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Abstract: In the help of coatings optimization design using TFCcal program, wide spectrum antireflective SiO,/
Ti0,/Si0,-TiO, multilayer films with thickness precisely controlled were prepared on low iron glass using sol gel
process and Czochralski method. The thickness of above layers were separately set as 80.9 nm (Si0,-TiO,, inner lay-
er), 125.0 nm (TiO,, inter-layer) and 95.5 nm (SiO,, outer layer) according to the results of calculation. A high
transmission and highly hydrophobic film was prepared by Czochralski method combined with methyl triethoxysilane
(MTES) SiO, modified base-catalyzed sol. The average optical transmittance could reach 97.03% in the wavelength
range of 400-700 nm. After annealing treatment, the surface water contact angles were almost around 131.5°. Fur-
thermore, the optical transmittance only reduced 0.143% after aging for two months, showing that the prepared
Si0,/Ti0,/S10,-Ti0, multilayer antireflective films had excellent hydrophobic and environment resistant properties.
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Table 1 Calculated parameters of optimized multilayer
antireflective film

Refractive index Layer thickness / nm
Glass 1.52 -
Si0,-TiO, 1.71 80.5
TiO, 2.20 125.0

Si0, 1.44 95.5
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Fig. 1 Calculated reflectivity curve of triple-layer antireflec-
tive film
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Fig. 2 Effect of TiO, content on the refractive index of
TiO,-Si0, film
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Fig. 3 Transmittance of triple-layer antireflective film with
TiO, layer prepared at different pulling rates

(a) 380 mm/min; (b) 400 mm/min; (c) 420 mm/min; (d) 440 mm/min;
(e) 460 mm/min; (f) 480 mm/min
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Fig. 4 Transmittances of triple-layer antireflective films with
SiO, layer prepared at different pulling rates

(a) 380 mm/min; (b) 400 mm/min; (c) 420 mm/min; (d) 440 mm/min;
(e) 460 mm/min; (f) 480 mm/min
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Table 2 Calculated and experimental parameters of
SiO,/TiO,/ SiO,-TiO, triple-layer antireflective film
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Fig. 5 Transmittance curve of triple-layer antireflective film
with optimized process parameters



54

R AR, &5 Wi KT FA4E A Si0,/TiO,/ Si05-TiO, AP HE B it i 38 3% 15 (1) 1) 45 M2 P BEBIT 5% 369

Si0,/Ti0,/Si0,-TiO,

SEM HV: 10.0 kV WD: 5.00 mm (] {1l
SEM MAG: 100 kx Det: InBeam 500 nm
View fleld: 217 pm Date{m/dly): 07/23/14

6 SiOy/TiO,/Si0,-TiO, £ 2K SEM Hi v
Fig. 6 Sectional image of SiO,/TiO,/Si0,-TiO, multiplayer
antireflective film
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Fig. 7 Surface water contact angles of SiO, films prepared
with different MTES doping ratios
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Fig. 8 Infrared spectra of SiO, films prepared with different
MTES doping ratios
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Fig. 9 Transmittances of low-ion glass and triple-layer antire-
flective films after environment resistant test

a;) glass, a,) glass without cleaning, a;) glass after cleaning, b;) tri-
ple-layer film, b,) triple-layer film without cleaning, bs) triple-layer
film after cleaning
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