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ABSTRACT

Growth and Physical Properties of TiO2 and doped
— TiO9 films deposited by Spray Pyrolysis

Lee, Seug-Ho, D.D.S., M.S.D.

Advisor : Prof. Kang, Dong-Wan , D.D.S., M.S.D., Ph. D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to grow TiOz and doped - TiO2
films and investigate physical properties.

TiO2, TiO2:Ca and TiO2:P films were deposited on the glass
substrates by spray pyrolysis. Structural, morphological, stoichiometric,
and optical properties of TiOs TiO2:Ca and TiO2:P films have been
studied using XRD(X-ray diffractometry), SEM(scanning electron
microscope), EDS (energy dispersive X-ray spectroscopy), and UV-VIS
spectrophotometer. The TiOz films prepared with substrate tempera-
ture of 450 T and then post-annealed at the tepmerature of 600 T
in air for 2 hours were identified as tetragonal structure of TiO2
films with (101) preferred orientation. The crystal structure of
TiO2:Ca and TiOz2:P films were the same as that of TiO:2 film and
the crystallity of the samples increased with increasing the conce-
ntration of doped Ca and P.

The morphologies of TiOz films were not nearly changed and the
grain density of the samples increased with increasing annealing

temperature. The surface morphologies of grains in the TiO2:Ca and



TiO2:P films were changed round-shape for rod-shape increasing
with the concentration of doped Ca and P. The metal ion ratio of
TiOg, TiO2:Ca and TiOg2:P films were nearly accorded with those of
the spray solution in the error limit of EDS resolution.

The optical transmittance of TiOs TiO2:Ca and TiO2:P films were
70-90 % in the wavelength ranging from 320 nm to 820 nm. The
optical transmittance of TiOz:Ca and TiO2:P films were slightly
decreased with increasing with the concentration of Ca and P. The
optical absorption spectra obtained near the fundamental absorption
edges of TiO2:Ca and TiOz2:P films slightly shifted into longer
wavelength in VIS region with increasing the concentration of Ca
and P. The optical absorption spectra obtained near the funda-
mental absorption edge showed that these compounds had a direct
energy band gaps. The direct energy gaps of TiOz films (prepared at
450 C) and TiOg films at 293 K (prepared at 450C and post-
annealed at 600 C in the air for 2 hours) were 3.260 eV and 3.497
eV, respectively. The direct energy gaps of TiO2:Ca films increased
with up to the concentration of 6.25 wt% and then decreased. The
direct energy gaps of TiO2:P films were nearly constant in the range

of the concentration of P in the samples.
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Fig. 1. Schematic representation of the deposition processes initiated

with increasing substrate temperature.
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1

Pneumatic
transducer
3~6¢ !
0.1~0.4 ¢71
500 ~ 800 cm” h'
5~50 pum
40 mm
380 ~ 520 C

10 ~40 mm min

Piezoelectric
transducer
3~6 ¢mn !
0.1~0.4 ¢
30~60 cm” h
1~4 pm
3~5mm
380 ~ 520 C
10 ~40 mm min !

Parameter
Solution flow
Droplet radius
substrate

gaseous environment
through furnace

Flow of carrier gas
Distance nozzle to
Temperature of the
Speed of substrate

Table 1. Parameters of spray deposition

Solution concentration
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w2 Holg w] doju, FApHA] (photon energy) e FRESH= 2% 7o
(Fig. 3-a)9} 2= oYX (phonon energy) E,& 3 FHteles 1HAe
(Fig. 3-b)= FEHT}, o Fxb= Holof] HL3t AURE Aol T3 E=
< Hdololl a3t FEFe AR FFeh. kg oz vk A YAtk 3

A} A g Fetd oliA wW 14 E, Aboldle

(a) (b)

Fig. 3. Direct and indirect transition in semiconductor.

