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Microstructures of Anatase TiO. Thin Films by Reactive Sputtering
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Abstract  Anatase TiO. thin films as a photocatalyst were prepared by the D.C reactive magnetron sputtering process.
The TiO, thin films were deposited on Si(100) substrates under the various conditions : oxygen partial pressure, work-
ing pressure, substrate temperature, D.C power, and deposition time. The morphology of the TiO; thin films showed an
island structure. At early stages of film growth, amorphous phase formed. However, during the further growth, colum-
nar crystalline TiO: grains evolved. The crystallinity of the thin films depended on the oxygen partial pressure, the

working pressure and the D.C. power.
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Table 1. Deposition condition on TiO. Thin Films.
Value

5x 107 %orr
2% 1072~3x 10 *torr

Deposition Parameter
Background pressure
Working pressure

Target Ti
Substrate Si
Substrate temperature R.T.~450C
0. gas flow rate 0~12 sccm
Ar gas flow rate 20 sccm
D.C. Power 3.3 W/cnt~9.87 W/cnt
(150~450 W)
Source to substrate distance  5cm
Time 10~60 min
Presputtering Ar 20 sccm, 4.38 W/end,
5 min at 1 X 107*orr
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Fig. 1. Thickness of TiO;, thin films prepared by the variation
of the O:/(Ar+ 0. ratio. (working pressure : 2x 10 *torr, D.C
power : 8.77 W/at, deposition time : 30min)

o}
3. & o nE

31 Magote ot A

alubd o 2wk Al 2 E elwlel olste] TiO, 59 AbE}
o} 7]e} AsHEE AZT A AT R, vk
Bor, 7)ge] ex ) ebziat s\gste] A, PlEEe #
%o me} wtete] AATE 9 oATEE e AolE B
oAl ok £3] olF Wy F HhThae] EshE “'“!-H

ARt )¢ Fog AR A, Ti0, Z A=
s Zol Adsj = olopuk {h’f}
T 7o 8 4ay3l anatase
g ¢t AP S
2 20scem, Py 2x107°
torr, O: gas®el B91g 5~40% 747 WA 715, A7ty
W% 548W /i ® Corning 7059 cover glass #loll 15%
7t ZEAA F X-AHAAPE Papch. ALY 2,
ARalo] 5% o]Ako A anatase Ti0.9 H=r} HAEH
geom, 31% olddlle H=7}t Aab Ak I
gulgic}. 5% ol8he] Ataistel A TiO, Wart HEH A

e AL Ao ¥Eow sl TiO ) AHA X

3 A0 8 B, dutxe T whgA AFEHYRCE
ABEE AZT Ao Tig} dhgahe Atk HTFES
% o) Fe] AbaEgte] Wad ReR dA Yot A
239 31% ©)elA anatase Ti0.8) T=7} Al AE
He Abart o) TFH A Tiio] AR 8 T
Aehe P e ~5Eg Yozt 4AHck. w3 2HAEH

Ti7} Sepzutst 7)gollA Abhdt Bgdo 2 wedly o
kgl sub-oxide® WAASHY] B Fo] AAAbo] Jehbx] &
oz ARg dFEFHe Jeu?, oE e H=vt 7
257 gfo} #alo] ofeisict. oAbl ofujAld Aol A
anatase TiO, A4l A4AE & sl dAALEME
31% = yebyict.
Fig. 12 7157k glo] 4t Z

5 9ol 8.77TW /et ] <d7}z\i"’4 27 2¥A14) TiO,
npako) Lruists vebdl olr. 2lA Jehd wlet
zbo] A4 glo] Zrlstelr FAlE & WEE BolA gt
7} A=A Bl 31% ol A FAE FAN Ao
tpebugich. ol dluld@ AT A AFF vk o] Ti
e} Alo) o)o] Abiel oJa) Abs=E|e] Au{E{go] ZFAadta
7] Qe o2 BojAlch, wh-g-A) ARE YA gt 9
8 Abo] wistE AR oldolME AvEH £xuT
e}l o] Az & wst w2 2= o) o] Astsed), At
o] AHEIES FEo njste] v Fon2 FEEY
ZFas ok7)A17 7] WFolt}, o)F whabe) X-A ALY
AHE Fig. 20 e ARa¥st 10%Ae
anatase Ti0;9] (101) ¥ 3)A s=gto] &=, 2
aho) Bl 2 x}o]7} glgolle AbLRgto] Frighel w2t
(200), (105), (204)79) ¥4 =7} veht ZAA e
z=7b8t3 9lee ReiF T 9t} Photo. 12 4 Ab&d s

