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Study on the Effect of Sputtering Process on the Adhesion Strength of CrZrN
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Abstract

In this study, effect of sputtering on the plasma-nitriding substrate and before PVD coating on the micros-
tucture, microhardness, surface roughness and the adhesion strength of CrZrN thin films were investigated.
Experimental results showed that this sputtering process not only removed surface compound layer which
formed during a plasma nitriding process but also induced an alteration of the surface of plasma nitrided
substrate in terms of microhardness distribution, surface roughness. This in turn affected the adhesion strength
of PVD coatings. After sputtering, microhardness distribution showed general decrease and the surface rough-
ness became increased slightly. The critical shear stress measured from the scratch test on the CrZrN coatings
showed an approximately 1.4 times increase in the adhesion strength through the sputtering prior to the coating
and this could be attributed to a complete removal of compound layer from the plasma nitrided surface and

to an increase in the surface roughness after sputtering.
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Fig. 1. Heat treatment cycle.
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Table 1. Deposition conditions

Coating CrZeN
Cr Target Power (A) 3.0 (DC)
Zr Target Power (A) 2.4 (Pulsed DC)
Base pressure (Torr) 20x107°
Work pressure (Torr) 3.0X107°

Substrate bias voltage (V) -100

Target-to-Substrate distance (mm) 90

Deposition temperature (°C) 150

Film thickness (um) 35
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Fig. 2. Cross-sectional optical micrographs of plasma nitrided specimens at various gas ratios.
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Fig. 4. Surface hardness as a function of depth from
the surface at various gas ratios.
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Fig. 5. Cross-sectional optical micrographs of N,:H,=3:7 specimens after sputtering for various hours.
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Table 3. Surface roughness of plasma-nitrided substrate
after additional sputtering

0 hr 1 hr 3 hrs 4 hrs 5 hrs

Roughness | 501 | 02697 | 03011 | 03102 | 03619
Ra (um)

038 ——r 39

0.36
k38

0.34 4

0.32 - 33

0.30 B -
0.28

—~u— Roughness 27
0.26 4 —~—e— Critical Load

Roughness, Ra(pm)
(N) peoT [eaguo

0.24 24

T T T T
2 3 4 5

o 4
-

Sputtering time (hr)

Fig. 9. Surface roughness and adhesion strength of
CrZrN films on plasma nitrided specimens after
additional sputtering.
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Fig. 10. Optical micrographs of scratch channel in CrZrN film after additional sputtering.
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Fig. 11. Optical micrographs of Rockwell indentation in CrZrN film after additional sputtering.
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