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Microstructural and Mechanical Characterization of Nanocomposite
Ti-Al-Si-N Films Prepared by a Hybrid Deposition System
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Abstract

Quaternary Ti- Al-Si-N films were deposited on WC-Co substrates by a hybrid deposition system of arc
ion plating (AIP) method for Ti- Al source and DC magnetron sputtering technique for Si incorporation. The
synthesized Ti-Al-Si-N films were revealed to be composites of solid -solution (Ti, Al, Si)N crystallites
and amorphous Si3N4 by instrumental analyses. The Si addition in Ti-Al-N films affected the refinement
and uniform distribution of crystallites by percolation phenomenon of amorphous silicon nitride, similarly to
Si effect in TiN film. As the Si content increased up to about 9 at.%, the hardness of Ti~Al-N film steeply
increased from 30 GPa to about 50 GPa. The highest microhardness value (~50 GPa) was obtained from the
Ti-Al-Si-N film having the Si content of 9 at.%, the microstructure of which was characterized by a na-

nocomposite of nc - (Ti,Al,Si) N/a - SisN,.

Keywords : Ti- Al- Si- N, Superhardess, Nanocomposite, Hybrid deposition system
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F7F A&ET vt 2y Ti-Al-Si-N w2
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Fig. 1. Schematic diagram of a hybrid deposition
system using AIP and sputtering technigues.
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Table 1. Typical deposition conditions for Ti-Al-Si
=N fiims by hybrid coating system
Base pressure 6.7X1073 Pa
Working pressure 6.7X10"%Pa
Working gas ratio N, Ar=10 1
Deposition source Arc source |Sputter source
Ti:AI(99.9%)| Si(99.99%)
Arc current 60 A
Sputter currents 0~6.0 A
Substrate temperatures 300°C
Substrate bias voltage -2V
Rotational velocity of substrate 25 rpm
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2.2 Characterization

wur FAlE FAPAAE R (scanning  elec-
tron microscopy, Hitach, S-4200)& A}gs] =

et o™, Ti-Al-Si-N Byere} AEEAe Azt
=3 v BFE2]7] (electron probe micro-analyzer,
Shimadzu, EPMA 1600) & AH&-3t% . CuKe A
& o] g3t XAM3)H (X-ray diffraction, PHILIPS,
X'Pert-MPD  System) &4 o2 Ti-Al-Si-N
wheko] ZAAA (crystallinity) & A st what
Wel 249 =71+ 200 kvel AA #&E¥ £33
A28 1 7 (Field emission - transmission electron
microscope . FE-TEM, JEOL, JEM-2010F) 0.2 %]
B #ESHA, gy & FREA AHEE A
3 Alo} 3]A ¥ (Selected area diffraction
pattern:SADP) 7 T RIS Eat Az} &n|AH
(High-resolution transmission electron micros-
copy . HRTEM) & o]83] 2439 =g XA
A2} B339 (X-ray photoelectron spectrosco-
py, VG Scientifics, ESCALAB 250) &.& Ti-Al-
Si-N "ehfio] fage] ZRAHE ASsAI N
Berkovich diamond indentor7} &€ 7 F€ Xﬂ
o] 7h58 Y=¢l W H o] A (nanoindentation, MTS,
Alg sl ol &akelura)
(continuous stiffness method : CSM) &2 Ti-
Al-Si-N wteke] Zold] wE A=gS A3
pra=g

Nanoindentation II)&

¥ 2= Si % ol WHsle] wE Ti-Al-Nz
Ti-Al-Si- o] X4 sld HEg HoE
o 3" JHEiO TIN ZA o] (111), (200), (220),
(311), (222) &9 thHiEdHd oz AAYLSES Y
epd ot TiSh22 73 HEH  (titanium sili-
cide) 2ol Asta (SiNy) ARl F-
85l XRD ¥ = (peak) & #EE x| @it 1
Y 28 AHEYE Ti-Al-No| Si7t H7IE¢=
Uz AEe FAHez #asla, Si 8] 19
at. % o ZA7t AR 7] AlEEs A ST gtk
19 at.% °ldell A XRD #&lo] v]A = o] e
2 st Aol wehge S gare] Fhe
F2 339 HA (broadening) HAol el

VTiN
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—_ ( v) (;') (zz.'o) (31'1)(222)
D ‘.Lat— . d uJAla.nSlul
,.Q. : : oo
[} : :
< T : '
b & M * Tlo.ﬂAln.u uo
& P {
= f : Al Si
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Fg. 2. X -ray dffraction patterns of Ti-Al-N and
Ti-Al-Si-Nfilms with various Si contents.
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2 Az wabd Ti-Al-Si-N =2k A 6
at.% °]/g9] Si #H7k= Al 2 Sizh TINZA 2
Zpzlgld] 18" (TIAISHNA S 7_53/"‘]/\]7]11} =
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2 2xdMe PVDEAHAA A E Ti—Si—
wtubo] Ao o] ¥ A SiNAES A E (pre-
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Rl 74]¢3H"1 g7stz] #8 Ti-Al-N Z2A

Z
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Fg. 3. Interplanar distance, d111, of (111) crystal
plane as a function of Si content.
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Fig. 4. XPS spectra near the binding energy of Si
2p with various Si contents.
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Fig. 5. Cross-sectional HRTEM images and their
electron diffraction patterns for Ti-Al-Si-
N fiims having different Si contents. (a) 4
at.%. (b) 9at.%.
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AR (~ 50 GPa) T1 Al-N Hqu o Ax

~30 GPa)oll Hl&} =Al SUHEAE &
Ath ol ZA Ti-Al-N wreiie]l Sizh H7hgel
g} A=rt 345 Fokske 9oz e thild
A ezslel (Ti AL SUN 24g5e 2 3%
AAZ 7 Jdn vA 724 (micro-
structural flexibility) & 7FAl&= H]A SisN.oll
o) 3t 7ket Ao =] (cohesive energy) o} 23
A (Ti, AL SHNA Afo]2 884 SiN,e] Aol
ot AAY =7|Y mAlgld wE Hall-Petch
relation T2 <3 ArIE® 2HEUA A
(grainboundary hardening) 2 A% " 4 irh
aga ArF7PE dolve e shve] ol
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Uepdt} o] d wjdl & Stan Vepreko] A
obet YB3 o] Jida & dAginy . gk
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Fg. 8. Microhardness values of Ti-Al-Si-N films
from the results of Fig. 7.
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