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A Study on the Mechanical Properties of CNx Thin Films Deposited
by Asymmetric Bipolar Pulsed D. C. Sputtering
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Abstract In case of using Asymmetric Bipolar Pulsed DC (ABPD) power generator, thin film is efficiently
deposited as ions are getting higher energy by suppressing target poisoning and electric arc. in this article, the
mechanical properties of CNx thin films deposited on the STS 316L were compared with DC and ABPD power
generators. The CNx thin films deposited with ABPD clearly improved wear resistance by higher ratio of sp3C-
N as compared with DC. Nb interlayer affected to increase the value of 10N of adhesion between CNx thin
films and substrate. But, CNx thin films deposited with ABPD couldn’t endure to wear load and decreased
wear resistance as the films were too thinner than substrate. Nevertheless the higher substrate bias energy
applied to perform the dense films, it wasn’t shown benefits about the wear properties from DC sputtering. But,
in case of using ABPD sputtering, the wear resistance was largely improved without changing morphoiogy
despite of thin films.
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Fig. 1. XPS spectra by various N, partial pressure; (@) DC, N, 30%, (b) DC, N, 60%, (c) ABPD, N, 30% and (d)

ABPD, N, 60%.

Table 1. The ratio of phases by various parameters

Ratio of nitrogen Phases DC ABPD
C-C(284.5¢V) 30.76% 42.79%

0.3 sp?C-N(285.5eV) 35.41% 26.62%
sp°C-N(286.5€V) 23.73% 27.42%

C-C(284.5eV) 50.79% 32.42%

0.6 sp’C-N(285.5eV) 32.15% 29.65%
sp°C-N(286.5eV) 14.3% 31.99%
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Table 2. Properties of CNx thin films with various parameters
Ratio of Film thickness Hardness Adhesion Area of wear | Area of burning
nitrogen (nm) (HK,; 00 (Lcl, N) (mm?) (mm?)
De 03 525 853 5.23 447.24 1133.04
0.6 1275 1322 0.1 435.88 116.18
0.3 384 1326 6.06 153.41 372.28
ABPD
0.6 595 885 0.2 17.69 1935
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Fig. 2. The profiling of wear track by various N, partial pressure; (a) DC, N, 30%, (b) DC, N, 60%, (c) ABPD, N, 30%

and (d) ABPD, N, 60%.
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Table 3. Hardness and critical load comparison by existence of interlayer

Hardness (Hk ) Adhesion (Icl, N)
DC No Interlayer 1322 6.06
Nb 150 nm 490 16
No Interlayer 885 0.2
ABPD
Nb 150 nm 391 8.2
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Fig. 4. The profiling of wear track with interlayer.
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Fig. 5. FE-SEM images of cross-section of CNx thin films deposited at various bias; (@) DC 0V, (b) DC —200 V, (c) DC

—400V, (d) ABPD 0V, (e) ABPD —400 V and (f) ABPD -800 V.
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Fig. 6. X-ray diffraction patterns of CNx films deposited at various bias; (a) DC and (b) ABPD.
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