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Fig.1 Schematic diagrams of hybrid system of AIP and HiPIMS: (a) top view and (b) front view
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Table 1 Deposition parameters of TiZrN/TiN nano-multilayer films

AIP Pulsed bias
current/A  frequency/kHz

Pulsed bias Flow rate of Ar

voltage/V and N,/mL-min"

HiPIMS
frequency/Hz duty cycle/% power/kW of TiZrN and TiN/s time/s

HiPIMS HiPIMS Deposition period  Deposition

-100
-200
=300
80 60 40, 20
—400
=500

—600

1000 6 2.0

200, 200 8000
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Fig.2 Surface morphologies of TiZrN/TiN nano-multilayer films with different pulsed bias voltages: (a) =100 V, (b) =200 V, (c) =300 V, (d) 400 V,

(¢) ~500 V, and (f) ~600 V
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Fig.3 Two-dimensional and three-dimensional morphologies of TiZrN/TiN nano-multilayer films with different pulsed bias voltages: (a) —100 V,

(b) ~200 V, (c) ~300 V, (d) 400V, (¢) ~500 V, and (f) —600 V
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Fig.4 Cross-sectional morphologies of TiZrN/TiN nano-multilayer films with different pulsed bias voltages: (a) —100 V, (b) —200 V, (c) =300V,

(d) —400 V, (€) —500 V, and (f) ~600 V
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Fig.5 Elements contents (at% ) of TiZrN/TiN nano-multilayer films

with different pulsed bias voltages
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2 T A8 19 (220) & T H A0S, 24 Jik o 1 1 {8 384 n 31

Slay #-TiZN,
o 85 #-TiNj g5
= Ed
kLY J\ ~600 V
= N 500V
<
} J —400 V
‘7 M/\ -300 V
=]
}‘é A 200V
= A ~100 V
n Substrate
[ | ! ZrN, PDF#65-9415
I | | TiZiN, PDF#89-5214
| | | TiNyoq PDF#65-4085

30 40 50 60 70 80
26(%)

6 AN [F Bk s B THZoN/TiN 99K 22 J2 M () XRD [ i
Fig.6 XRD patterns of TiZrN/TiN nano-multilayer films with

different pulsed bias voltages
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Table 2 Grain size of TiZrN/TiN nano-multilayer films with different pulsed bias voltages

Pulsed bias voltage/V Tosn iz, D /nm
(111) (220) (111) (220) ’
-100 3.05 2.62 6.66 4.79 4.28
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=300 4.06 4.09 4.08
—400 4.10 3.94 4.02
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—600 3.11 4.07 3.59
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Effects of Pulsed Bias Voltage on Microstructure and Properties of TiZrN/TiN
Nano-Multilayer Films

Wei Yongqiang', Zhang Xiaoxiao', Zhang Huasen', Gu Yanyang', Liu Chang', Lv Yidong', Wei Chunbei’, Zhong Sujuan’
(1. School of Mechanical Engineering, Zhengzhou University of Aeronautics, Zhengzhou 450046, China)

(2. Guangdong Provincial Key Laboratory of Modern Surface Engineering Technology, National Engineering Laboratory of Modern Materials
Surface Engineering Technology, State Key Laboratory of Special Materials Surface Engineering, Institute of New Materials, Guangdong
Academy of Sciences, Guangzhou 510651, China)

(3. Zhengzhou Research Institute of Mechanical Engineering Co., Ltd, Zhengzhou 450001, China)

Abstract: TiZrN/TiN nano-multilayer films were deposited by hybrid method of arc ion plating and high-power impulse magnetron sputtering
techniques on M2 high-speed steel and single crystal silicon substrates. The microstructure, element composition, phase structure, adhesion
strength between the film and substrate, nanohardness, friction and wear properties and corrosion resistance of TiZrN/TiN nano-multilayer films
were investigated. Results show that with the increase in pulsed bias voltage, the surface roughness of TiZrN/TiN nano-multilayer films is
decreased to 0.345 um when the pulsed bias voltage is —500 V, and the thickness of the films exhibits a fluctuant trend. The preferred orientation
of TiZrN/TiN nano-multilayer films shifts from (111) crystal plane to (220) crystal plane. At a pulsed bias voltage of =200 V, the adhesion strength
level between TiZrN/TiN nano-multilayer films and substrate reaches to HF2. The nanohardness and elastic modulus of the TiZrN/TiN nano-
multilayer film are increased to 47.02 GPa and 382.28 GPa, respectively. The hardness is 5.2 times higher than that of M2 high-speed steel
substrate (about 9 GPa). At the pulsed bias voltage of —200 V, the wear rate reaches 4.38x10™® mm®-N"-mm™, which indicates that the TiZrN/TiN
nano-multilayer films have good wear resistance. The electrochemical corrosion test shows that the self-corrosion current density of TiZrN/TiN
nano-multilayer films reaches the minimum value of 0.566 pA/cm’, which is approximately 1/17 of that of the high-speed substrate
(9.654 uA/cm?), and the film exhibits the slowest corrosion rate. Using the hybrid method of arc ion plating and high-power impulse magnetron
sputtering can reduce the surface roughness of TiZrN/TiN nano-multilayer films. With the increase in pulsed bias voltage, the ion energy can be
changed, which significantly enhances the hardness, wear resistance, and corrosion resistance of TiZrN/TiN nano-multilayer films compared with
those of the M2 high-speed steel substrate.

Key words: pulsed bias voltage; arc ion plating; high-power impulse magnetron sputtering; wear resistance; corrosion resistance
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