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Abstract

netron Sputtering (HiPIMS) technology. The influence of different substrate bias voltage on microstruc-

TiN coatings were used to deposite on 9Crl8 steel substrate by High-Power Impulsed Mag-

ture, chemical composition and mechanical properties of TiN coatings were systematically investigated.
The crystal phase structure of the coatings were analyzed by X-ray diffractometer, the surface and cross-
section structure and the elemental composition of the coatings were analyzed by field emission scanning
electron microscopy and energy dispersive spectrometer. In addition, the hardness and elastic modulus of
the coatings were measured by nanoindenter, the adhesion strength of coatings were analyzed by scratch
tester and optical microscope, and the compressive residual stress of the coatings were analyzed by stress
tester. The results indicate that: with the increase of substrate bias voltage, the microstructure of TiN
coating gradually becomes denser, and the grains are refined into triangular pyramid shape. The density
of the TiN coating surface was first increased and then decreased, while the cross-sectional morphology
always maintain the dense structure. In addition, the preferred orientation of coatings were TiN (200)
plane. The content of Ti element in the coatings vary between 51 at% and 56 at% and the appearance
color of the coatings were stable in purple. The coating was the highest hardness, about 21.2 GPa, and
the highest elastic modulus was about 221 GPa when the substrate bias voltage was -150 V. At the same
time, the coating also showed the maximum compressive residual stress, approximately 2.79 GPa. Under
the different structure bias voltages, the adhesion strength between the TiN coatings and the substrate
were excellent, ranging from 49 N to 74 N. Applying an appropriate substrate bias can increase the ener-
gy of ion bombardment on substrate surface, promoting the densification of the coatings, reducing pores,
defects and improve the mechanical properties of coatings. Besides, the appropriate substrate bias also

can enhance the adhesion strength between the coatings and the substrate.
Key words High power impulse magnetron sputtering, TiN coatings, Hardness and elastic modulus,

Adhesion strength, Substrate bias voltage
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Table 1  Process parameters for depositing TiN

coatings by using HiPIMS technology under

different substrate bias voltage

Parameters Values
Base pressure / Pa 1.0 x 10°
Working pressure/ Pa 1.3

Bias voltage/ V -90/-120/-150/-180

Average output power/ kW 5
Peak current/A 180
Frequency/ Hz 100

Ar flow rate/ sccm 60
N, flow rate/ sccm 60
Deposition time / h 3
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Fig. 9 Relationship of friction coefficient curve, friction curve, acoustic signal, and loading force of TiN coatings
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