(a) direct transition (b) indirect transition
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2) TiOz, TiO2:Ca ¥ TiO2:P va-3 3

TFEEHORE TiO2, TiO2:Ca E TiO2:P vhE f217]1381ddl ZgA1H
3 titanyl acetly acetonate (TiCioH1405)E Al¢Fo2 AFE-3ted methanol
I olzAFFd 5 0.01 mole®] EF&HS AT &5 Al 71#3} EF
1 Abele] Al 25 em® A8 FAIAZA L, 713 &%e 450~ 5507T
gdellA 25TCH WSIAIZ|HA °F 2 mL/min® £5&2 #5889 71
Frel71d flo] EFe tF A2 delA WAAA Fe7ld flo FHE vt

o
=
2 ARAZAL U 44 wede thev gy P

ol

N

o

(¢

TiCyH ,Os + CH,OH
— Ti0, , (film) + 11C0O, 1 + 9H,0 1

TS TiO2:Ca 2 TiO2:P BHHI7EA| titanyl acetly acetonate (TiCioH140s),
methanol, calcium acetate, phosphorus atomic absorption standard
solution®] Al¢ke = AREEQITE TiOp ¥eha 378 Al ARESE 5-8Hof| calcium
acetate, phosphorus atomic absorption standard solution< 0-10 atomic
percentage (at%) = FH7iste] 799 fel7]dd]d #5738 & dA7H
T TiOz2:Ca B TiO2:P Hrte] ful7]s ffol A=At

|\

3

2. TiOs, TiOz:Ca @ TiOxP wuu} E4

1) d@ehe] AR 7=

TraEsiiez fe7ldgdd A4E TiO2, TiO2:Ca H TiO2:P B4te] 4
ATz}t ARPYTE 2AE] 918l Xoray diffractometer (XRD, PANalytical.
X'pert pro mpd, Netherlands)E& AH&SFATE ©] W XA CuKAd (A =
1.5418A) ©°lx, 7F& ALL 50 kv, zHHE AFE 50 mA, scanning
speed= 2°/min, S¥4%E W= 208 10°~70° 7k ¥} Al7|HA X-A
-FH Y A7IE 715t XA sl FH e A2ddA S & A5 g
X-A 31d7h 280 w2 W4 deF Miller A5 (hkl) 25 TiO2, TiO2:Ca
2 TiOz:P ufte] AAFFE F-3te] Nelson-Riley®] HA2E o833,
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2) SEM % EDSEH

TiOz, TiO2:Ca B TiOz:P ®f%e] A% 229 Ca¥t P e o
Pel= FARAED A (JEOL, JSM 840-A, Japan) o2 #aalsd
AA el F-2peba 7R 10 kv, A Bde] /S 0.01 A
5}"4 Azl FAVSHHA vt WS st A TiOg, TiO2:Ca
2 TiOz: P uhre] 38t 82 A= AYAEAE XA 2371 (Energy
o] g3t EFTAIEEA O K-line
(quartz), In L-line (InAs), Cu K-line (copper), Ca K-line (Wollas)<
3] TiOg2, TiO2:Ca E TiO2:P Hhere] 7+ f4oA W=y EDS ~¥E-
o=HH Cu, In, O, Cad 54 XA HAE glete] AlgE Fdsta 3

t 7 928 4F BAsg

il

Ll

Dispersive X-ray Spectroscopy : Oxford)

3. % Rahew FF5 54

ERAFHoZ A" TiOz, TiOz:Ca % TiOz:P ¥rite] Fg 2 T3}
54 %<& UV-VIS-NIR spectrophotometer(Hitachi, U-3051, Japan)
£ o]&3td 200 ~ 1200 nm FHelA S, F 5 LHEFH O ZHE
dhatol] JAgE B AlJR] (py)ol WHEste F FFAT (@) E SHSAT. BA

oL %] FEF TWZZ2REH (g- ny)?=0 Y S Id4HoZ TiO2, TiOs:

_12_



A s}

1. TiOy, TiO2:Ca % TiO,:P ulule] AA Lz

1) TiO; Htete] AR =

BrgRsyor §u]7]% o 4FAIZ TiO, Hhate] 4Aew Hsld] we
X-A AP E Fig. 59 2k Fig. 5olld (a)~(e)e 71#e] £x2 7b7)
450 C, 475 T, 500 C, 525 T, 550 ColA A3t Alme] X-A ﬂ@?ﬂo

_

O AAemsl 450 ColA 550 C7AE Agewe] BAge] ARs Hgd
542 Yeil lom 450 CollA A3 ARl Alme] 7% TiO: A%<
(101)Ho] A=A, TiO, vHe] A 2= tetragonal 725 HAT}

