sputtering system and 

current waveform of high frequency oscillating pulsed 

electric field 
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ß 2  ¶Ø/ef` Al/åy(æç�èçéê 

Fig.2  2D (a, c, e, g) and 3D (b, d, f, h) microscopic images of Al 

target at different target currents: (a, b) 2 A, (c, d) 6 A,  

(e, f) 10 A, and (g, h) 14 A 
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Fig.3  XRD patterns of the pure Al coatings at different target  

currents 
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Table 1  Results of the pure Al coatings deposited at different target currents 

Sample I/A G/nm V/nm·min
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 H/GPa E/GPa Preferred orientation 

1 2 15 8 2.168 113.6 (111) and (200) 

2 6 17 18 1.820 110.3 (111) 

3 10 17 26 2.017 123.7 (111) 

4 14 19 38 1.745 151.1 (111) 
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ß 4  ¶Ø/ef`?@A Al)C(åy�ìyF´ 

Fig.4  Surface (a, c, e, g) and cross-section (b, d, f, h) 

morphologies of the pure Al coatings deposited at 

different target currents: (a, b) 2 A, (c, d) 6 A, (e, f) 10 A, 

and (g, h) 14 A 
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Fig.5  Indentation images of the pure Al coatings deposited at 

different target currents: (a) 2 A, (b) 6 A, (c) 10 A, and (d) 14 A 
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Effect of Escape-Target Method of Deposited Particles on Microstructure of  

Pure Aluminum Coating 

 

Yang Chao, Wang Rong, Hao Juan, Wang Di, Jiang Bailing  

(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China) 

 

Abstract: For traditional magnetron sputtering, the sputtered species possess low kinetic energy and ionization rate, resulting in the metal 

coating of columnar structure with micro pores. The coating therefore has poor compactness and adhesion strength. Aiming at this problem, 
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the electric current through the anode and cathode was adjusted to the quantity belonging to the arc discharge transition region between the 

glow region and arc region of the gas discharge voltammetry curve in plasma physics. The escape energy of electron at the grain boundary 

and defect of the target is lower than that inside the grain, then the�self-enhancing effect�of electron escape is formed in grain boundary 

which induces the arc discharge phenomenon. Arc discharge melts some micro regions of the target surface, and the plating particles in 

these regions leave the target in the form of melt splashing. The high yield of melt splashing can improve the collisional ionization ratio of 

the plating particles, which establishes a foundation for the control of the coating structure. Results show that in the high frequency 

oscillating pulsed electric field, when the target current gradually increases, the micro-morphology of the target surface gradually changes 

from irregular pit-like morphology to round pit and curved ravine morphology, indicating that the off-target mode of the plating material 

changed from collision sputtering to melt splashing. When the target current is 2 A, the species leave the target by means of collision 

sputtering. The microstructure of the aluminum coating presents typical columnar structure with voids. When the target current increases to 

14 A, the off-target mode of the target particles is mainly melt splashing. Massive ionized plating particles are accelerated under the 

negative bias of substrate. These ions with high kinetic energy enhance bulk diffusion and weaken the tendency of column growth, which 

helps the coating form a dense structure. At the same time, the adhesion and the deposition rate of the coating also significantly improve. 

Key words: magnetron sputtering; aluminum coating; melt splashing; structure regulation; deposition rate 
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