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Abstract 
 

Background/Objectives: The next generation car such as self-driving car, and electrical vehicle is a hot issue of the automobile industry, 

which has the infotainment system with the multi-touch screen panel.  

Methods/Statistical analysis: The reflection of light from the surface of touch-panel display hinders the clean image acquisition of the 

display of infotainment system. In this research, anti-glare coating was fabricated by slot die method with the synthesized sols using the 

TEOS and functional binder on cleaned slide glass. The morphology and surface roughnesswere characterized by FE-SEM, and AFM. 

The optical properties of anti-glare coating were analyzed by UV-visible spectrophotometer and haze meter.  

Findings: The average transmittance of anti-glare coating glasses exhibits 88.5% - 90.5% in the visible light range of 400 nm to 800 nm 

wavelength. The haze value of the anti-glare coating has 7.1% - 36.6% to various coating conditions. The haze values of anti-glare coat-

ing were mainly affected by coated sol conditions rather than the coating conditions. The coating conditions of slot die method such as 

gap distance, and discharge rate of nozzle not affect the quality of anti-glare coating. The haze of anti-glare coating was affected by par-

ticle density, and particle size. The anti-glare coating of dense particle distribution and large particle exhibit large haze value about 

37%.The best performance of anti-glare coatingwas 7.1% haze, 90.5% average transmittance, and 11 nm average surface roughness, 

which was coated with the solution #2 sol. The reflectance of anti-glare coating was not affected by change of haze values. But the 

transmittance of anti-glare coating was affected by haze.  

Improvements/Applications: The anti-glare coating glass can be applied to various applications such as protective glass of crystalline Si 

photovoltaic cells, window of skyscraper, and roof of airport buildings. 
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1. Introduction 

The next generation car such as self-driving car, connected car, 

smart car, and electrical vehicle is a hot issue of the automobile 

industry, which has the infotainment (information + entertain-

ment) system with the multi-touch screen panel. The reflection of 

light from the surface of touch panel hinders the clean image ac-

quisition of the display of infotainment system as shown in Figure 

1. The reduce of reflected light is possible using a various tech-

niques including anti-glare (AG) coating, and anti-reflective (AR) 

coating. The perfect AR effect can be accomplished by moth-eye 

structures [1]. The natural AR structure is found in moth-eye 

which has periodic nanostructures. The biomimetic AR structures 

were fabricated using a various techniques including colloidal 

lithography [2], Ag deposition and reactive ion etching (RIE) [3], 

chemical anisotropic etching4, multistep anodization and etching 

process5, hot-embossing method6.But the fabrication of the moth-

eye AR structure has drawbacks such as patterning area limit, 

complex fabrication process, expensive equipment, materials limit 

etc. The AR coating is commonly realized using a multi-layer thin 

film coating with vacuum evaporation and sputtering [7], [8]. 

Recently, various researches for large area facile AR coating tech-

niques were reported using a sol-gel process [9-15].  

 
 

 
Fig. 1: Digital Photographs Ofcar Infotainment Display. The Reflected 

Image on Display Surface Hinders Getting the Clear Screen Image. 

http://creativecommons.org/licenses/by/3.0/
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The AG coating is a cheaper mass productive technique than the 

AR coating. The AG coating has the uneven surface which scatter 

incident light in random direction16 as shown in Figure 2. The 

etching technology based Anti-Glare (AG) coating, using the HF 

solution, exhibits a good performance but induces the environ-

mental problems. In this research, the AG coating with high 

scratch-resistance function was fabricated on slide glass substrates 

by slot die method using a sol solutions which were synthesized 

sol-gel process. Optical properties such as haze, reflectance, and 

transmittance were analyzed by UV-visible spectrophotometer, 

and haze meter. The morphology and surface roughness of the AG 

coating were characterized by FE-SEM, and AFM. 

 

 
Fig. 2: Schematic Diagram of Anti-Glare Coating on Glass Surface. 

2. Experimental details 

The AG coating films are fabricated commonly with the UV cura-

ble binder resin and various fillers including PMMA (polymethyl 

methacrylate), PS (polystyrene), PE (polyethylene), PP (polypro-

pylene), PU (polyurethane), metal oxide, inorganic and silica na-

noparticles on polymer substrate by roll-to-roll process using a 

micro-gravure, slot die coating method. But the introduce of filler 

is induced the reducing of hardness of AG coating film. The AG 

coating of infotainment system require high scratch-resistance. 

Here, filler free and high scratch-resistance AG coating is reported 

using a sol-gel process and slot die coating method on slide glass 

substrate.  

The AG solsolutions were synthesized with the mixture of func-

tional haze binder and base binder. The functional haze binder was 

synthesized with the mixture of 3-(Trimethoxysilyl) propyl Meth-

acrylate (Sigma Aldrich, 98%), Trimethoxymethylsilane(Sigma 

Aldrich, 98%), and Tetraethyl Orthosilicate(Sigma Aldrich, 98%). 

