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Effect of total pressure on the structure and hydrophilic property of TiO,

thin film prepared by reactive DC magnetron sputtering method
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Abstract
Titanium dioxide (TiO,) films were deposited on Si and glass slides by reactive DC magnetron sputtering method.
The effect of the total pressure, in the range of 3.0x10° - 1.1x10% mbar, on the structure of the film was investigated.
The crystal structure was characterized by GIXRD technique. The microstructure, surface morphology and thickness
were evaluated by FE-SEM technique. The optical transmittance was measured by UV-VIS spectrophotometer. The hydrophilic

property was evaluated from contact angle after UV illumination. The results revealed that the structure and hydrophilicity
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were influence by total pressure. The as-deposited films were transparent and had high transmittance in visible regions.

The thin film was titanium dioxide with the mixed phase of rutile and anatase structure. The phase transition from pure rutile

to the mixed phase of anatase/rutile and pure anatase was observed with increasing of the total pressure. The thickness

was in the range of 113 nm to 149 nm. The crystal size increased from 15.40 nm to 65.10 nm, with increasing of the total

pressure. The refractive index (n) was in the range of 2.30-2.50. The energy band gap (Eg) was in the range of 3.29 eV

to 3.42 eV. The thin film with pure anatase phase showed the contact angle of 0° after exposure to the UV. This exhibited

clearly superhydrophilic property of the film.

Keywords: titanium dioxide, thin film, hydrophilic property, sputtering
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Table 1 Thin films deposition conditions.

parameters details

sputtering target Ti (99.97%)

substrate temperature room temperature
substrate-target distances (d,) 10 cm
base pressure (Pg) 5.0x10° mbar
working pressure (P,) 3.0x10°, 5.0x10°,
7.0x10°, 9.0x10°,

1.1x107 mbar

sputtering power ~ 200 W
flow rate of Ar 5sccm
flow rate of O, 10 sccm
deposition time 60 min
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Figure 1 The feature and diagram of the coating system used in this work.
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Figure 2 XRD patterns of TiO, thin film deposited at difference P, on Si.

Table 2 Some properties of the as-deposited thin films at difference deposition conditions.

crystal size (nm) thickness deposition rate
total pressure (mbar) Eg (eV) n
rutile (110) anatase (101) (nm) (nm/min)
3.0x10° 15.40 - 127 212 3.29 2.50
5.0x10° 16.50 - 113 1.88 3.30 2.49
7.0x10° 21.80 37.00 121 2.02 3.35 2.42
9.0x10° - 50.90 149 2.48 3.39 2.31
1.1x10” - 65.10 147 2.45 3.42 2.30
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Figure 3 FE-SEM images of TiO, thin film deposited at difference P, on Si; (a) 3.0x10 mbar,
(b) 5.0x10” mbar, (c) 7.0x10°” mbear, (d) 9.0x10” mbar, and (e) 1.1x10” mbar.
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Figure 4 Transmission spectra of TiO, thin film deposited at difference P, on glass slides.
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Figure 5 Refractive index of TiO, thin film as a function of wavelength.

2700

2400
2100
1800 £ ,v’:“ gt I
1500

1200

(o hv)"2 (cm™.eV)'?

P, =3.0x10" mbar; Eg = 3.29 eV
900

— P, =5.0x10" mbar; Eg = 3.30 eV
600 — P, =7.0x10" mbar; Eg = 3.35 eV
— P,=9.0x10° mbar; Eg = 3.39 eV
300
— P,=1.1x10? mbar; Eg = 3.42 eV

3

.5 4.0 45 5.0 55 6.0
hv (eV)

Figure 6 Dependence of (ochv)“2 on photon energy for TiO, thin film deposited at difference P,.

o Y

HRUDIAMNAUTINARANLIR LalATHAN TednFneLAeinyNANTa nansAnsALandly
anTdlalasanvesilduunslnmiflan-  (Figure 7) Taflunsmuansdyududaneanszan

e o Ao aa \ PR A A o = -
Taaanlasnssadliluantdainaisunannedn Medeunazldwmasuiaulninilanlneanlas

yududarasinaunveaseUUiantihaasiduLe neulazudsnisiunasdansnlolotaniiu



252

Q.UNA. 8(2) : 240-254 (2563)

P
o a

2e1Ea i Yi9Han (Figure 7) WUy Ndndaves
s o - % an A ale

PEAUINAULURMTENB9NszAnT I H M seaa Ui A
Tnmilanlpeanlas newinllfunassanilaieian
HAlszanns 20 a9 Wt lU5unasdana lalaiam
Wunaseitasiu e dalus wudnyududanes
nszanglasilannldipaa Ui aNgIAsH AN
20 29A" BaRINNTEanaNRlNENNPRALNAN
InmdlanlnaanlamiuliuansaniiRlalasian

o o = =ﬂ| A al & a

A mFunstinsvan AL anUNe InmiEies-
Ineanlafanuanisdnensaudnalis (Figure 7)
wudyudndarasianuennflanlasanlss
MavuaneusuLaasans hlaani A lutaelsyann

