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Abstract

Hard TiN coatings on tool steel substrate were prepared using the pulsed DC PACVD.
An orthogonal experimental design was employed to find the best deposition conditions for
TiN coaiings and 10 systematically understand the effect of processing paramelers. The
small size Taguchi matrix called the L16 was used for experiment and ANOVA(ANalysis
Of VAriance) was followed to study the effect of main parameters on hardness and adhe-
sion of TiIN coatings. g

In conclusion, pulse on/off time ratic and pulsing frequency were the ma)pr deposition
parameters to determine hardness and adhesion of TIN coatings in the pulsed DC PACVD
process. (200) preferred orientation, columnar growth and dome-shaped surface morphology
of the TiN films gave rise to a high hardness and a good adhesion to the substrates.
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Table 1. Deposition parameters and thair levels

Facton A

Leve]

B

C

D

T

I E

TH/N,
(SCCM)

Frag
{(kHz)

Pulse on/ofl
time ratio

Pressure
{torr)

Plasma
Voltage(V)

1

1500,/400

34

90,10

1.6

750

1400/500

29

80/20

700

|1300/800

24

70/30 |

650

pA
3
4

|1200/700

19

60/40 |
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Table 2. An orthogonal array of L16 {4%)

Run H./N, Frea(cHa) Pglse on/gff Pressure  Plasma
number | {5CCM) time ratio  {torr)  Voltage(V)
Cooliso/n % wAe s 750
2 1500/400 29 80/20 2.0 700
3 1800/400 24 70/30 24 650
4 1500/400 19 60/40 2.8 600
3 1400/500 M 80/20 2.4 600
6 1400/500 29 90710 2.8 650
7 1400/500 24 60/40 1.6 700
8 1400/500 19 0430 20 750
9 1300/800 M 70/30 2.8 700

W) Y300/600 29 80/40 24 750
I [1300/600 24 90/10 24 600
12 ]1300/600 19 80/20 1.6 650
15 [1200/700 34 60/40 20 650
14 |1200/700 29 70/30 L6 £00
15 [1200/700 24 80/20 28 750
1 }1200/700 19 90/10 24 700
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Table 3. An ANOVA 1able analyzed from the S/N
data of adhesion {Lc) of TiN fims
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Table 4. An ANOVA table analyzed from the S/N
data of Hardness {Hv} of TiN films
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Photo. 1. SEM micrographs of TN films at pulse on/off time ratic of {a} 20/80%. (b} B0/50%,
{c) 70/30% and (d) 30/10%.
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Photo, 2. SEM micrographs of TIN films at pulsing freguencies of {a) 4 kiHz, (b) 10 kHz. (c) 1B
kHz and {d} 30 kHz.
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Fig. 8. Effect of pulsing freguency on hardness
and adhesion of TIN thin fiims.
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