Fig. 6 & 450 ColA A% A2 Al&5 500 T~625 T HHAAAN 371 &
oAA 2417 Ft A7t TiO: W] X-A FdFHeolv. 600 TelA &4
glek Al A9 (101), (004), (200) Wo] A€ thax el vpto =
UEbsT

2) TiO2:Ca ¥ TiO2:P utute] AR 3=z
FaEsiyoez fe171 Yol AFAIZ TiO2:Ca E TiOg: P ¥ate] Caz}
Pol sx W3l wWE X-A IAFYE Fig. 7, 8% #r},

Fig. 7 oA (a)~g)e 71#e] €25 450 C2 I3 FAlst Ca9l
TEE 0~10 at% WsRA7IHA A3 ARE 371 F oA 2 AZHE<t 600
T2 FAE TiOz:Ca "] X-A 3@ FHo|th Ca®l F=7F 0 at%elA
10 at%7MA] ®igkste]l mebA Tioe Ak (101)He] A7I7F S7F9 3
TiO2:Ca tﬂ;ﬂl—g] 7ﬂ7<4/ﬂo] z‘ﬂ:/ﬂ-ﬁ_% OEL z,: 9\)\1;}

Fig. 8 oA (a)~(H+E 7I#e] 25& 450 C=2 <A HAsta Pe &
5 0~10 at% WSAI7IHA A Xc} AEE 7] FoA 2 AIRFEE 600 T
=2 AP TiOz:P ¥e] X-4 A oltt. P w&7F 0 at% 4 10
at% 74 W&kgtel] mebx TiO, AAke] (101)H e Aﬂ717} Z7FF AL TiOz:P
ghuto] A4 do] FFES & & U

HE

k9
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2. TiOz, TiO2:Ca ¥ TiO2:P utute] w3 ee} 3}3H%

4
FN
o

1) TiO; ¥ete] ERRes 5ea =4

REGRANoR f271% Ao AFA TiO, Hute] 44Lwd he W
B2 FARAAY AL ol ko] 150,000012 #2d AT Fig. 99 2k,

(a)= 71#e] 255 450 TR FABHA fFel7|a9d 434170 TiO: ¥4
EHARK O 24 TiOg Bro]l {2713 o B¢ Fu= xdsta ddstA A4

4S & o E=3 (b)E 450 TollA AN AIES 600TE 2 AIZH
Bt BT ANA EAEF TiO, Bhike] EHFEZ TiO, 9

< A9 WgskAl gda 2] wErt S-S € < vk TiOg Bh
o] AJA Z71= Hit 40-50 nm

Z1#e] £2F 450TC= €A A o}fﬂ/ﬂ $A1Z TiOz ¥ 600 C
of| A 2A17¢ et dAEle TiO, ¥ihe] EDS 2~fEHL Fig. 10 ¥ 2o &
FAEEA 2A2(0)e] K-line (quartz), Ti & AFESe] TiO, BHate] 7; 4o
1 BEEe 54 XA 39 HAs gilsle AlRE AR e 24 das
A B8k, Tizk O B2 o]l Si, Na, Ca 59 557} #== A

_1&, O_u

2) TiO2:Ca 2 TiO2:P u=te] FHFE 9} 383 =4
wrEEHe R fre|7ld fd AT TiO2:Ca WHHe] Ca sE=H3t
g FHIHE FARAAR A S o]&3te] 100,000M 2 #2g AF= Fig.
It} (a) & Ca 55 0 at% = st 7|1#/e] &5 450 T2 #A4
7139l oll FAIZ] TiO2:Ca B2 600 CT= 2 AZF &< 7] 5
|59 FHARIORE TiOz:Ca AR UAE 712 flo B
t #datA e €+ Utk (b)~(e)= Ca ¥EE 2.5at%,
at%, 7.5 at%, 10 at% 27t ETEZ Hriste] 43171 TiO,: Ca ¥hite]
FHEA Ca =7} S7H wet 2989 Bl 52 defolA 2
shab AR dAte] HWxrt oz SU1EE & 4 Tk TiOg:Ca 4
A2 3271 H 25 ~ 50 nm T}
21719 Qe AR TiOz: P dhate] P w=wRistel] up2
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2t (a) E P 52 1 at% ETEZ Hubel 71He 52 450 T2 &
APaA FEl7l B AAAIZ] TiO: P 84S 600CE 2 A|ZF B¢k 37 =
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Fig. 5. X-ray diffraction patterns Fig. 6. X-ray diffraction patterns

of TiOs films deposited at of post-annealed TiO: films
different substrate temperature. in the air for 2 hours.
Fig. 7. X-ray diffraction Fig. 8 . X-ray diffraction
patterns of TiO2:Ca films. patterns of TiO2:P films.
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S-1 15.0kV 5.8mm x150k SE(M) 300nm S-2 2.0kV 15.1mm x100k SE(M) 500nm