65-75 B4FN NAIANNTNHANTINNATLEFeN 16 1

100

o o

rafunasdansnlalataanudiyuduiaaeg
Afuunniflonlneanladidalid e den
ApAIANNIANTI S ULas s I Tam Taemwdn
Fduunenmienlneenlodindeudiannufu
39961 (3.0x10°-5.0x10° mbar : awuilagin)
aziiatilifunassansllalansaiiias 6 Falu
NNANTANAAAAIAINUTTHNDL 75 89AT AINN
fiAndszanns 35 agfn ausARAN LN Tles-
"lmﬂ@ﬂ”l,eﬁﬁﬁLﬂﬁ@w’vﬁwmmﬁquq (9.0x107°-
1.1x107 mbar : Naudinaaung) yududs
neufuuassans lalalaniA1lszannd 65 296N
wasih lanaiuuassanslalamn wudnyuduia

anaali 0 89AN

90
80
70
60
50
40
30

Contact angle (degree)

20 = LU FOTPPIOY - PPN

10

+@- Glass

== P, =3.0x10" mbar
== P, =5.0x10"° mbar
9= P,=7.0x10° mbar
=/ P,=9.0x10" mbar

@ P,=1.1x107 mbar

3 4 5 6

Irradiation time (hr.)

Figure 7 Contact angle of TiO, thin film deposited at difference P,, following the UV illumination time.

= :/I dy Y @ 1A 6
NANNANHIATIRULAA LTI AN LN
Inwiilanlpaan AN NN AAUINARINITOLEA
aniTdlalasianlaandaWauuialyimilen-

Taaanlafnfinaging esainlaseaiianan

waaumagNfsaian1ssansaiululaes
fiannsaunazlaaludnaaunszdaiuaudas
WAUgInI Az lng uanantiaaunmads

awnsngadulansenlaflesaulfininndiasmnli



RMUTSB Acad. J. 8(2) : 240-254 (2020)

253

ganunsananlansendalsineald ludiuiniunn
(Wang, Sakai, Fujishima, Watanabe, & Hashimoto,
1999) u@m’m?jﬁqwudmm‘”mﬂTM@ﬁ\IﬁNU’N
Tnmdeulaeenlofiadeufonnaufugs
(1.1x107 mbar) #4ilaaunmng aansnanasifly 0
a3rn neli 2 Falua uannaaselugdauiuaaals

windnNausEenAgpilaniia lalasianitean

a9
Ao a Ao P
suAdsigunrasseNAduuna e u-
lasanlds (Ti0,) AoeddsuaannATUNNEATEU-
allniees g Tins INOANHHATENANNALIIN
1199 3.0x10° 89 1.1x10” mbar sialazaasaLay
g1 lalaanteiannwizanl® LanisdnewLan

a

o = ' e s a
ﬂfJWNmu?’JNNN@m@IﬂN@?W\'ILL@%@NUWiEImi‘W@ﬂ

'
al

TnalaseasananaInmALia GIXRD WUdTHANT
wianlidulnmidonlaeenladidmaging
UATRUING 'Immﬂmmﬂzﬁrmﬂ?{ﬂumngvmﬁ s
N0 NFBUINE uazaLINE AINNTRNTY
PBIANNFUTIIIAREL dauTnARANRA I

15.4 nm 11l 65.1 nm AINNIFNNUBIAINHNAUTIH

a

ANMNATRA FE-SEM WU ANAUIINANNURY
AANHANHUEAUTIN T ULAZ T INTUIBIALAD

Tneflduianansuvajau Weanuausuiiandy

ARunwrenlfi AN 11199 113 nm 9 149 nm

A WFLANTRNIUEIAIN UV-VIS spectrophotometer

o

1Al e Q; = ¥ A 1 IS
nuINRAsraN AN aneue s auasnazliAnig

I a

AernuuaIg TnadlAnaatiinm (n) Tutag 2.30 fe

2.50 LazAANTeIun NG (Eg) lutae 3.29 i

a <

3.42 eV anNANZiaNLT R lalasian Teansnin

anAyuduTanaInIsaeiuLassanilalaian
wuAsuuanaanmaiantim lalasiananan
waglng uﬂnmﬂfﬁqwudmmﬁ“uﬁmﬂﬂﬁu
"menﬁﬂmm”lfﬁﬁﬁLﬂﬁ@uﬁqmmmﬁugq (1.1x10”
mbar) Gl iaeuna arunsaanauiu0 e
ety 2 dalus uanalifiuin g aitans
lalsTand ean viailnansinnanneiseduil
anungn g iy alumavsesildundmien-
Tneenlasnsmanen (g 150 avwa) izaanaN

o

i = a o aim
PRANMUzIANT ANTRNNUAT uavantiF lalnsian
B989AAINEBINTT UAZENAINNINUNBIARAINNET
T tandniuipdauiafiueudunanis

dszgnaldeuiunszan fprnazeinsaiedly

©

¥ A o e A 3 =
AIANT UNULTAU V]ﬂl;}ﬂﬂﬁ‘m NTRETULIUR UBNATNU

s

gagrnnsnthan Wl szgnaifludupdaundantin

Tunnseganiaiuinuemanupaiizeldansas

I REGEREN

Babelon, P., Dequiedt, A. S., Mostéfa-Sba, H., Bourgeois,
S., Sibillot, P., & Sacilotti, M. (1998). SEM and
XPS studies of titanium dioxide thin films grown
by MOCVD. Thin Solid Films, 322, 63-67.

