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A B S T R A C T

Antiglare and antireflection materials take considerable research attention due to its important role in trans-
parent optical materials for various purposes. In this study, we employed layer-by-layer coating materials consist
of SiO2 and TiZrO2 deposited on etched-surface glass substrate using dual electron beam evaporator system. The
surface morphology investigated by using scanning electron microscopy (SEM) exhibited the microstructure
patterns of glass surface. The cross-sectional image of transmission electron microscopy (TEM) showed uni-
formly layer-by-layer coating materials with the thickness of ~20–80 nm. The Auger electron spectroscopy (AES)
revealed the depth profiles of elemental composition of surface layer-by-layer coating, confirming the presence
of elements of SiO2 and TiZrO2 layers. In addition, the layer-by-layer coated glass surface performed the hy-
drophobic properties with contact angle of 69°. The microstructure surface treatment and layer-by-layer coating
have successfully decreased the reflectance (~3%) and increased the transmittance of the treated glass (~91%),
opening the possibility for the applications of any optical devices.

1. Introduction

In the major transparent optical materials, the cover glass of pho-
tovoltaic (PV) cells which generally composed of silica (SiO2) reflects
about 4.3% of the incident visible light with refractive index of ~1.5
[1]. Huge market demands for optoelectronic and optical in diverse
area has triggered the urgency to seek out the alternative option im-
proving the performance of this material for certain purposes. For in-
stance, suppressing the light reflection would contribute a beneficial
impact in increasing the efficiency of optical materials, including
photovoltaic panels, laser-related devices, optical lenses and display
devices [2,3]. A lot of research groups have been intensively working
on the development of antiglare and antireflective coating on glass
using layer-by-layer coatings and nanostructured patterning [4]. Light
reflection employing a layer-by-layer coated surface can be decreased
into a certain degree through modification of the light interference at
different coating layers. Nevertheless, the light reflection often occurs
only within the range of visible wavelength [5].

SiO2 is highly preferable transparent coating materials for the PV
cells since its excellent transparency and easy preparation [6,7]. The
efficiency of PV module performance could be improved by optimizing
the capture of the incident light through antireflective glass [8]. Fur-
thermore, it has been demonstrated that SiO2 has the efficiency of an-
tireflective properties, good scratch resistance, low refractive index and
chemical stability on the glass substrate [9,10].

Considering mechanical strength and biocompatibility, TiZrO2

composite has widely catch the attention in medical and aerospace
application [11]. Stress-induced transformation of ZrO2 crystal frame-
work can be used in intensifying fracture toughness of a material
[12,13]. In this study, we developed the novel concept of layer-by-layer
coating materials made of SiO2 and TiZrO2 on the surface-modified
glass for any transparent optical materials. It was believed that this
material enabled the decrease of reflectance and enhancement of light
transmittance. Furthermore, it exhibited the hydrophobic properties,
allowing the possibility for the application in solar panel and any other
transparent conducting materials that need the combination of
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antiglare and antireflection features.

2. Materials and methods

2.1. Preparation of antiglare and antireflection glass

The schematic diagram of experimental works in this study to de-
sign the layer-by-layer thin film coating is represented in Fig. 1. In
regard the surface substrate modification, the chemical etching agent
NH4F2, was used to change the structure of relatively flat substrate
surface into a rugged one. Then, subsequent deposition of SiO2 and
TiZrO2 using dual beam electron beam evaporator system was carried
out under the base pressure of 4× 10−5 Torr. The experimental details
were provided in Supplementary Material.

2.2. Materials characterizations

The materials characterizations were performed through Scanning
Electron Microscopy (SEM, Hitachi S-3400 FE-SEM) to identify the
surface morphology, Transmission Electron Microscopy (TEM, Tecnai
FEI) to reveal the cross-sectional image of the materials, in which the
sample was previously prepared by a Focus Ion Beam (FIB-Nova),
Energy-Dispersive X-ray spectroscopy (EDX, TEM Tecnai FEI), Auger
Electron Spectroscopy (AES, ULVAC-PHI 700) to find the materials
composition in the depth profile, ultraviolet-visible spectroscopy
(UV–Vis, Varian 5000) to reveal the reflectance, transmittance and re-
flectance of the light and contact angle measurement to find the angle

of hydrophobicity of materials for the bare glass, antiglare glass (AG)
and antiglare-antireflection coated glass substrate (AG/AR).

3. Results and discussion

During the surface etching, the reaction between the glass, water
and solution performs the following equations:

+ + → +Glass NH F H O 2HF NH OH4 2 2 4 (1)

+ → +4HF SiO SiF (g) 2H O2 4 2 (2)

+ →SiF 2HF H SiF (l)4 2 6 (3)

+ → +3SiF 3H O 2H SiF (l) H SiO (s)4 2 2 6 2 3 (4)

+ → + +HF Na, Ca, K NaF(s) CaF (s) KF(s)2 (5)

Briefly, the simplest engraving agent for etching or frosting glass is
hydrofluoric acid which can be formed by reacting ammonium di-
fluoride and water molecule. If this strong acid is released contacting
with the glass surface, the glass will be dispersed until all the hydro-
fluoric acid has been transformed into hydrofluosilicic acid. Another
possible product of the reaction between hydrofluoric acid and silica is
a colorless gas silicon tetrafluoride. This gas rapidly hydrolyzed by
water forming hydrated silica and fluorosilicic acid. The entire process
will not have affected the transparency of the glass then it will allow the
light passing through [14].

