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ABSTRACT

Comparative studies on microstructure, and mechanical and anti-oxidation properties between TiN and Ti-Si-N films were per-
formed. The Ti-Si-N films were deposited on high-speed steel and silicon wafer substrates by plasma-assisted chemical vapor
deposition(PACVD) technique. The Si addition to TiN film caused to change the microstructure such as grain size refinement,
randomly multi-oriented microstructure, and nano-sized codeposition of silicon nitride in the TiN matrix. The Ti-Si-N film, contains
Si content of ~7 at.%, showed the micro-hardness value of ~ 3400 HK, which was higer than the pure TiN film whose hardness
was ~ 1500 HK. The Ti-Si(7 at.%)-N film also showed much improved anti-oxidation properties compared with those of the pure TiN
film. The glass-like oxide layer on the surface of the Ti-Si(7 at.%)-N film was formed and retarded further oxidation of the nitride
layer. These properties were also related to the microstructure of Ti-Si(7 at.%)-N film which was characterized by nano-sized pre-
cipitates of silicon nitride phase in the TiN matrix and randomly oriented grains.
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Fig. 1. Dependence of Knoop micro-hardness of Ti-Si-N film
on Si content.
13 at. % Si
- Ti-Si (13 at. %)-N
e A
b 7 at. % Si
7 LL - Ti-Si (7 at. %)-N
e ~ e
Q
et
'5 0at. % Si
TiN
.
l Substrate
— ek ~ "
" L [l il L il L 'S i 'l A
30 40 50 60 70 80 9 100 110 120 130
20

Fig. 2. XRD patterns of Ti-Si-N films deposited on high speed
steel (HSS) at different mixing gas ratio, Mx.
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Fig. 3. XPS spectrum of Si 2p peak with binding energy.
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Fig, 4. Plane view micrographs by TEM for Ti-Si-N films with
different amount of Si; (a) 0 at.%, (b) ~7 at.%, (c) ~13
at.% and (d) electron diffraction pattern of (c).
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Fig. 5. Cross-sectional SEM micrographs of (a) undoped TiN
film and (b) Ti-Si-N film containing ~7 at.% Si.
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Fig. 6. XRD patterns of TiN and Ti-Si-N films oxidized at vari-
ous temperatures in ambient air for 2 h.

712 2417 EAEA1Z) gl oish XA sl A
Azolth, TINQ0O) HZ9] ZJrE Gxlg] %7t 27184
& F43] Al ol Exgld 93 Akert Tt
Holl whe} 4hskE-& Eall XA 314 wlo] F457] wjio]
ol TiN 2HhE 600°ColA] ExEist 4¢ rutle 2] TiO,
9] 314 mlzE0] YETE 700°C ol de] 2wolla Fxiz
g 7% TINQOO) FZe= BSHA] 3L &4 Tio,Y 3
A Ak $FAEY. g4 2=t S7ise] we TiN
(200) A2 20%k0] HS £Fo 2 ALHog olFd e
B 4 9y o)Re Kim 579 97 Ao} vls=3ic}.

Ti-Si(7 at.%)-N 2ehe] 7.9 3] 2% 600°C7H)= ru-
tile 9] TiO7} TSR] A3 700°C7} E|ojA{ok o] 3]
ago) #AFEAY. Wk 600°C7HRE Aske) s o
sttt B 4 A3 700°CHE Atglrt o] Folf S o 4 9
b TiNQ00) Tl=e] Are= EAe 2571 ol wet
7HAshd e}, shARE TiN dheboflAl g TiN(R00) H=9] o]
5o BT = gdch XA 3d AY AdzEE Ti-Si
7 at.%)-N "k TiN gt vja)] Waksldo] Z7tsigdch
= AE ¥ F AU

