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Abstract

Ti-Si-N hard films were deposited on SKD11 steel substrates by a hybrid deposition system, where TiN
was deposited by AIP method while Si was incorporated by sputtering one. The microstructure of Ti-Si-N
films was revealed to be a composite of TiN crystallites and amorphous Si3N4 by instrumental analyses. The
highest hardness value of about 45 Gpa was obtained at the Si content of around 7.7 at.%. With increase of
Si content, the size of TiN crystallites was reduced and their distribution was changed from aligned to ran-

domly orientated states. Surface roughness of Ti-Si-

N film also decreased with increase of Si content.
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wepd, B A7E Ti-Si-N 9ehe 43|
A AIPIH 2T Bblg ©] 8311, sputtering
o2 §i BAS o] &3l AA] A
S8o] 7 SolBplm =
deposition system) *§¥H & ©]&-3t Ti-Si-N
e sk, 28 vAlTE 7 A &

el st A8t

2.1 Deposition

B AFoA = AIP WHI sputtering HWHE &
ZA3AIZ] hybrid deposition system©. 2 Ti-Si-N
ks 3 S th AA MgEe 28 1 4y
ERATh Ti 228 93 arc cathode gun¥} Si
222] DC sputter gune Mu|e] 7} W AX)
Hom. 3ldo] JhEdt Al AR (holder) &
F7Hel gun Atold] AEHIATE Arc gun %
sputter gunit A4 holderd] Agl& 2z 350mm
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Fig. 1. Schematic diagram of hybrid deposition
system using AIP and sputtering techniques.
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Table 1. Typical deposition conditions for Ti-Si-
N films by hybrid deposition system

Base pressure 6.7x107*Pa
Working pressure 8.0X107%Pa
Working gas ratio N, Ar=3:.1
Arc material Ti (99.99% )
Sputter material Si {99.99% )

Arc current 60 A
Sputter current 0~20A
Substrate temperature 300 C
Substrate bias voltage ~100V
Rotational velocity of substrate 25 rpm
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2. 2 Characterization

F3d ko] A= FAF AR A9 (sca-
nning electron microscopy, Hitach, S-4200) %}
@z} FA =237)(a-STEP) 0.2 =% 3193, 8t
2ol Ti, Si, Noj 2Advle da &3 v 24
7] (electron probe micro-analyzer, Shimadzu,
EPMA1600) & SAEAT. o] viZE s
2bgslzo g2 T2 uAZ%7] (Knoop microha-
rdness tester, Matsuzawa, MMT-7) & o] &3}
A £F, Ti-Si-N kel 244 (crys-
tallinity) & #<lat7] €3t CuKe A& o] &%
X-A 3H (X-ray diffraction, CuKe) #A4& 4
Al BFar, X-4A #dx E39 (X-ray photo-
electron spectroscopy, VG Scientifics, ESCALAB
250)& olgsio] wehpel ety AT Ao
A5t et 1 AF7) (surface rough-
ness) & #E3P7] AsiA FAIE AR dn
7 (AFM : atomic force microscopy, Digital In-
struments Co, Nanoscope Illa) ©]£-3}%)

3. dz ¥ nE
a9 25 Ti B9 60AY] o= AHFE 1AA

7131, DC sputter 7 wh& Ti-Si-N =2y
Si g=e) ¥Wals Jepd g =)} wehyo) §i
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Fig. 2. Si contents in Ti-Si-N films as a function of
DC sputter current.
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Fg. 3. X -ray diffraction patterns of Ti-Si-N fims
with various Si contents.
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Fig. 4. XPS spectra of Si 2p peak for Ti-Si-N
films.
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Fig. 5. Cross -sectional SEM morphology for Ti-Si-
N films with different S| contents,
(@ TiN (b) Ti-Si(77at.%) -N (c) TI-Si(12
7at.%) -N
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AW HH L2 (root-mean-square | RMS) 3k
5.08nm=zZ &4tk v Sigtsk 7.7 at.% &

60 nm
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Fig. 6. AFM images of Ti-Si~-N films with different
Si contents, (a) TiIN (b) Ti-Si(7.7at.%) -N
(c) Ti-Si(12.7at.%) ~N
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