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ABSTRACT

TiN films were deposited on high speed steels by plasma assisted chemical vapor deposition (PACVD), cathode
arc ion plating (CAIP) and reactive magnetron sputtering (RMS). The properties of the films deposiled by
the three different methods were compared. The preferred oriented plane of PACVD-TIiN is (200) and those
of CAIP-TiN and RMS-TiN are (111). PACVD-TIN shows a dome surface and a micrastructure having small
grains, CAIP-TiN shows the highest microhardness and the best adhesion strength of the three because it
has a dense microstructure and an ill-defined interface. But it shows the greatest surface roughness due to
the Ti droplet created by the arc. RMS-TiN shows a microstructure having large voids so that its properties
in microhardness and adhesion are the worst of the three.
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Table 1. Deposition Conditions of TiN Films by Different Deposition Methods

PACVD CAIP RMS
Deposition Temperature (C) 550 450 80
System. Pressure {torr) 3 541073 61077
Gas Input Fraction TiCl,/No/Ho/Ar - No/Ar : 1/2 NofAr - 1/2

0.75/15/35/50
Interelectrode or Source/ 5 25 &
Substrate Distance {(crm)}
Substrate Bias (V) - —250 -
Interiayer - Ti 0.1 pm Ti 0.1 pm
Plasma Type RF DC DC
Other Condition RF Power: 456 W Arc Current ! 100 A Sputtermg Current :
130 mA/em?®
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Fig. 1. X-ray diffraction patterns of (@) M2 substrate,
(b) PACVD-TiN, (¢} CAIP-TiN and (d) RMS-
TiN,

Table 2. Texture Coefficients of TiN Films by Diffe-
rent Deposition Methods

(hkD) | I, JCPDS) o

PACVD | CAIP | RMS
110 72 0.4 2.0 30
(200) 100 2.2 0.01 0.1
(220) A5 05 - 0.05
(311) 19 09 - 0.1
(222) 12 - 10 18
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Fig. 2. SEM photographs of PACVD-TiN: (a) surface,
(b) cross-section.
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Fig. 3. SEM photographs of CAIP-TiN: (a) surface, (h)
cross-section,

o g & i, columnar® 435l oles o
< gltl. Fig.6(@)e] TEM #1714 2w PACVD-TiNZ
w5 =2 AHRE AR glaw FFe] g Aud
A FEE 7S gl o qlgich CAIP-TIN®| 54
(Fig. 3)oll= 54 Aol 5= umel| o] 2= Ti dropletEo]
EA4ste AE HEYE 1‘3\19—“‘-1 ajzle] HiE A4
2l o) ol Z8e o ¢ oalgivh S3Ed
nar +#% 73tk Fig ::n(b)S'«] TEM A}l 3&%}‘1 CAIP-
TiN-2 7]3°] ¢l #4938 725 #1212 95v}h RMS-
TiN(Fig, 4)¢ = =222 sbyd-2 columnar £ 7}
Aa gldden, wut ZHe conelike T2,
TEM A2 (Fig. 5(c)e2 porousﬁ’?- TS BH g
elgich olwl zhzhe] 7214%’—3 Al 7| Fe o)
2l 2] q] La{disconhinuous struclure)s el el o),

PACVD-TiNel| 4= v]ns 23 2e7 2037 23
Zdola] HEE dxg o]Fe] Holdle] A o

shadow regions #4994 columnar 723 ZHe dome

2 colum-

£.q]eha]4]



5 ey e B Ny R T
F TSI

- ey A . Y=y
Fig. 4. SEM photographs of RMS-TiN: (a) surface, (b)
cross-section,

He|l2 Aashe Aoz QA CAIP-TINGAE: 2
bias A¢r& 7} =of ion bombardmentel 2% T 32
71ge] gl A x5 7lEe o 5 gld Ty
RMS-TiNel| A& #&elld mafe] bias H3rg 7}
i FHE nr] dEd FEE dAE5e] 89

{H el ols) FaE TN 9bube] =4 ulm A7

kt
fe

zvA] Eslo] shadow regiond 2HHE| A9
71gtell conelike +2F »}3 porous FE7} L}

b3 Az,

¥
F% i o

[F%]
[F¥]
0x
HE
HI
i

[=)

Ll

fit
a0
oL}.'r
Ao

petebEn) ul S5 43k A Ag]
EEE 71AA, satE da2d) & dikg 2o} Fig 6
of2] Zahub el ¢)gk TiN =bate) AES depth pro-
filed Vhebdsleh. PACVD-TING #atak2 u){N/Ti)7} 1
Hr} 2k TiNggr#] substoichiometry <& oF 4= 9lel=}k
el £¢E 49 oxvgens} chlorines] ako] zpz}h 7
at%sl Sat%rl EAlsigck Adez 42 TN
sticichiomelry 7} =% substoichiometryz} ®22& < <
2123, oxygeno] AM LR ZeE Zrlalcl Adea
HE 1R Ae #E2E F gy ol 2yt =
well gAlg sl gEel Heg ATl CAIP-
TiN% 35 sgatEa|(N/Tie whehyedls] g3 s,
TiN1162 E Ne richd overstoichiometryE b gl
TEE @A Ti $713 <) TiINg Neo| A=t ghilue]
AT = 9lud], o]= & ZA] biasel] 97
Al E3 5 Finteface mixing effect) 2 A 2+= ), o] 25
F2 AEER 9 AHIHE d4E& 5 dg Ak
EMS-TiN® 72 2(Fig. 6(cHEH¥E] Ti®} N9 stoichiome-
trye TiNLE overstoichiometry2 lehglch. RMS.
TiN9] depth profiled- CAIP-TiN== w&] Ti 3150
TiN®} N &g Fee77] ¢gi-& & o sek PVD-
TiNel A Z2l=n) 425 5 Tie 22 99 oxy-
gene| 2ol AEphS-g SLER TIN/TI A w4
oxygene] o] EAsle ez Yoo}

=

ol
i He o

34, FEEZ

Fig. 5. TEM photographs of (a) PACVD-TiN, (b) CAIP-TiN and (c) RMS-TiN.
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