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Abstract

Abstract

Transition metal nitrides have excellent comprehensive performance, and they have
been widely used in mechanical processing, aerospace, microelectronics and other
fields in the modern industry. Tungsten nitride and molybdenum nitride thin film with
high hardness and well wear resistance, its thermal stability and corrosion resistance
are strong. In general, composite films tend to have better comprehensive
performance which the single-phase films do not have, and tend to have stronger
practicability. In the nitride composite films, when the film with the soft phase
elements such as copper or nickel, the toughness and hardness of the film is higher. In
this paper, we use the tungsten molybdenum nickel alloy (40:40:20 at%) as target
material deposit the nickel molybdenum tungsten composite nitride film which of
high hardness, high wear resistance and excellent comprehensive performance by use
of RF magnetron sputtering system.

In this paper, we use 304 stainless steel and monocrystalline silicon as substrate.
Under the condition of high vacuum (107 Pa ), Argon as discharge gas and nitrogen as
reaction gas. By changing the experimental parameters (sputtering power, sputtering
time and nitrogen flow, etc.), we studies the effect of different experimental
parameters on the microstructure and mechanical properties of tungsten molybdenum
nickel composite membrane.

Tungsten molybdenum nickel composite membrane can be deposited on stainless
steel and monocrystalline silicon substrate under the low temperature by using a RF
magnetron sputtering technology. In the film, nickel mainly exists in the form of solid
solution. Experimental parameters (sputtering power, sputtering time and nitrogen
flow, etc.) have impacts on the phase composition, content and hardness of composite
membrane.

The experimental results show that: (1) Using appropriate experimental parameters
in deposit process, the surface of thin film is high density and not found obvious

defect, When the sputtering power is too high, we can find the formation of large
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particles metal droplet nitride on the surface of thin film; (2) Lower and higher
sputtering power are unfavorable to the formation of the hard phase in the film, the
hardness of film reach the highest point of 29.61 GPa when the sputtering power is
150 W ; (3) Fluctuation of nitrogen gas flow have certain influence on the phase
composition and hardness of the film, when the nitrogen gas flow is 25 sccm, the
(WMo)Nx solid solution take shape in the film, and the hardness of film is higher; (4)
With the extension of sputtering time, the transformation forms of the molybdenum
nitride in the film is: § — MoN—y — Mo,N (200)—y — Mo,N (211), and the

thickness of the film is linear growth as the extension of sputtering time.

Key word: RF magnetron sputtering; composite membrane; microstructure and

hardness.
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