(a) (b)

4@}"‘

Fig. 9. Surface morphologies of TiOs films deposited at substrate
temperature of 450 C (a) and post-annealed at 600 C (b).

Fig. 10. EDS spectra of TiO: films deposited at substrate tempera-
ture of 450 T and post — annealed at 600 TC.
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.
3 L

2
l C-2 15.0kV 7.9mm x100k SE(M)

500nm

(e) 10 at% of Ca concentration

Fig. 11. Surface morphologies of TiO2:Ca films deposited at substrate
temperature of 450 C and post—-annealed at 600 TC.
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.27 ' o '
v * ‘;z}_v%ﬁ

P-4 15.0kV 8.2mm x100k SE(M)

P-5 15.0kV 8.0mm x100k SE(M)

(e) 9 at% of P concentration

Fig. 12. Surface morphologies of TiOs:P films deposited at substrate
temperature of 450 C and post—annealed at 600 TC.



Fig. 13. EDS spectra of TiOs:Ca Fig. 14. EDS spectra of TiO2:P

films deposited at substrate films deposited at substrate
temperature of 450 T and temperature of 450 C and
post —annealed at 600 C. post-annealed at 600 C.

TiO, Films

Prepared at 450°C
Annealed at 600°C for 2hrs

TiO2 Films

: Prepared at 450°C

293 K

« OPTICAL ABSORPTION (Arb. Units)
OPTICAL ABSORPTION (Arb. Units)

20 420 520 620 20 420 520 620
WAVELENGTH (nm) WAVELENGTH (nm)

Fig. 15. Optical absorption Fig. 16. Optical absorption spectrum
spectrum of TiO: films of TiO: films at 293K (as
at 293K (as grown at 450 C). grown at 450 T, post-

annealed at 600 T for 2
hours).
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TiO, Films TiO, Films
Prepared at 450°C Prepared at 450°C
Annealed at 600°C for 2hrs
@ m
5 £
o A
2 g
i{ E,,=3.260 eV 3 E,,=3.497 eV
293 K 293 K
TSR T TR e (R0 ARG o YRR Y| PR Tl PR T W e e,
2.0 25 3.0 35 4.0 2.0 25 3.0 3.5 4.0
PHOTON ENERGY (eV) PHOTON ENERGY (eV)

Fig. 17. Plot of (a-hv)? the inci-  Fig. 18. Plot of (a-hv)? the inci-
dent photon energy hv in dent photon energy hv in
TiOz films at 293 K (as grown TiO: films at 293 K (as grown
at 450 C). at 450 C, post — Annealed at

600 C for 2 hours).

Fig. 19. Optical transmission spec- Fig. 20. Optical transmission spec-
trum of TiO»:Ca films at 300 K. trum of TiO2:P films at 300 K.
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Fig. 21. Plot of (a- hv)? the inci- Fig. 22. Variation of optical energy
dent photon energy hv in TiO- gap of TiOs:Ca films films with
:Ca films at 293 K. Ca concentration.

. 2 ..
Fig. 23. Plot of (a-hv) th? ICI™ " Rig 24. Variation of optical energy
dent photon energy hv in TiOp gap of TiOx:P films with P

P films (1 wt%) at 293 K. concentration.
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o F2 TiO2 Y F43L Yehdct. 7129 spectroscope 7ol <

PH 1.8~17nme& FAE O]Uﬂ TopScan 3D measuring systeme©l|A+=
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T uf < TiO2 °]™ anatase, rutile,
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o4 B dApdde X-A AR E Ba) vt AP FEES EMEIT Fig.
6 °lAl 450 TelA /ﬁ% A AlEE 500 T~625 T WA F7] FelA
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