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Fig.l  Schematic diagram of the high power impulse magnetron 

sputtering (HiPIMS) system 
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Table 1  Detailed deposition parameters of the Al-Cr-Si-N 

coatings deposited by HiPIMS 

Parameter Value 

Base pressure/Pa 2.0×10

-3

 

Working pressure/Pa 7.0×10

-1

 

Bias voltage/V –30 

Nitrogen flow/mL·min

-1

 35 

Argon flow/mL·min

-1

 105 

Deposition temperature/� 100, 200, 300, 350 

HiPIMS average sputtering power/kW 0.9 

HiPIMS average sputtering voltage/V ~540 

HiPIMS pulse width/µs 160 

HiPIMS frequency/Hz 180 

Substrate rotation speed/r·min

-1

 20 

Distance between target and substrate/mm 100 

Deposition time/min 330 

Vacuum 

gauge 

Vacuum 

chamber 

Bias 

AlCrSi 

target 
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Á 2  \]`ab^_{ Al-Cr-Si-Nfg{ XRDÁÉ 

Fig.2  XRD patterns of the Al-Cr-Si-N coatings deposited at different 

temperatures 
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Á 3  \]`ab^_{ Al-Cr-Si-Nfg{op 

Fig.3  Composition of the Al-Cr-Si-N coatings deposited at different 

temperatures 

 

 

 

 

 

 

 

 

 

 

 

Á 4  \]`ab^_{ Al-Cr-Si-Nfg{^_@T 

Fig.4  Deposition rate of the Al-Cr-Si-N coatings deposited at 

different temperatures 
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Á 5  \]`ab^_{ Al-Cr-Si-Nfg{ÊËv�Ëst 

Fig.5  SEM images of cross-section (a~d) and surface (e~h) for the Al-Cr-Si-N coatings deposited at different temperatures: 

(a, e) 100 �, (b, f) 200 �, (c, g) 300 �, and (d, h) 350 � 
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Á 6  \]`ab^_{ Al-Cr-Si-Nfg{°±²³ 

Fig.6  Critical load of the Al-Cr-Si-N coatings deposited at different 

temperatures 
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Á 7  300 ��^_{ Al-Cr-Si-Nfg ÌÍÎÏ{st 

Fig.7  Morphology after scratch test for the Al-Cr-Si-N coating 

deposited at 300 � 
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Á 8  [\]`ab^_{ Al-Cr-Si-Nfg{¶aÐÑyÒÓ 

Fig.8  Hardness and elastic modulus of the Al-Cr-Si-N coatings 

deposited at different temperatures 
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Á 9  \]`ab^_{ Al-Cr-Si-Nfg{ÔÕ�u 

Fig.9  Residual stress of the Al-Cr-Si-N coatings deposited at 

different temperatures 

 

 

 

 

 

 

 

 

 

 

 

 

Á 10  \]`ab^_{ Al-Cr-Si-Nfg{wxi¿Ö× 

Fig.10  Friction coefficient curves of the Al-Cr-Si-N coatings 

deposited at different temperatures 
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Abstract: Al-Cr-Si-N coating was prepared by high power pulsed magnetron sputtering (HiPIMS) technique at different deposition temperatures. 

The effects of deposition temperature on the composition, microstructure, mechanical properties and tribological properties of the coatings were 

investigated. The results show that as the deposition temperature rises from 100 °C to 350 °C, the microstructure of the coating begins to evolve 

from amorphous to nanocrystals, and the fcc-AlN phase appears at 300 °C. The smoothness and compactness of the coating are progressively 

improved. The adhesive strength increases gradually, reaches the maximum value of 77 N at 300 °C and sharply decreases to 25 N at 350 °C due to 

the serious glow etching effect. The hardness of the coating increases gradually and reaches a maximum of 19.4 GPa at 350 °C. No columnar 

crystals are found and the residual stress decreases from –0.8 GPa to about –0.4 GPa. 

Key words: HiPIMS; Al-Cr-Si-N coating; deposition temperature; mechanical property; friction coefficient 
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