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Refractive Index of Double-layer TiO,-SiO,/SIO, Composite Thin Films
Prepared via Sol-Gel Method

MA Liyun, JIN Liangmao, TANG Yongkang, BAO Tian, SU Wenjing, GAN Zhiping, LI Gang
(State Key Laboratory of Advanced Technology for Float Glass, Bengbu Design & Research Institute for Glass Industry,
Bengbu 233000, Anhui, China)

Abstract: Double-layer TiO,-Si0,/SiO, composite anti-reflective thin films with W transmittance line type were prepared by a
sol-gel method, and the refractive index of TiO, and composite TiO,—SiO, thin films was regulated. The preparation condition on the
TiO, thin film refractive index was investigated. The phase, film components, refractive index and transmittance of the films were
characterized by field emission scanning electron microscopy, energy disperse spectroscopy, ellipsometry and
ultraviolet—visible—infrared spectrophotometry, respectively. The transmittance line type of double-layer composite films was
simulated by a software named TFcal. The results show that the pH value of sol system is more crucial to the refractive index of TiO,
thin films, and the refractive index decreases when the pH value increases, compared to the ratio of H,O/Ti. Meanwhile, the pH value
derived hydrolysis rate has an effect on the refractive index of the final film. The composite TiO,-SiO, films used as the bottom layer
of the films system are obtained when the mixture mole ratio of Ti/Si is 1.2:1.0 and the refractive index is 1.68. The double-layer
Ti0,-Si0,/Si0, composite thin films obtained have an antireflection effect in the wide optical wavelength range of 380—1 100 nm,
and the maximum transmittance can reach to 97%.

Keywords: anti-reflective films; refractive index; optical transmittance; W transmittance line type

K BHREXU AL A 75 R IDL B R F ORI = N EE AR, T AN BE AT WO X A& L
WA RRCE, HETRBCER A A Si0, MR BEEME (ER B E S T WOGIX, S v e

WA E #: 2019-07-01 . BT HM: 2019-11-05. Received date: 2019-07-01.  Revised date: 2019-11-05.

LT AR ERET(17030901085); 28 B ARSI A First author: MA Liyun (1964-), male, Professor.
1+%1/(1804a09020061). E-mail: 1101554194@qq.com

B B n(1964—), Y, #RAET. Correspondent author: TANG Yongkang (1990-), male, Engineer.

BEEHE: BAE(0990—), %, T, E-mail: ykantang@163.com



2 48 B 4 W LT 7w 5 TiO,-Si04/Si0, XWZE 5 A k] & S i 3 i 2 o 471

A, RTAAFERR RIS A IR . A T IR BOGTE ) BE i
BRI A0« 386 0 F b el o Y R L T — 2P
RFFHRMR, WEZEE W BRI RE L2
WL ST RUZ kR 5 E iR, =% R 2 A
H(1):

R=(no—n1"ng/my")(no+n’nyny’) (1)
Hr: ngs nys my ng RIRRTSITH R LB
ot R, TEBETH R, SRR R, HEAd
IR B W IERE, TR %A no<ny <np, TEHE
A MRB RS NE, BAR)ITH, R
AR T RNEFA, AR Q)FTR:

no—nlzns/nzziO 2)
X TR ek Jsz 2 A B o Fe R E ARV i S 2
PRAE—ANBUR T R no<ny <ny WI26AF, I
UAE I 22 3 2 75 A — 5 PR P AT A 281 ) S R
TRYTIMER . JET UL EWI A, WAL 22508 H R
PR PR A 2 1) 4% 1 Si0, AR A )2, B TR AA
RIEA AR RT IR IR RS, BEE
BN, METWMENSOIRES, LB RE ST
PR st >, R B A, T AR A
1 R 2R B AR & TR Sio,
55, PTHTRZHN 1.40, B ni=1.40, [FIRBEIEIEEHT
WE n=152, RAARQ), B2 n,=1.72, @I L
WAL, A SUZRRIE R BN FET R
1.40 FIR RS2 1.72 FHEILERE N EIE. BRIX
IR GRS R AN 1.72 8RR, Xt
T B AT S SR SR T R A R
NRIBE S MRZ AU, GeKBoRiA RIS . Tia
24 Mizoshita ZCHEE Hl 4 45 0B £l Si0, R T
& ZZ SiOy KT RERAFHARYT F R R, B
AN A B R IE AR . Cook 25101 ot R4 bk
PRI T SRIRAFI AR FLIR ) SiO, AT 1A 217 4T
SRR IR S P BE R . Ha 0 Joo 2511
Ik TR A D IURE (1) R B FE i 4 R B ) FLIR R
WIS AT, RIS TEE . Louis
SO T I8 TI0,-Si0, MRHEAFR A L 1
WL R, TRAE Y& TIUE TiOySIO; Il
S, ST 400~800nm P ELIIBRUR . Li %5
IR Si0,-TiO, H AR L. GaAs.
HRARAR T (CIGS ) S5 AN [ 28 0 A BH g F it o1,
Lin%§fil % 1 SiOp-TiO, 2 JZ kS, AHLLTHZ2
BUZ RIS T BB e g RO LR
SCHER[4-18]TE AN IT 1 HZ 2 )2 H G IR I & 1)
Vvt 551l B & P ST S e (45 7 vk, A 5 2