7FA1719 Si H el

aPE
= 30



iy
ob>
o)
=)
24
i
°
2
e
£
ofo
o%
>

(¢) 41%

Photo. 1. Surface morphology of TiO;, thin films prepared by
the variation of the O./(Ar+ O,) ratio. (working pressure : 2x 10
“torr, D.C power : 8.77 W/cri, deposition time : 30min)
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Fig. 2. XRD patterns of TiO, thin films prepared by the varia-
tion of the O./(Ar+ Q) ratio. (a) 10% (b) 20% (c) 23% (d) 28%
{working pressure : 2x 10 ’torr, D.C power : 8.77 W/an, deposi-
tion time : 30 min)
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Fig. 3. Thickness of TiO. thin films prepared by the variation

of the working pressure. (O./(Ar+0,): 23%, D.C power : 8.77
W/cr, deposition time : 30 min.)
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Fig. 4. XRD patterns of TiO. thin films prepared by the varia-
tion of the working pressure. (a) 2% 107 %orr (b) 1% 10~ %torr ()
2x107*orr (d) 3% 10~ *torr (0:/(Ar+0O,) : 23%, D.C power : 8.77
W/crl, deposition time : 30 min.)
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Fig. 5. Thickness of TiQ;, thin films prepared by the variation
of the substrate temperature. (0./(Ar+0Q,) : 23%, working pres-
sure: 1x107%orr, D.C power: 8.77W/ad, deposition time:
30min)
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Photo. 2. Surface morphology of TiQ, thin films prepared by
the variation of the working pressure. (Q./(Ar+Q,): 23%, D.C
power : 8.77W/cnl, deposition time : 30min)
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Photo. 3. Surface morphology of TiO, thin films prepared by
the variation of the substrate temperature. (O,/(Ar + 02) : 23%,
working pressure : 1x 10 %orr, D.C power : 8.77W/cii, deposi-
tion time : 30min)
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Fig. 6. XRD patterns of TiO, thin films prepared by the varia-
tion of the substrate temperature. (a) R.T. (b) 300°C (c) 450
(O:/(Ar+0,) : 23%, working pressure - 1 x 10" *torr, D.C power :
8.77W/cit, deposition time : 30min)
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Fig. 7. Thickness of TiO, thin films prepared by the variation
of the D.C power. (Q./(Ar+0,) : 23%, working pressure : 2% 10-3
torr, deposition time : 30 min)
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Fig. 8. XRD patterns of TiO: thin films prepared by the varia-
tion of the D.C power. (a) 3.30W/cd (b) 5.48W/cd (c) 9.87W/ch
(O:/(Ar+0,) : 23%, working pressure : 2 10™%torr, deposition
time : 30 min)
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Fig. 9. Thickness of Ti0, thin films prepared by the variation
of the deposition time. (0./(Ar+ O.) : 23%, working pressure : 2
x 10~ *torr, D.C power : 8.77 W/onl)
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Fig. 10. XRD patterns of TiO; thin films prepared by the varia-
tion of the deposition time. (2) 10min (b) 20min (c) 30min (d)
60min (O,/(Ar+Q,) : 23%, working pressure : 2x 10%orr, D.C
power : 8.77 W/af)
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Photo. 4. Surface morphology of TiO, thin films prepared by
the variation of the D.C power. ( O,/(Ar+(Q,) : 23%, working
pressure : 2 X 107%torr, deposition time : 30min)
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Photo. 5. Surface morphology of TiO, thin films prepared by
the variation of the deposition time. (O./(Ar+Q,) : 23%, work-
ing pressure : 2x 10 %orr, D.C power : 8.77 W/cif)
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Si wafer

(b)

Photo, 6. TEM images of the TiO, thin film. (a) cross-section
image (b) high-resolution image of cross-section (0./(Ar+0,) :
23%, working pressure : 2x 10~*torr, D.C power ; 8.77 W/, de-
position time : 1hr)
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