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Dependence of the Formation of Ti0.:d Films on Plasma Process Variables
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2 ®AA Al Ti ake] 34 Frlsld®E, FAE 454 C, Neoj §i-59c}. 712l bias§ 713 Af-l= Ti %l F
7IE WA, 2280 2A FrEgS =8 w$ AL oko] H.O(~10"*Torr) &= TEMAT {tetrakis {ethylmethylamido) titani-
um} FelE EEA o olF o] Fo] C, N kg IA F2A|7|EA Ti0xl 8755 $E8T 08 Agstdch Asdgoz F=
n} uh2.e)) o]ale] ABAIE Ti okole] TiOx wutgAdol F2d 7|9E tx glenl, @ Wk Eet=wie] ARE2 Ti ofold 44&
@A EAA T3, £97) Foll A5 vjge] fEo] TEMAT £4 848 27 31e Ti0, ub & ol F 3 o),

Abstract Plasma enhanced chemical vapor deposition of Ti0:.é has been carried out using TEMAT [tetrakis
(ethyimethylamido) titanium] and H.. Increasing the power from 300 W to 500 W produced the high density plasma,
leading to the formation of TiQ; films with an increased ratio of Ti to O and a negligible amount of C and N. Appiying
the bias of 30W to the substrate increased the growth rate of the film with a slightly increased content of Ti in the
film. In addition, H.Q was from either the residual gas in the base pressure or Hi{/He) gas and actively participated in
the formation of TiQ, films. Consequently, Ti ions created in the plasma could be a main contributor to TiO: formaticn
with a slight amount of H.O(~ 107*Torr) in the ambient, which provided the dissociation of TEMAT.
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MOCVD (Metal-organic Chemical Vapor Deposi-
tion) Wb o] 242 whate] 23} 2o & 37 @R F 5
de] e FA o) wlakAgl oy Reolel H-8387] 9
shed A7z} FEEA o] FAX gt FHTellE TIN'Y,
AlY, Cuv®2} 2 Az E izt MOCVD 33& 44
317] % o] HIFHo 2 o] FoiH AA) HE AeAE
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sor) ol W&k =9} FA T-A LR oJFejAm lon,
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Mass Spectrometer (QMS) & R-2Hsle] chamber <)
leak &%, 27} AT E, He, H, 730 TR HO 5%
2 =Astgc). =4 1000 £ /min F 3 (pumping) 59%
7H8] turbomolecutar pumpZF $-# 5] J& T ghHS
478 4= Agleh. TEMAT 33928 2= 99.99% °)
o] Alg gz, £RI7|ARE Hed HHE714 Hoe £5
99.9999% °] ol&=sich. ¥ ARAA Arg-® AYZAL
Table 13} 72},

Za9 dtake) WAF &AL four-point probes ol4
sty 2, FA= surface profilometeret Scanning Elec-
tron Microscopy (SEM)& Ah&slgrl. =% X-ray
Diffractometer (XRD) S ¢]83hed whabo] AHE- 2AbE e
3, Rutherford Backscattering (RBS)& 3 wpate]
ZAEHE o] o]-g-=glnh

Ao 2 o|a=r], o]d

source

stoichiometry &

3 Eut R 0E

==

2 A3 2
] A=ke] N3 Cr}
H. #2k, 7l 715

TEMAT/H. Ze}=n0}l& o] &5}o] whale
J—]‘ Tlil- 07} H]—D]— I:\'i
£usgc 2elm ¥ gl

Z}AH ]

Table 1. Deposition variables for TiQ; deposition.

Variables Range
Substrate Temp (C) 350
Pressure (mTorr) 150~500
Carrier gas (flow rate, sccm) He(50)
Reactive gas (flow rate, sccm) H.(0-200)
Source power (W} 300~500
Bias power (W) 30
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Fig. 1. A schematic of ICP equipment
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Fig. 2. Effects of H; flow rate and pressure on the growth rate
of TiO, films deposited at the temperature of 320C, the power
of 300W for 5 min.
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Fig. 3. Effect of bias power on grwoth rate of Ti0, films.
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Fig. 4. Effects of H. flow rate and pressure on the deposition
rate of Ti0, produced at the power of 300W and the hias power
of 30W.
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Fig. 5. Effects of H: flow rate and pressure on the deposition
rate of TiO; at the power of 500W and the pressure of 20mTorr.
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Fig. 6. AES depth profiles of TiQ, films deposited (a) with no
bias; (b) at the bias power of 30W; and (c) at the power of S00W
with 30W applied to the substrate.