FELLZILPUE N T, HEPE SiO-TiO, I KR
DAFETF R PH B8 R ASoR o 3, T TR AR vk TR
A TiO,-Si0, M2H 43 547 S 2% 2 18] 1 1 48
KA TR, RIS R IR K RS R
JR 2 185 R LR ORI = oA TAR B e R T
AR & AT TiO, VRTS8 1
TR B T DA 7K A T T 1 T PR L B O
R JEEMLEEAL . BRI TS TR AR
ZYTH R TiO-SiO TR & H 0 A, KR T
ARG T R, A E WA
SRR R UCHE 2614, 15 BIH iR & ehl SRz
[N R OG , Ham 28 #% 17 ai i) sa vk B 383
RRAR K TiO,-Si0,/Si0, H & fik .

11 TiO, 5 SO, akHI&

TiO, ¥ HI4%: 300.0 mL ZE% 5 10.6 mL Z.Fk
PRV A B HE 30 min, JIAEKER VY T FE(C16H3604Ti)
35.0 mL, $i#F 30 min JEIIANEE L E TR, BIK
HCl {755 % pH fH, JEMA 10 mL N,N-—FJ3LH
Tk, 4K8:95HE 3 h, BRI 24 h BPERTSEE 1 TiO,
PEEVA L - LT SRR VU T Be I i i & bR 50:1,
ERIRVU T IR S CBER BRI st 101, X E 1
IK SRR T TG 154 5 1 & L [n(H,0):n(C 1 6H3604Ti)]
2:15 41, 6:1. 9:1 43S, pH AE 5 mECHIA
1.2, 2.3\ 3.4, 4.6, K& TiO, ikEZ)°N 0.29 mol/L.

SiO, Va4 300.0 mL 2.1 5 45.9 mL IF
MR IR A9 HE 30 min, SO 14.8 mL £ &1
KJG LAk HCL TR & pH (£ 418 2.0, 4k8:4i
FE3h GBI 24 0, BIMSRIATRRE SIO, B . &
g SERIR DY T BRI s be o 2501, BTk
IERERR Z BRI R IS LE R 4:1, 1R R Si0, IREA
0.19 mol/L.

1.2 EiRHIE

KRBT N, Wi el i B s 2k Fy 8] e
TREMZE, DATRIG % E I 60 mm/min [38 ZOK A
BN, bR EER ARG 40 s, A5 A
60 mm/min (1) 38 % K B T I MBI S VR 2% 2% i
H, PATE B RS R A . KR YRR E T 50 C
MEAARRLT, JEE T SR T b B, Hb B
TEEE N 500 °C, WA 60 min. A R ) 45 A TE
1 R SR T 350 ‘C T4, & 10 min,
IO FRRCHET 26 2 ImPehr, Frprf IEE TR e e
FTF 500 C #4460 min.



. 472 . CRERR Eh2230)

J Chin Ceram Soc, 2020, 48(4): 470476

1.3 ERRFRIE

KH TFeal BB S G B 7 0 2 i 26 .
FAMARAX(SENTECH SENpro %) Jb) &l i i i 5 52
KA ST . R B BB (SEM, Novanano
SEM450 TN 8% 8 IR SR T - DB T RS 35 R A DU 2
MR . RHABEE{(EDS, Oxford X-max %)
Xof VR ZH A AT IR A0 AT o SR FH SR AT W21 40y
IR T (Hitachi U-4100 B2 I3 3 IR 2238 o %

2 EREH®

21 pH EREEFKSHKERTEENRMEEEXT
TiO, BRSNS

FHBARAEE T Tauc-Lorentz B S AN /] 25 55 1
K5 ERER T 8 14 5 (1) 12 LE [n(H20):n(C16H3604Ti)]
JANTR] pH B s B ] 2% 0 S RSAE o 23 2B A7 47 5
REGEERIE M, B 1N pHAEN 3.4 I, K
PR S0 A 2. B 1 AT L, F0 A5k h 2
FEAW S, HAKA R, SAMmIE TS
ZERINKE 2 Fion. 4T Tauc-Lorentz # T [15511&
IEVEAEL I AAS 21 ()46 245 Psi 55 Delta(Psi 5 Delta
43 A I B 2 T s i S S 6 5 IR N SR 6
PRlE LE AR, 22, R dRIE L R e s fr &, AN 22
DAY BE N AT ) i) REAFAE 2 e, DA T2 T 15 2
M S R R T R EEA R A S, T
TR A 2 R AT 3 — D HE R SEM 52T
BRI TH 753 Z80A 6 1) eSS FE M, SR I AL 1)
JEREHEAT X, FHE 2 ST, AR S
SEM Wil 25 5 JE R 1L -F-— 20, (5 75 2248 I & SEM
LI 25 AT B (1) 2 R (P I8 0 H oL e 1 e

15 Fitting line

Testing line

450 500 550 600 650 700
Wavelength/nm

300 |

Testing line —{[~ Fitting line

Delta/rad
_
[e]
(=]

1 1 I e s
450 500 550 600 650 700
Wavelength/nm
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