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o, ERR T L AN THEE T 230 TiO, # 8L, 5@ MR AL, 4 8 ki F & b T & AU
K FMRR AT T RAEFe AT, BER T RATEL L B BRR E B ILA R T =8 ( polyethylene glycol,
PEG) AmEH T H A4 5L TiO, FEHHFF LRE EHEARELBH NG H A, FRL
#E B & %30 TiO, eyt T ¥ A, 2R & W, £ 300 nm~700 nm St %8 B A, KA sk
TE L HEE (20%) F BT ARFAKTELI1:10: 869k dl, BE% P PEG A& 4 0.03gml’,
AL 2 KB, TTH TiO, BB A 4 R A 14960 (25K 550nm) 5 B EILR HHF 434 4, LR
F g 48.3%; A F W ML A 3.77 eV,
X435, 530 TiO, B ISR -# ik M4 5 JUIR S B 4T 5 R W
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Effects of different preparation parameters on optical
properties of porous TiO, thin films
HE Wenfan, XU Junqi, LI Yang

(Shaanxi Province Thin Film Technology and Optical Test Open Key Laboratory,
Xi'an Technological University, Xi'an 710021, China)

Abstract: The preparation process of porous thin films is an important part of their optical properties. The
porous TiO, films were prepared by sol-gel method and quartz glass substrate under different process cond-
itions, the optical properties of the films were characterized and analyzed by ellipsometer, spectrophotometer
and white light interferometer, and the effects of raw material ratio, hydrochloric acid concentration, the
addition of porous agent (polyethylene glycol, PEG) and other process parameters on the refractive index,
porosity, transmittance and surface morphology of porous TiO, films were studied. Finally, the optimal process
parameters for the preparation of porous TiO, films were determined. The results show that in the spectral
range of 300 nm~700 nm, the refractive index of TiO, film can be reduced to 1.496 0 (wavelength 550 nm)
when butyl titanate, hydrochloric acid (20%), deionized water and absolute ethanol are used in the ratio of
3:1:10: 8, the amount of PEG in the solution is 0.03 g-ml™, and the film is coated twice. The pores of the
film layer are evenly distributed, and the porosity is 48.3%. The optical bandgap value of the thin film is 3.77 eV.

Key words: porous TiO, thin film; sol-gel method; refractive index; porosity; transmittance; optical bandgap
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Al ALY AR, R AN AR AR DA B S
(R BRI 2= Rk, (S FEAE S AR D e e 4 )
MBE SRR B UM R ST A )2
N o Y TiO, 1 R M A LB, — M ke 1 5
A BT B R L H B PR AL B R A
S ST T 47 B 23 0 AR e R 2 4 v, AT AR AT AR
LA, | TiOo, BITF 2 N AR S5 e IcA ¢,
PRI, 7 20 FH A0 oK 2 FL IR R 1 DR L e i AR,

[ A A AR Z B il % 22 £L TiO, R 1Y 77 12,
MBS T4 RO AR DT R L A2 ik
S5 o Forb VRORH B A U RS- IR VA T R
S E A KR AR A SO OB — i
A HE B W S L F T AREE R TR LAk A A TR
25 AR B AR AR L OISR f ik e
DURRLAFEN S R U, 25 b 7 T 2% (0 B2 )22 M g
FEAERR K 22 5, BV R FH W] —Fh 7 vk, FEAS TR A9 T
CEHF, Ha 2t A RME . BRid
AFFRZAL TIO, T TAHDCHISE . AZPIROZ
ROGF U SR FH B 458 D6 59 35, 38 2k A4 AR B i S
B R T 2 4L Tio, MM, S5E T AN T
MBI FARE IR . BT AR S TR
] VU S B IE S . ROY S %1k
FHR BRI AR E LR B T 2 4L Tio, i,
PRIE T WS IS [ e o 2548 S 1) 751) F127 X RSO 35
FHL 22 R PE A B0 . LANDOLSI Z %1 FI I R 2
¥ (polyethylene glycol, PEG ) il 1 ¥ Jit - 858 i 1 il
Uil 25 1 2 4L TiO, WiEE, T X5 Fe,05 44 K WUk &
M (1) Z2 1L TiO, MR Y L 2 FOG A AL M e R AT T 0F
%% . VERNARDOU D 55" FI| /K G ek il & 1
Z AL TiO, WA, JFURER FHEK R DU 5 P R . 5 74 I
LB F K, R8T DR [R]85 i, X
B AU SR FH A R - JES 15 i 4% T 2 4L TiO, Wi
16 i 11 B LA, R OE T bR 4 L R & Y
B ORI R TS5 . Bl AR SR A
Wi R AR, TEAN R I 4500 T il 4 T 241 Tio,
IR, HROT T BH A SR AR I A A A5 . EARF
SEPU R S -, ABEIEAE R R & T 2
FL TiO, WEREE, R 7T T V5 I 1A Rl B2 ARAR: S P X TR
PERERY S o K =2 S50 I I I - e 1k il 4% T 48
BRAK Z 1L TIO, TR, AFIT T 9 1 1) 2 1T I 4
AR ZE Y, AR T G AP BB B A 145 2 i AR
SO EE o AR BE 1 SCER BT REEF, R UL B X 2
FL TiO, W B2 Rtk AT R G 5T, DL RO il 4%

