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Table 1 Deposition pulsing parameters and mechanical properties of CrN/TiN superlattice coatings
Process parameters Properties
Targets
i H W,
Sub. cr AL e e W
Voo! Pod P N Nl M Nl £ NI PL f T/ GPa X107 mm*N=-m
V kw kw VvV V A A Hz V kW A kHz ups
DOMS+PDCMS 300 0.4 6.0 297 776 20 59 106 340 2.0 59 100 1.0 36 0.094 0.316 0.5
PDCMS 0.6 320 1.87 100 338 2.0 6.2 100 1.0 29.1 0.082 0.195 2.3

Note: V4—Charging voltage; P, and P, — Average and peak target power; V, and V, — Average and peak target voltage; I, and

I, — Average and peak target current; f — Frequency; H—Hardness; E*—Effective Young’s modulus; W;- Specific wear rate
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1 A0 DOMS Mokt Fi v A0 LI IR 3 Cton: 1000 pss zorr: 1500 ps) A DOMS ik 8 — 4 H v
R AR TE 55 2000 ps 9 DOMS fik o ) B8 A8 R R R A B R AR T Cron: 2 s 11 zorr: 40 pis)
Fig.1 Discharge voltage and current oscillation waveforms for a typical DOMS pulse (zon: 1000 ps and zos: 1500 ps) (a), discharge
voltage and current oscillation pulse package in one DOMS pulse (b) and single discharge voltage and current oscillations

within the 2000 us DOMS pulse (7on: 2 ps and ofr: 40 ps) (¢)
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CrN/TiN i i A% M (1) XRD i
Fig.2 XRD patterns of CrN/TiN superlattice coatings deposited
by DOMS+PDCMS and single PDCMS techniques

Kl 4 DOMS+PDCMS & & B AT CrN/TIN i f i i A
1 XTEM i fy
Fig.4 XTEM images of CrN/TiN superlattice coatings deposited by
DOMS+PDCMS technique: (a~c) BF images, (d) HRTEM

K3 #H— PDCMS £ Rfll DOMS+PDCMS & & H RITFH image, () SAED patterns, and (f) FFT image of lattice
) CrN/TiN i A% T SEM A8 485 1T 0 22 i % 3 1 fringes in selected area marked in Fig.4d
Fig.3 Cross-sectional and top views SEM micrographs of CrN/
TiN superlattice coatings deposited by single PDCMS B{E 6.3 nm T, HA CrN A TIN ZE 23518 1.7 nm

techniques (a, b) and DOMS+PDCMS (c, d) 4.4 nm. HEIESIEAR Cr kMt ER S & K%, HKE
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Fig.5 Friction coefficient and worn surface image of CrN/TiN
superlattice coatings deposited by DOMS+PDCMS and
single PDCMS
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{14 ISFT A 3% A, T 42 RS ok T 33
Fig.6  Anodic polarization curves in 3.5wt% NaCl aqueous solution
and corroded surfaces of CrN/TiN superlattice coatings
deposited by DOMS+PDCMS and single PDCMS,

respectively
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Structure and Properties of CrN/TiN Superlattice Coatings Deposited
by the Combined Deep Oscillation Magnetron Sputtering

Ou Yixiang™?, Pan Wei', Lei Mingkai®
(1. State Key Laboratory of New Ceramics and Fine Processing, Tsinghua University, Beijing, 100084, China)
(2. Surface Engineering Laboratory, Dalian University of Technology, Dalian 116024, China)

Abstract: 2 um-thick CrN/TiN superlattice coatings with modulated period of 6.3 nm were deposited by the combined deep oscillation
magnetron sputtering (DOMS) and pulsed dc magnetron sputtering (PDCMS), and single PDCMS. Microstructure of the coatings was
characterized by XRD, SEM and TEM. Mechanical and tribological properties of the coatings were analyzed by nanoindenter, scratch test
and ball-on-disc tribometer. Anode polarization tests in 3.5 wt% NaCl aqueous solution were used to evaluate corrosion resistance of the
coatings. Compared with the coatings deposited by single PDCMS, the coatings deposited by combined DOMS+PDCMS show higher
mechanical properties, endurable wear resistance and antifriction properties and corrosion resistance due to the improved structure.

Key words: CrN/TiN superlattice coatings; deep oscillation magnetron sputtering; pulsed dc magnetron sputtering; wear; corrosion
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