The mixing ratio of functional haze binder was the weight percent 

of 90% ~ 50%, 50% ~ 20%, and 20% ~ 10%, respectively. The 

ammonia solution was dropped to the mixture of haze binder for 

the adjusting pH. The sol-gel process was proceeded to adding the 

distilled water. The mixture of functional haze binder was stirred 

at 50 ~ 60 oC for 3 ~ 5 hours, and aging for 24 hours. The base 

binder was synthesized with the TEOS (Tetraethyl Orthosilicate, 

Sigma Aldrich, 98%), and (3-Glycidyloxypropyl)trimethoxysilane 

(Sigma Aldrich, 98%). The mixing ratio was the weight percent of 

90% ~ 70%, and 30% ~ 10%. The nitric acid solution was dropped 

to the mixture of base binder for the adjusting pH. The sol-gel 

process was proceeded to adding the distilled water. The mixture 

of base binder was stirred at 30 ~ 40 oC for 3 hours. The final sol 

solutions were mixed the haze binder and base binder of 90:10 

weight ratio for 2 hours at room temperature.  

The final coating sol solutions were diluted with the isopropyl 

alcohol, and ethanol to final sol solutions for adjusting 5.5% solid 

content. The AG coating was coated by slot die method on cleaned 

slide glass substrate. The coating conditions were gap distance of 

50 m, 300 m, and 500 m, and discharge rate of nozzle of 5 

ml/min, 7 ml/min, 11 ml/min, respectively. The optical properties 

such as haze, and transmittance were characterized by haze meter 

(Nippon Denshoku, NDH), and UV-visible spectrophotometer 

(Scinco, Mega-800).  

3. Results and discussion 

The surface morphology of the AG coating was investigated by 

FE-SEM as shown in Figure 3. The coating conditions of slot die 

method such as gap distance, and discharge rate of nozzle not 

affect the quality of AG coating. It means that the surface mor-

phology of AG coating with 50 m gap distance and 5 ml/min 

discharge rate of nozzle is equal to one of AG coating with 500 

m gap distance and 7 ml/min discharge rate of nozzle or 300 m 

gap distance and 11ml/min discharge rate of nozzle. The haze 

values of AG coating were mainly affected by coated sol condi-

tions rather than the coating conditions. The haze of AG coating 

was affected by particle density and particle size. The haze of sol 

solution #3 was 36.6% correspond to Figure 3 (c) which exhibited 

medium particle size, and dense particle distribution. The haze of 

sol solution #2 was 7.1% correspond to Figure 3 (b) which exhib-

ited fine particle size and uniform particle distribution. The haze 

of sol solution #1 was 14.0% correspond to Figure 3 (a) which 

exhibited large particle size, and sparse particle distribution. 

 

 
 

 
 

 
Fig. 3: FE-SEM Images of the Anti-Glare Coating Glass by Slot Die 

Method with the Condition of 50 M Gap Distance, and 5 Ml/Min Dis-

charge Rate of Nozzle Using A Synthesized Sol (A) Solution #1, (B) Solu-
tion #2, and (C) Solution #3 on Cleaned Slide Glass Substrate. The Magni-

fication Is 500. 

 

The AG coating is required to moderate haze and high transmit-

tance. The best performance of AG coating was 7.1% haze, 90.5% 

average transmittance and 11 nm average surface roughness as 

shown in Figure 4 & 5, which was coated with the solution #2 sol 
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which exhibited fine particle size and uniform particle distribu-

tion. The reflectance of AG coating was not affected by change of 

haze values. The average reflectance of AG coating of sol solution 

#1, #2, and #3 is equal to 7.9%. But the transmittance of AG coat-

ing was affected by the haze values. The average transmittance of 

sol solution #1, #2, and #3 was 89.8%, 90.5%, and 88.5%, respec-

tively. 

 

 
Fig. 4: AFM Image of the Anti-Glare Coating Glass by Slot Die Method 

with the Condition of 50 M Gap Distance, And 5 Ml/Min Discharge Rate 

of Nozzle Using a Synthesized Sol Solution #2. 
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Fig. 5: Transmittance Curves of the Bare Slide Glass and Anti-Glare Coat-

ing Glasses by Slot Die Method. 

 

The digital photograph of comparing reflected image betweenAG 

coating glass and non-AG coating glass was shown in Figure 6. 

The reflected image on AG coating is more diffused which means 

anti-glare effect. 

 

 
Fig. 6: Digital Photograph of Comparing Reflected Image between Anti-

Glare Coating Glass and Non-AG Coating Bare Glass. 

4. Conclusion 

The Anti-Glare coating glass was fabricated by slot die method 

using a synthesized sol solutions. The haze values are mainly af-

fected by particle distribution and particle size. The large haze 

value is attributed to dense particle distribution, and medium or 

large particle size. The AG coating glass can be applied to various 

applications such as protective glass of crystalline silicon photo-

voltaic cells, window of skyscraper, and roof of airport buildings. 

The AG coating glass is a one of solutions for light pollution of 

skyscraper, and hindering of airplane controlby reflected light 

from the roof of airport buildings. 
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