T ES WA AR HGE o 1w T 2R R E
o R Y SC AT LI IR B 3 S SR AN O &
BT RS R 5

BT LR IR, AR SCR AT R -BE A w7
Z AL TiO, WHR o % -5 JE K I K B T K iR 1 4%
bt < Ja W o (CHLAL =7 3h 5 b SR ), 123
RN e A2 K S, PR A A R, (B TR N
75 W T 1A 2210, A IR AR ol 8 T T
ATt o b 5y 4 S I P RS0 ST URC
bt EhERVE B . BFL I PEG B i 45 T2 2 50t
Z AL R FLBR L BATR AL B i
SR, fJn DIER ) 4 T 250t APERER SC R, -1
5E il & 2 AL Tio, WAL T 228

1 X

ARSI PRER R T HE . FhAR (IR BT & 43 50k
15%/L F1 20%/L) . 2% B T 7K FIC K £ BEAE R SR AE
B, PEG(1 000) 3 L5 (PEG J& —F = 43+ U8 fin
R, & be IR o KBk, HEE R T B R 2/
FLA ) ke il 25 AR

ARSI mEmME LR, RHaNBTS%
SCHR [25], 43 R FHERER Tl . 38R (15%) . K&
FIKMTCK ZEELL 3 229« 8L, Bk R T Mg .
R (20%) . KB FARKMEKOEEL 3:1:
10 = 8 (W LB IV W o 158, 1] 2 AT 1 Bedf
HBIA 2B K, — IR R (15%) T8 R G )
Ay —IMAFRER (20%) I8 BIR AW Ay SR 5 F Bk
i T Fe A JC K & BEAE 5 — AR 8 R & i)
B. JHSFER ol R G AL A, TREIR A
B R E MR E I ABR AW A A, P, TEE
R L h S, B GE A . IR, AR
WIS A& 2 PEG, 76 %= i T B 1 h, J/15E&
VS, FH DR S B 10, k7 B ot A S ]
Je K 85 B T 3 3 E VR TR TR R . 4R Ao T Ak B
{140 A & B 38 L ] G E KW-4A 21IEHL b, 3 5E ik
WK 500 r-min !, BEFEIE] N 7 s; 2534 3000 r-min
JiE 5% BF 6] 2 15 s SR FH 200 B2 VR A R U I B 0.5 ml
VST AE A BB 3 R b, SRR R sh AL, (L
ARSI B — 2 R B A R, 4
ok, B LB TR PR BRSO 100 C, T
15 min J5 FAKSEIETR T — 2, 0008 G52 AR 21
S0 Bea, B B A SR D, R E
T LA 2 °CominT! 1Y B EE TR 2 500 C, 2R L
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Fig. 1 Block diagram of basic process flow of preparation of

porous TiO, thin films by sol-gel method
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BERE S, JFURHEC HL AN PEG BN AN 1 i . AR
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CEELL3 1209 8 (LM, Ff>R FHRIA] PEG(1000)
TN A A v RREAE L TR B 2 9K BE L S5~
S8 JEEAMR T M. EhR (20%) . 2B T /K ALK 25
L3110 8 A, FEA TR PEG(1000) %8 il
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Table 1 Preparation parameters of experimental samples

s JFURHAC L PEG(1000)7¥in#/(g-ml™)

S1 3:2(15%HCL) : 9 : 8 0

S2 3:2(15%HCL) : 9 : 8 0.02
S3 3:2(15%HCL) : 9: 8 0.03
S4 3:2(15%HCL) : 9 : 8 0.04
S5  3:1(20%HCL) : 10 : 8 0

S6  3:1(20%HCL) : 10 : 8 0.02
S7  3:1(20%HCL) : 10 : 8 0.03
S8  3:1(20%HCL) : 10 : 8 0.04
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A 5t AT ) (effective medium approximation, EMA)
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Fig. 2 Dispersion curves of refractive index and extinction
coefficient of porous TiO, thin films prepared under

different raw material ratios
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Priof KBl & PEG S in ik 10 358 i i 228 85 5 IG5 i %
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FTCAK ZEELL 3 12 19 ¢ 8 (1 L5 ] 45 14 i e, L
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TiO, i MEHT 5 R A I 42

M 2(b)  2(d) ] LA Y, 7645 1 8 Filivil
JRRE S, TCIE 2 A PEG, 1 4R HA 4/
HERE, I HAET WOEERNE T 0. T4 K
1478 D't 22 B8 AT T i e R g i R Y, b mg
A PEG J&, JLF- A& X Z2 4L TiO, T8 i e i ™=
LAl

J T AEF 5347, K 8 Pl AR S i A B R R
JE DL R ALBR Ay 826 ok, ange 2 iR . AR
B, TN PEG J& A v REARE i, LA B 3, A I
R G REA

R HEHRNTHE EEURILRE

Table 2 Refractive index, thickness and porosity of thin film

samples
BEAS  FERGEKS500m)  JBEmm  FLEER%
S1 1.7207 127.6 —
S2 1.4278 441.2 50.2
S3 1.5191 79.0 41.2
S4 1.5833 40.6 34.7
S5 1.8783 71.9 —
S6 1.5454 141.5 42.4
S7 1.4960 83.9 48.3
S8 1.4438 291.0 51.3

2 h A S5~S8 SHEKTR T g . $h1R(20%)
EBET/KFICKZEELL3 = 1210 = 8 (B &1
W, Bl PEG WS It (9 38 m, JFLAL B % 34 7 3
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P 559 20T LL3E o 98 50 AL B Rk A i AT 3, X S
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Fig. 3 Transmission spectrum of porous TiO, thin films
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Fig. 4 Optical bandgap of porous TiO, thin films
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Fig. 5 Effect of PEG addition on optical bandgap
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Fig. 6 Porous TiO, thin films prepared with different PEG
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