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Mechanical Properties of HfN/Si:N, and NbN/Si;:N, Multilayer Coatings
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Abstract HIN/SisN, and NbN/Si;N. multilayer coatings were deposited onto a high speed tool steel substrate by reac-
tive sputtering and their mechanical properties were evaluated in terms of the dependence of hardness and adhesion
strength on the sputter deposition process parameters. The hardnesses of both HfN/Si;N, and NbN/SisN, multiplayer
coatings increase up to the flux ratio of 0.4 but nearly do not change after that as the N,/ Ar flux ratio in nitride sputter
deposition increases. The hardnesses of both multiplayer coatings nearly do not change with annealing at low tempera-
tures but decrease owing to oxidation with annealing at a high temperature like 800°C after depositing the layers by
sputtering. Post-annealing at low temperatures increases the adhesion strength of the multilayers, but high tempera-

ture annealing is not desirable since it decreases the adhesion strength besides the hardness deterioration.
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Fig. 1. Schematic Drawing of the sputtering system.
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Fig. 2. XRD spectra of single layer nitride coatings on the high speed steel(HSS) as a function of the
N./Ar flux ratio in the sputtering process for nitride deposition ; (a) single laver HIN coatings, (b)
single layer NbN coatings, and (c) single layer SisN, coatings.
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Fig. 3. XRD spectra of the NbN/Si;N, multilayer on HSS.
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Fig. 4. Microhardness of a single layer SisN,, a single layer HfN,
and a HIN/SisN. multilayer coatings on HSS
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Fig. 5. Microhardness of a single layer SiiN,, a single layer NbN,
and a NbN/Si:N, multilayers on HSS as a function of the N./Ar
ratio in the sputtering process for nitride deposition.
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Fig. 6. Microhardnesses of the HfN/Si;N, and the NbN/Si:N.
multilayers on HSS as a function of the post-annealing temper-
ature.
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Fig. 7. XPS Si2p peaks at various depths from the top surface
of the single Si;N, layer/HSS sample.
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Fig. 8. XPS N1s peaks for various depths from the top surface
of the single Si;N, layer/HSS sample.
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Fig. 9. XPS spectra for the surface region of the single Si:N,
layer/HSS sample.
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Fig. 10. XPS Nb3d2/3 and Nb 3d5/2 peaks for various depth
from the top surface of the single NbN layer/HSS sample.
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Fig. 11. XPS spectra for the surface region of the single NbN
layer/HSS sample.
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Fig. 12. Adhesion strength of the HfN/Si;N, and the NbN/Si;:N,
multilayer coatings on HSS as a function of the postannealing
temperature.
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Fig. 13. cross~sectional TEM micrographs of the NbN/Si:N, multilayer coatings on HSS.
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