Brady, G. S., & Clauser, H. R. (1991). Materials
handbook. New York: McGraw-Hill.

Buranawong, A., Witit-anun, N., & Chaiyakun, S. (2012).
Total

pressure and annealing temperature

effects on structure and photo-induce
hydrophilicity of reactive DC sputtered TiO, thin
films. Engineering Journal, 16(3), 79-89.

Choeysuppaket, A., Chaiyakun, S., & Rattana, T. (2018).
Effect of

tungsten sputtering current on

structural and morphological properties of WC



254

Q.uNTA. 8(2) : 240-254 (2563)

thin films. SNRU  Journal of Science and
Technology, 10(1), 82-86.

Fan, J. C. C. (1981). Sputtered filims for wavelength-
selective applications. Thin Solid Films, 80, 125-136.

Fujishima, A., & Honda, K. (1972). Electrochemical
photolysis of water at a semiconductor
electrode. Nature, 238, 37-38.

Fujishima, A., Rao, T. N., & Tryk, D. A.(2000). TiO,
photocatalysts and  diamond  electrode.
Electrochimica Acta, 45, 4683-4690.

Horprathum, A., Eiamchai, P., Chindaudom, P.,
Pokaipisit, A., & Limsuwan, P. (2012). Oxygen
partial pressure dependence of the properties
of TiO, thin films deposited by DC reactive
magnetron sputtering. Procedia Engineering,
32, 676-682.

Leasen, S., & Boonyopakorn, N. (2017). The effect of RF
power on crystal structure and electrical
properties of aluminum-doped zinc oxide films
prepared by RF magnetron sputtering technique.
RMUTSB Acad. J., 5(2), 129-135. (in Thai)

Li, G. H, Yang, L., Jin, Y. X, & Zhang, L. D. (2000).
Structural and optical properties of TiO, Thin
film and TiO, + 2 wt.% ZnFe, O, composite film
prepared by r.f. sputtering. Thin Solid Films,
368, 163-167.

Mardare, D., Tasca, M., Delibas, M., & Rusu, G. I.
(2000). On the structural properties and optical
transmittance of TiO, r.f. sputtered thin films.
Applied Surface Science, 156, 200-206.

Pulker, H. K. (1999). Coatings on glass. Amsterdam:
Elsevier Science Publishers B.V.

Ratova, M., Klaysri, R., Praserthdam, P., & Kelly, P. J. (2017).

Pulsed DC magnetron sputtering deposition of

crystalline photocatalytic titania coatings at

elevated process pressures. Materials Science
in Semiconductor Processing, 71, 188-196.

Ritter, E. (1975). Dielectric film materials for optical
applications. In G. Hass, M. H. Franscombe, &
R. W. Hoffman (Eds.), Physics of Thin Films,
Vol. 8, New York: Academic Press.

Swanepoel, R. (1983). Determination of the thickness
and optical constants of amorphous silicon.
Journal of Physics E, 16, 1214-1222.

Tang, H., Prasad, K., Sanjine, R., Schmid, P. E., & Lévy, F.
(1994). Electrical and optical properties of TiO,
anatase thin films. Journal of Applied Physics,
75, 2042-2047.

Tauc, J. (1972). Optical properties of solids.
Amsterdam: North-Holland.

Thornton, J. A., (1978). Substrate heating in cylindrical
magnetron sputtering sources. Thin Solid Films,
54(1), 23-31.

Wang. R., Sakai, N., Fujishima, A., Watanabe, T., &
Hashimoto, K. (1999). Studies of surface
wettability conversion on TiO, single-crystal
surfaces. Journal of Physical Chemistry B, 103,
2188-2194.

Yamagishi, M., Kuriki, S., Song, P. K., & Shigesato, Y.
(2003). Thin film TiO, photocatalyst deposited
by reactive magnetron sputtering. Thin Solid
Films, 442, 227-231.

Zhou, W., Zhong, X. X., Wu, X. C., Yuan, L. G., Shu, Q.
W., & Xia, Y. X. (2006). Structural and optical
properties of titanium oxide thin films deposited
on unheated substrate at different total

pressures by reactive dc magnetron sputtering

with a substrate bias. Korean Physical Society,

49, 2168-2175.