The surface morphology the bare glass shows a typical flat surface
morphology (Fig. 2a), meanwhile for surface-treated antiglare glass, it

Fig. 1. The preparation of antiglare and antireflection thin-film coating on surface-treated glass including the etching process using acidic solution and homogeneous
thin film coating on surface-treated glass using dual electron beam evaporator system.

Fig. 2. Scanning electron microscopy (SEM) images of (a) bare glass, (b) surface-etched antiglare glass and (c) antiglare-antireflective coating glass.
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exhibited the microstructure-pattern due to the reaction during the
etching process (Fig. 2b). It is hard to distinguish directly from the SEM
images the difference between surface-etched antiglare glass (Fig. 2b)
and antiglare-antireflective coating glass (Fig. 2c) which obviously due
to the nanoscale thickness of thin film, making it identical surface ar-
chitecture.

TEM and EDX analysis were performed to examine the surface
structure of the prepared-substrate and its component (Fig. 3). TEM
images show the cross-sectional area representing the sandwich of
layer-by-layer SiO2-TiZrO2 on the surface-etched glass and the thickness
of each layer as well. In the outer layer, 80 nm-thick SiO2 layer was
successfully deposited, followed by 60 nm-thick of TiZrO2, 20 nm-thick
of SiO2 and 30 nm-thick TiZrO2. These optimized layers were expected
to enhance light transmission and at the same time reduce light re-
flection. The elemental scanning data confirmed the present of Si, O, Ti
and Zr compositions and it shows well-dispersed and solid uniformity
distribution of coating materials on the substrate surface.

Fig. 4 represents the AES depth profile analysis data to further
disclose the properties of coating materials. We collected depth ele-
mental data at 5 different-spotted areas according to its depth and it is
firmly confirmed the existence of Si, Ti, Zr and O elements. The in-
clusion of Ca was suspected come from the glass substrate as previously

explained in surface reaction equations.
The optical properties of the glass in regard the transmission and

reflection of incoming light has been inspected by using UV–Vis spec-
troscopy (Fig. 5a). It can be inferred that the layer-by-layer coating of
SiO2 and TiZrO2 on the microstructure glass substrate has decreased the
reflectance ~3% of light reflection, from approximately 6% at the
normal incidence ray and center specific wavelength
(~400 nm–800 nm) for the bare and etched-surface glass. It is inter-
esting to note that the coating materials enable the suppression trans-
mittance within the near-infrared zones, making it to have the selective
ability in preventing undesired light for being transmitted. The re-
fractive index and extinction coefficient of the samples were calculated
(Fig. 5b). The etching process slightly effected the optical properties of
the substrate which obviously can be seen through slightly lower the
refractive index. The surface modification of substrate by layer-by-layer
coating has significantly decreased the optical properties of the sample
that is indicated by the refractive index of 1.31. However, the level of
surface roughness plays a big role in determining the optical constant of
the substrate. Moreover, absorption of the electromagnetic wave energy
during its travelling in a medium or material was characterized by
extinction coefficient of the thin film. The estimated extinction coeffi-
cients of the observed samples are 0.0131, 0.0352, and 0.0142, for
bare, AG and AG/AR glass, respectively (refers to Supplementary ma-
terial (S1)). The deposition of the coating material onto the surface-
modified glass substrate was not significantly altered the extinction
coefficient of the substrate from the initial condition.

To get a better understanding of the hydrophobic properties of the
glass surface, the contact angle of the water droplets was evaluated
(Fig. 6). The hydrophobicity of a surface was believed associated with
the self-cleaning capability and self-detaching any dust from the surface
of the coated glass which favorably in some applications such as for PV
panels [15,16]. The contact angle of AG/AR glass has the highest value
of 69° among those glasses, closed to ‘90° minimum hydrophobic
identity’, surpassing the bare glass and AG glass, each was 27.5° and
59.7°, respectively. Another possible explanation for this discover is the
surface chemical modification and coating material deposition affected
the surface free energy [17]. The decreasing contact angle describes
that the water droplets are favorable to adhere to the uncoated-surface
which is obviously identified in the SEM images (Fig. 2a). Thus, here
the surface roughness and thin film layer-by-layer coating play sig-
nificant roles to the resulting water contact angle.

Giving a demonstration correlated to the reflection phenomenon of
a glass, we took a photograph of three types of glass (Fig. 7). We ob-
serve that the text on the screen was reflected onto the surface of the
bare glass. Meanwhile, this could not be found on the AG and AG/AR

Fig. 3. Cross-sectional HR-TEM images of layer-by-layer SiO2-TiZrO2-coated
surface-etched glass.

Fig. 4. Auger Electron Spectroscopy (AES) (a) photograph of depth profile (b) elemental composition of SiO2-TiZrO2-coated surface-etched glass.
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glass surface. Furthermore, the AG/AR glass shows higher transparency
than that of the AG glass. This phenomenon is in good agreement with
the result of UV–Vis spectroscopy.

4. Conclusion

A novel layer-by-layer antiglare and antireflective coating made of
SiO2-TiZrO2 thin film has been prepared on the surface-etched glass for
transparent optical materials. The coating materials were homo-
geneously coated on the surface microstructure pattern of the glass
using dual beam electron evaporator technique. We found that the
layer-by-layer thin film coating materials (20–80 nm) have enhanced

the transmittance (~91%) in visible wavelength (300–600 nm) and
decreased it in the near-infrared zone (700–1000 nm). In addition, the
AG/AR glass showed the hydrophobic properties, by increasing the
contact angle from 27.5° to 69° after being treated with layer-by-layer
deposition. These features open any possible applications requiring
high transmittance, such as solar panel systems and any optical lenses.
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