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ABSTRACT: The work aims to deposit a series of NbN coatings with different phase structures under varied micropulse duty
cycle, charging voltage and bias voltage by Modulated Pulse Power Magnetron Sputtering (MPPMS) and then study the
influence of micropulse duty cycle, charging voltage and bias voltage on the phase structure, microstructure and mechanical

properties of NbN coatings without applying substrate temperature and the fixed ratio of Ar/N, of 64/16. The phase composition,
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structure, hardness and toughness of NbN coatings were evaluated by X-ray diffraction, nano-indentation test and indentation

test, respectively. The cross-sectional morphology and the indentation morphology were analyzed further by scanning electron

microscope (SEM). When the micropulse duty cycle and charging voltage changed, all NbN coatings were composed of 6-NbN

and &'-NbN. When the bias voltage increased, NbN coating was mainly composed of §'-NbN. All NbN coatings exhibited dense

columnar crystal structure. As the micropulse duty cycle, the charging voltage and the negative bias voltage increased, the NbN

coating became denser. With the increase of micropulse duty cycle, the coating hardness increased from 25 GPa to 36 GPa and

the coating toughness also increased. When the charging voltage increased, the NbN coatings exhibited a regulation similar to

that of the coatings prepared by controlling the micropulse duty cycle. After the negative bias voltage was applied, the coatings

mainly consisted of 6'-NbN, and the hardness and toughness of the coatings were both reduced. The duplex phase structure and

high density are the main factors that enhance the hardness and toughness of the NbN coatings.

KEY WORDS: NbN coatings; Modulated Pulsed Power Magnetron Sputtering; phase structure; hardness; toughness
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Fig.2 Typical MPPMS discharge curve, including a 250 ps weak
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Tab.1 Discharge parameters of MPPMS
Toft/ NS Ton/ 1S

Charging Deposition Macropulse Bias
No. g /%. P / VJ/V  I/A  PJkW PJkW frequency | Weak  Strong Weak  Strong voltage

voltage time/s /Hz 1onization ionization jgnization lonization AV

region region region region

1 380 5400 389.35 31.11 12.11  0.39 75 34 10 6 7 0

2 380 5400  405.39 59.44 24.09 0.72 75 34 10 6 8 0

3 380 5400 419.8 69.3  29.1 0.80 75 34 10 6 9 0

4 360 5400  414.95 43.92 182 0.48 75 34 10 6 9 0

5 370 5400 413 64.83 26.77 0.76 75 34 10 6 9 0

6 380 5400 414 86.4 358 0.94 75 34 10 6 9 =30

7 380 5400 418.43 88.05 36.85 0.99 75 34 10 6 9 =50
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Fig.4 Cross-sectional SEM patterns of NbN coatings under different deposition parameters
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Fig.7 SEM image of indentation on NbN coating deposited under different deposition parameters
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