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Table 1 Discharge parameters of MPPMS deposited CrNy coatings

PDCMS N2/Ar_flow mz;%z Vv /A PoKW  Po/kW Strong ionization iorY;lzeaili(on Bias voltage/
power/W ratio voltage/V region, oft/Ton region, zom/zon

20/60 500 502.1/503.5 78.7/62.5 39.5/31.5 1.2/1.0 10/7 34/6 -50
200/1000 20/60 500 533.2/531.0 94.5/78.5 50.4/41.7 1.5/1.3 10/8 34/6 -50
20/60 500 548.0/548.5 92.5/93.7 50.7/51.4 1.6/1.6 10/9 34/6 -50
20/60 500 564.2/568.6 100.4/105.7 56.7/60.1 1.7/1.8 10/10 34/6 -50
12/68 (15%) 500 500.6/527.5 88.1/98.8 44.1/52.1 1.3/1.6 10/7/10/8 34/6 -50
1000 20/60 (25%) 500 503.5/531.0 62.5/78.5 31.5/41.7 1.0/1.3 10/7/10/8 34/6 -50
28/52 (35%) 500 503.8/528.6 83.8/99 42.2/52.3 1.2/1.6 10/7/10/8 34/6 -50
40/40 (50%) 500 511.8/535.7 90.8/106.9 46.5/57.2 1.3/1.6 10/7/10/8 34/6 -50

Note: N, and Ar flow, mL/min; zo,-micropulse on time, us; zor-micropulse off time, ps
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Phase Composition of Nano-CrN, Coating and Its Effect on Mechanical Properties

Li Yuge, Chen Changlong, Liu Weiyang, Lei Mingkai
(Surface Engineering Laboratory, School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Modulated pulsed power magnetron sputtering (MPPMS) and pulse direct current magnetron sputtering (PDCMS) were employed to
deposit CrNy coatings by controlling the nitrogen/argon flow ratio and sputtering power. The influence of nitrogen flow ratio as well as
sputtering power of MPPMS and PDCMS on composition, phase, microstructure and mechanical properties of CrN, coatings were studied by
EPMA, XRD, SEM, and nanoindentation device. The results show that as the PDCMS sputtering power increases from 700 W to 1000 W, the
peak power of MPPMS shows an increase of 43.5%. The Cr element content in the coatings is ranging from 61.0at% to 65.4at%, while N
content decreases from 39.0at% to 34.6at%. The CrNy coatings are mainly composed of Cr,N phase without obvious changes. With the increase
of the sputtering power, the hardness of the CrNy coatings is about 20 GPa, while the density and fracture toughness of the coatings improve
significantly. Changing the flow ratio from 15% to 50%, the peak current of MPPMS first decreases followed by an increase, and the phase
structure of the coatings gradually varies from Cr,N to CrN. When the nitrogen flow ratio is about 35%, the CrN, coatings are mainly composed
of Cr,N and CrN. And the hardness, residual compressive stress and fracture toughness of the CrNy coating all attain their maximum values of
20.1 GPa, -901.8 MPa and 6.5 MPa m"?, respectively. The electron temperature should be the driving force for phase structure variation for
CrNy coatings, and the density and two-phase microstructure control the toughness of CrNy coatings.

Key words: modulated pulsed power magnetron sputtering; dual target co-deposition; CrNy coatings; two phase microstructure; fracture
toughness
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