Fig. 72 TiN3} Ti-Si(7 at.%)-N =k 600°C, 700°C, 800
CollA] Zhz} F71ES)7) SollA 2A17F B9t EA s whet
o] ZAS FEdv|E oz Ak 1goln) Fig 7(@E5-E
TIN ¥9HS 600°ColAl Bx2sh A9 5 29 mutle
TiO, 27do]l AHEULE ¢ + U3, Fig 7b), (=HF
H gAg] 257} ol d4E 4elEe] A5t velEe g
HAHUZE & 4 Aok Z23Y TisSi (7 at.%)-N 2hke]
HHL Fig. T(e), THZEFE 43} $of i@ o=z Yo

—~

2 WIsEAel viAle 9% 99

A Ut

Fig. 8l TiNZ} Ti-Si(7 at.%)-N B82S zHzF 600°ColA] 2
AZE B EX2ldt § AESEA]C] depth profiled WERN
T} whake] S ko 2o 2/dmslAelA Aot
AERET AYAHOE £ 9SS, R dAiT
Tt AbnEEETh B8 JoS sl et of
749 TiN uftol] FA49 2dslEe] F7= oF 9000AC] L,
Ti-Si(7 at%)-N #}ete} 79 <F 2500A°)Ach. Ti-Si (7
at.%)-N Bt AshEolA sigh Tio) dAH]E qHes
T5 ta STRRou dAHeR Si FEE TSI (7
at%)-N giute] FA wekoz A9 g e & + Aok
ojefgt Ti-Si(7 at%)-N #Hete] AshEAe Ti-ALN 2heH?
I g=2A vehdtt, AEkE Ti-ALN dheboja] Al o] &2
FH Zog A itslo] ¥ o g ow Akstd
FUHALOYES AT Ti-ALN BFEelA Al o2
o] xHoR 4 FAkshe A dUiFoem & A7)
Al °]2o} TiIN 2% Aol x|garg =3A7] wjiole}. vt
Hofl Ti-Si(7 at.%)-N 2f2hie] Si Axle Absbapd 5t At
3lE Hool AFEA geth 2L Sif041A)9 T
(0.75A) ] o] Whhe] BYX|7} UE AF TiN# Si:N,
o] 3}8kd Ado] YR ge} TIN 2% ZA el Sie] 2
58] ofF wolx|7] dielth. Althrt Si o] SiN,
4 WollM N o] 23 7 IRAEE FAs 7] diE
off Yol iEe FHow A g4t 5= gt

Fig. 825E) Ti-Si(7 at.%)-N 2fuhe 2apza Asis 7
AolA Aol w27t 543 4Aags ¢ 5 Uk ¥

ksiAl A & 4 ok s ATl A
o= ojE9] v FREHY HdEE < k. Fig. SMA%t
7o) TIN ¥HHFig. 5(a)y2 9 7 W3o= 2 gag 3
e 289 AAE B At mEA gadse] A4
g AAe Fx]ge] st P Ti-Si-N #ehFig. 5
()2 729 thEEgS 71 maltze} SipN2F TiNe| &
Eshe BA 5AS rieEs ot BA HgoE wmE
WA gito] AgE]7] wj ol WHAsHE Aol et

4.4 E

Ti-Si-N  #Hhe TiCl/SiCly/N,/H/Ar E37148 ALE3
PACVD Yo & &% 77t 2 Hel& 7)9 o 32k
o} TiN gfete] 73-9- v Aw7E 1500 HKQ ¥H, Siz)
7 at% H7FE Ti-Si-N Bfuke] A9 uAddx k2 3400
HK$t). Sie] #A7tgo] Svhstel wle} Axrt S7shs A
2 uAls}, ohbere 2 wjEke oA, TN Aol EAs)

Al 37 A A1 (2000



wpys] - el - ol - BYE

Fig. 7. Surface morphologies of TiN and Ti-Si-N films after oxidation at various temperatures in ambient air for 2 h. (a) 600°C, (b)

700°C, (c) 800°C for TiN, (d) 600°C, (e) 700°C and () 800°C for Ti-Si-N.
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Fig. 8. Auger depth propiles of TiN and Ti-Si-N film after oxidation at 600°C in ambient air for 2 h. (a) TiN, (b) Ti-Si-N.
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