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ABSTRACT

Nanocrystalline vanadium nitride (VN) coatings were deposited using asymmetric bipolar pulsed dc sput-
tering to further understand the influence of the pulsed plasmas on the crystal structure, microstructure and
mechanical properties. Properties of VN coatings were investigated with FE-SEM, XRD and nanoindentation.
The results show that, with the increasing pulse frequency and decreasing duty cycle, the coating morphology
changed from a porous columnar to a dense structure, with finer grains. Asymmetric bipolar pulsed dc sputtered
VN coatings showed higher hardness, elastic modulus and residual compressive stress than dc sputtered VN
coatings. The results suggest that asymmetric bipolar pulsed dc sputtering technique is very beneficial for
the reactive sputtering deposition of VN coatings.
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Table 1. Conditions for deposition of VN coatings using asymmetric bipolar pulsed dc sputtering

Condition 1 2 3 4
Target power (mode) de Pulsed dc Pulsed dc Pulsed dc
Pulse frequency (kHz) None (0) 5 15 25
Duty cycle (%) 100 95 85 75
Negative pulse period (us) - 90 81 71
Positive pulse period (us) - 5 14 24
Substrate bias voltage (V) -50 -50 -50 =50
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Surface Cross section

Condition 1

Condition 4

Fig. 1. Top surface and cross-sectional FE-SEM
images of VN coatings using asymmetric bipolar
pulsed dc sputtering.
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Fig. 2. XRD data of VN coatings using asymmetric
bipolar pulsed dc sputtering.
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Table 2. XRD data of VN coatings using asymmetric
bipolar pulsed dc sputtering

Peak position
VN
(220)
Condition 1 2 3 4 standard

20 (%) 63.50 | 63.50 | 63.30 | 62.98 64.35
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Fig. 3. XRD patterns of maximum peak (220) with shift
toward low angles in relationship to the increasing of
applied DC Pulsed.
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Fig. 4. The nanoindentation hardness and Elastic

Modulus of VN coatings using asymmetric bipolar
pulsed dc sputtering.
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