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Abstract: Prevailing dissemination of machine tools and cutting technology have caused drastic developments of high
speed dry machining with work materials of high hardness, and demands on the high-hardness-materials with high
efficiency have become increasingly important in terms of productivity, cost reduction, as well as environment-friendly
issue. Addition of Si to TiAIN has been known to form nano-composite coating with higher hardness of over 30 GPa
and oxidation temperature over 1,000°C. However, it is not easy to add Si to TiAIN by using conventional PVD
technologies. Therefore, Ti-Al-Si-N have been prepared by hybrid process of PVD with multiple target sources or
PVD combined with PECVD of Si source gas. In this study, a single composite target of Ti-Al-Si was prepared by
powder metallurgy of MA (mechanical alloying) and SPS (spark plasma sintering). Properties of he resulting alloying
targets were examined. They revealed a microstructure with micro-sized grain of about 1~5 pm, and all the elements
were distributed homogeneously in the alloying target. Hardness of the Ti-Al-Si-N target was about 1,127 Hv. Thin
films of Ti-Al-Si-N were prepared by unbalanced magnetron sputtering method by using the home-made Ti-Al-Si
alloying target. Composition of the resulting thin film of Ti-Al-Si-N was almost the same with that of the target. The
thin film of Ti-Al-Si-N showed a hardness of 35 GPa and friction coefficient of 0.66.

Keywords: Ti-Al-Si-N coating, Single alloying target, Unbalanced magnetron sputtering, MA, SPS
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Table 1. Process conditions of PBM (planetary ball milling).

Equipment Pulverisette 5
Ti: 99.9% 1
Powder purity Al: 99.9% 1
Si: 99.9% 1
Ti: 18.4
Powder particle size(/m) Al: 72.4
Si: 20.9
Bowl(500 ml), Ball(5 mm) . .
. Zirconia
material
BPR (ball to powder ratio) 10:1
Atmosphere Ar
Milling time 5, 10, 20 hour
RPM 300

Compositions Ti- 40 at% Al- 10 at% Si
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Table 2. Processes conditions of SPS (spark plasma sintering).

Equipment SPS-625
Process pressure 2 mtorr
Sintering temperature 1,000C
Sintering pressure 70 MPa
Powders compositions Ti- 40 at% Al- 10 at% Si
Sintering time 15 min
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Fig. 1. Pictures of the sputtering process; (a) three guns and

(b) single gun.

Table 3. Processes conditions of magnetron sputtering.

Equipment Flexlab system 100

22 mtorr, Ar, DC 200 W,

Target pre-sputtering

20 min
. 2 mtorr, Ar, Bias 600 V,
Substrate pre-sputtering i
10 min
Base pressure 22 mtorr
Gas(Ar, N,) pressure 1 mtorr

Gas ratio(Total 36 sccm) Ar, Ar:Nx(5:1)

Temperature Room temperature
Power DC 300 W
Distance between substrate
70 mm
and target
Substrate Si wafer(100), SCM415

Process time 60 min
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