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Abstract A study on the TiN coating layer in small holes on the purpose of die-casting dies application has been per-
formed with a PACVD process. For the hole having diameter of 4 mm, the uniform TiN coating layer in the hole to
the depth of 20 mm was achieved using DC pulsed power source. To understand the forming mechanism of TiN coat-
ing layer, plasma diagnosis on Ti, N.* and Ar* emissions was carried out during plasma coating process by optical emis-
sion spectroscopy. When the duty ratio was equal or over 50%, the peaks of Ti, N;* and Ar* emission were obviously
observed. While duty ratio was equal or under 28.6%, no peaks for Ti, N;* and Ar* were observed and the formation of
TiN coating layer was rarely observed. For the coating in 4 mm hole diameter, the coating layer with bipolar process

was two times deeper than that with unipolar process.
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Fig. 1. Schematic drawings of specimen for TiN coating, (a) top
view, (b) cross-sectional view.
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Fig. 2. Schematic drawing of the PACVD system.
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Table 1. Experimental conditions for the deposition of TiN
thin films.

Deposition parameters Processing values
Base pressure(Pa) 10
Temperature(C) 500
Voltage(V) +550
Deposition time(min.) 120
Ar: N;: Hy(sccm) 210:90:450
Process pressure(Pa) 200~ 600
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Fig. 3. Changes of OES spectra dependence on duty ratio for bi-
polar power source.
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Fig. 4. Changes of OES spectra dependence on power source
types at duty ratio of 50%.

Table 2. Changes of coating depth dependence on process
pressure for hole diameter of 4mm at duty ratio of 50%.

Process pressure(Pa) Coating depth(mm)
600 7
500 20
300 5
200 5
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Fig. 5. Changes of TiN coating depth dependence on duty ratio
for hole diameter of 4 mm at 500 Pa.
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Fig. 6. Changes of TiN film thickness in the hole diameter of 4
mm dependence on duty ratio.
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Fig. 7. Cross-sectional SEM images for different hole diameter after TiN coating process when the duty ratio
was 50% and power type was bipolar at 500 Pa: (a) 3 mm, (b) 4 mm, (c) 5 mm, (d) 6 mm, (e} 7 mm, (f) 8 mm.
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Fig. 8. Changes of TiN film thickness dependence on duty ratio
for hole diameter.
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