AR ol ztgel] YAgcly # £ o}, Fig. 58 ¥
s}2 &hellA] powers S00W 2 27H4]A & 9 Sz}
S BAAZ A gl FEED vIA T HEHE 2ARE A5
olch. = Wx Eet=npr} A& uet F2AE0] 1/2 A
T2 R2HT glev, He 3] 71l wet S2H8o]
Fragte ARE RodF 3 loh ¢hHo] vled ghe] dof
Z 7hed FEge) A4H 2L He ot o] 4™
Hl 7lalels Zle g Atz ol &, He f2F 7)ol oa} v)
o2 7hage He H-82 He 7lol g3ty F7l=El=
electron - AR E o] Fof Zep=e} w5 o|&
3} 582 Z2A7E ZE okr] Al7|a, AR F

z5le 7o g€t B wgl
2A ol gtk Zlelth HIAFL H,

71L- w4 o)
2 Hr}ElR) ek At 2350 w-cmo} delfT, H,



7] - R

o] 4t 3

2] f-gF Srlel wpal AEHoE T4 =W 50 scem H.
of A 775 u2-cm & Vel gl

Fig. 62 280 mTorr &3 74, 280 mTorrel+
biasF 7H5t A%, 45 mTorr 4] 500W 7kt 35
sdefzl z}ztel AMEEd giF AES B4 Aol wpwt
Well Fa5H4 25t 94051 0, Ti, C, Ny o 5
sdch. =7 biaszt 7}#l Aol wel Ti oke] F715E Aol
glit, 53 3 195 Fapzolrl H4-g AHfole sy g
Ti oke] &EAstA F7HE9e¢ & & I 09 e
high power7} 712l 3o AdeiH o 2 Fojgx glor,

Ce}l N¢j o2 dA3A 7hasel 22 AES detection
limite 2 £AEE ¢ 5 Urh o9 o] o A& Fep=
uE ZHEF Aol Ti #fe] AAFA FrlEls AL 2

Zaotel| 23t precursor2R-E Ti o] Ao} =A 7}
3o] Ho} g2 Tio] uht Ao Fojdlis o 7] et A
2.2 oldf g $ glow, & a|XFe] =A weolxl
Fhel Ti o]l 7jolstz glc}. z}e)e] Ti o] 2R
AEE 99 AFAAE TiOw 05 nd WA 4k}

b

L VI
ooz e

L HolA A AL E FUA7|Z ekt Pig, 72
Fig. 614 AES 4% 45t A& i3k RBS &
A A3telch AES A3t dX)5l: HAE B F3 g
o}

Fig. 82 wha} off 353 4k A3 digh ZAs 4
A&7l Hste] 27 AT GH(EX10Torr), He
10scem, H. 10scem, He ko) (10scem) 442] A%
ol thg QMS A4 ZHjoloh =7 AE ¢he A9
2 Frol7le shRet HOs2) AEe] nfs 2e ofo] £
& B F3 9ic}, Fig. 8(b) = Hed 10scem 2 7
+E24 Heoll siddhs 7k peake] #o] Sz, ol9}
7 ddEke HO7F &=z 9o}, Fig. 8 & H.E
10scem &3 Aejoll X S413] A2 Heol] W|gle] =27
S7H HO el A&=H7 9le], Heoll vty ¥} g2
H,07) Heoll AP S o 4= glo}. Fig. 8(d) = 10scem
H. 300W Zet=nl 23 sl BA8 Axp2 ofzke] H,
O 74} 7 Coll FHR(CO, CO» AYAES] IA =
7IEE & 4 Utk ol& chamber W3el] a5l 24
FHEESo] HO Sh=ebe} whestglg Aodeke] $7)8
°] desorption H¥AH ZEH 7o T old|Hr}, AAHe T
MOCVD chamber A& Q, Zelzelr} 203 o4

B 72 4R 2 glc}. ole} e B Azt HE 2
7] AF L He = 0,298 22 ke H,07} 59
o Eolths g 4 4 glen, o9 HO: T3
Foll 098] FF28 AF=E Ao R e]s]® 5 glc}. He
 HoolA 238 H09 48 282 o189 4 (1) o]
£3te] 73 Hex 0.0056, He2 00189 o] 7alal
=

Pao  Ino
P L

(M )% 1

M,

47141 P, I, M2 zZ7he] daFel i b3, QMS

Colxiz: Eebzel RA WAL TiO=s We WA oAE 9B 735
Ti
—a =0.47
2000 t}
CN o
E 1500 <
=
-
g
g oo i
=
£
P
2 500 -
Q T T T T T T
200 00 400 560 0o 700 30
Channel
(a) T =049
2040
c o
o 1500 N
=
- Ti
-
.“E‘ 1000
=
E
=
5 st
0 T T T
200 400 08 800
Channel
() =051
2000
C
N 0
1500 |
=
E Ti
T 1000
A '
=
E
et
S 500
Fa
o T T T
00 404 00 800
Channel

{c)

Fig. 7. RBS of TiO, deposited (a) with no bias; {b) at the bias
pewer of 30W: and {c) at the power of 500W with a bias power
of 30W,
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