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Effects of Duty-ratio of Pulsed Bias on the Structure and Properties of
TiCN Coatings by Hybrid Ion Plating

CHENG Fang, HUANG Mei-dong, WANG Meng-meng, FAN Xi-ying, LI Yun-ke, LIU Ye
(College of Physics and Materials Science, Tianjin Normal University, Tianjin 300387)

Abstract: TiCN coatings were deposited on the high—speed steel substrate by hybrid ion plating, which con-
sisted of arc ion plating and magnetron sputtering ion plating. Different film samples were obtained at various
duty-ratio of the pulsed bias. The profiler, X-ray diffraction (XRD). scanning electron microscope (SEM) .,
and Vicker's hardness tester were employed to characterize the samples. The effects of duty - ratio of the
pulsed bias on the structure and properties of the TiCN coatings were investigated. The results show that the
surface morphologies of the TiCN coatings are improved since the quantity of the macroparticles is reduced.
Both the deposition rate and micro—hardness of the coatings vary with the duty-ratio, and the maximum val-
ues are achieved at duty—ratio of 40%. The maximum micro—hardness of the TiCN coatings fabricated by this

method can reach 3 800 HV, ;5 » which is 4 times higher than that of the high—speed steel.

Key words: hybrid ion plating; duty—-ratio of the pulsed bias; TiCN coating; microhardness
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Table 1 Deposition parameters of the TiCN coating

Parameters Value
Bias power frequency/kHz 40
Arc current/A 60
Arc voltage/V 25
Arc target Ti(pure 99.9%)
Current of sputtering/A <1
Voltage of sputtering/V 600

Magnetron sputtered target Carbon(pure 99. 9%)

Partial pressure of N, /Pa 0.4
Partial pressure of Ar/Pa 0.1
Deposition time/min 60
Target-substrate distance/m 0.3

Sputtering gas Ar(pure 99.99%)

Reactant gas N, (pure 99. 99 %)

®2 TICN REMNRS LT

Table 2 Experimental parameters of the TiCN coating

Parameters Value
DC bias/V 100
Pulsed bias/V 300
Peak value/V 400
20, 30, 40,
Duty-ratio of the pulsed bias/ %
50, 60, 70
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Fig. 2 Deposition rate of the TiCN coatings under dif-

ferent duty-ratios of the pulsed bias
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Fig. 3 Surface morphologies of the TiCN coatings under different duty—ratios of the pulsed bias
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Fig. 4 Schematic display of force applied onto the mac-

roparticles near the substrate surface
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