Journal of Ceramic Processing Research. Vol. 23, No. 6, pp. 862~868 (2022)

(Received 26 May 2022, Received in revised form 30 November 2022, Accepted 2 December 2022) .
hitps://doi.org/10.36410/jcpr.2022.23.6.862 Ceramic

Processing Research

Improving anti-glare properties for display glass of soda-alumino-silicate by two
steps etching method
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Glass for display should show a low glare phenomenon in order to transmit characters and images clearly and quickly. In this
study, after primary and secondary etching of the surface of the soda-alumino-silicate glass with buffered oxide etchant (BOE)
and HF solution, the anti-glare properties of glass with the etchant concentration were analyzed. The rate of change of optical
properties for the A-series specimens prepared with variable concentrations of the BOE solution in the primary etching step
was larger than that of the B-series specimens obtained with the HF solution of varying concentrations in the second etching
step. A protrusion with a size of about 25 nm was generated on the surface of the etched specimen, and the size increased with
the etchant concentration. The protrusions created on the surface scatter and diffuse light incident on the glass, thereby
lowering the reflectance and improving the anti-glare properties, while lowering the transparency, gloss, and haze properties
of the glass. The reflectance, transmittance, haze, and gloss values of the A-series specimens were 1.8-2.0%, 85%, 6.6-6.9%,
and 95-103 GU, respectively; the values of the B-series specimens were 2.2%, 86-91%, 7.0-7.2%, and 103 GU, respectively. As
a result of this study, the optimal etchant concentration condition to minimize the loss of other optical properties while
suppressing the glare of glass was 16 to 17% of the BOE concentration in the A-series specimen, whereas the HF concentration
of 10 to 11% in the B-series was confirmed.
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Introduction etching process, which is currently being carried out in
the semiconductor process [9, 10].

The readability of display glass is the ability to Methods wused for thin film etching in the
convey text and images clearly and quickly. Recently, semiconductor process include dry ion etching and wet
as various display markets such as portable display ion etching with chemical reactions. However, the dry
devices, UV-blocking glass, and vehicle LCD expand, etching method is not only disadvantageous in its low
high readability is required for display glass [1-3]. The etching rate and high cost; but also has limitations in
glare phenomenon refers to a phenomenon in which application to large-area specimens [11, 12].
light incident on a glass surface is strongly reflected On the other hand, wet etching has been mainly
from the surface and annoys an observer's eyes. The applied to mass production in ceramic processing due
glare phenomenon is one of the biggest causes of to its low cost and fast etching rate [3, 13-16]. In
deterioration of the readability of display glass. In general, hydrofluoric acid is used in processing ceramic
order to suppress the glare phenomenon of the display surfaces by wet etching [13]. Liu et al. [17] fabricated
glass, therefore, it is necessary to reduce the amount of aggregated light-scattering particles in the AG coating
reflected light from the glass surface [4]. layer in order to increase the outer haze, so to decrease

One of the methods of suppressing the glare the reflectance of the layer. D. J. Monk et al. [18]
phenomenon of display glass is to use an anti-reflective studied an etching mechanism for thin silicon dioxide
film of polymer material. However, the surface of the films in hydrofluoric acid solutions; and analyzed the
polymer film may be easily damaged or detached from chemical reaction mechanism and kinetics for
the glass depending on external physical pressure or hydrofluoric acid etching of silicon dioxide for surface
the passage of time, which deteriorates the readability micromachining applications. K. Wen et al. [19] used a
of the glass [5-7]. mixed solution of HF and H,SO, for optimizing the

Another way to enhance the anti-glare properties of test parameters of the leaching process for extracting
display glass is to use a silicon or silica thin film gallium from a high-silica-content flue dust formed in

corundum production.
Kim et al. [20] studied the leaching behavior of CaO-
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frosted surfaces of glass or silica using hydrofluoric
acid solutions. They found that the surface of frosted
glass exhibits a peculiar morphology with a crystal-like
aspect characterized by well-facetted lattice planes, and
the frosting effect could be explained by the competition
of two reactions; the dissolution of the silica network
by hydrofluoric acid leads to the formation of H,SiFs.
Also, they claimed that the precipitation of the weakly
soluble ammonium fluorosilicate (NHy),SiF¢ forms a
passivating layer that blocks the dissolution.

Putting these findings together, the mechanism of
erosion of glass by hydrofluoric acid can be summarized
as follows; hydrogen fluoride (HF) is most frequently
used for glass etching. Fluoride ions (F°) released from
dissociation in HF react with SiO,, the main compound
in display glass, to form crystalline compounds
containing SiO,. A part of the crystal phase generated
is decomposed into SiFs> and 2H" ions. At this time,
the dissociated metal ion M", one of the components of
the glass, reacts with SiFs> to form various crystal
phases in the form of M,SiFg.

The formed M,SiFs compound covers a part of the
glass surface, and unlike glass components, these
compounds are not soluble in HF solution or water.
Therefore, the surface not covered by M,SiFg is
continuously etched by the HF solution, while the
covered portion remains on the glass surface, forming
irregular and uneven projections. The surface
protrusions formed in this way have a great influence
on the viewer's recognition of characters or images
transmitted through the display according to their size
or arrangement [18, 22-24].

The protrusion created on the glass surface lowers
the reflectance of the glass and suppresses the glare
phenomenon, but it is accompanied by deterioration of
transparency, gloss, and haze characteristics, so it is
inevitable to adjust the trade-off between these optical
characteristics. In this experiment, therefore, irregular
protrusion patterns were formed on the glass surface
through a wet etching process, and the effect of these
patterns on the anti-glare properties of the glass was
analyzed. In particular, in this experiment, the primary
etching was performed using a buffered oxide etchant
(BOE) solution, which is mainly used in the
semiconductor etching process, and then the secondary
etching was performed with an HF solution to
effectively control the anti-glare properties of the glass.
While most of the previous papers analyzed the anti-
glare properties with one cleaning process, this paper
improved the anti-glare properties of glass substrates
by using two types of etchants and concentrations as
variables as well as through two cleaning processes.

Experimental

In this experiment, the glass surface was etched using
a buffered oxide etchant (BOE) solution. The composition

of the BOE solution was NH4F: HF: H,O = 36: 15: 49
(vol %). In this experiment, distilled water was added
to the BOE solution to make the concentration of 15 to
18%. The glass substrate used was ‘G’ glass 3
(Corning Co.) of a square shape having a thickness of 1
mm and a side of 30 mm. The XRF analysis of the
chemical composition of the glass substrate showed
Si0, 61.8%, Al,O5; 16.9%, Na,O 12.8%, and alkali and
alkaline earth metal oxides such as MgO, K,O, and
CaO were 8.5% in total, indicating that the glass was a
typical soda-alumino-silicate.

After holding the tip of the substrate with Teflon
tongs for etching the glass substrate, the substrate was
completely immersed in the etching solution filled in
the ultrasonic cleaner. Etching was primarily performed
with BOE solution for 10 minutes, washed with
distilled water, and secondly performed with HF solution
for 10 minutes. The specimens prepared by changing
the concentration of the BOE solution in the primary
etching step were called A-series, and the specimens
etched by HF solution of varying concentration in the
second etching step were called B-series. The reason
for performing the etching twice is that; it was difficult
to control various optical properties integrally with
only one etching in the preliminary experiments [25].

For A-series specimens, the concentration of BOE
solution was changed to 16-18% in the primary etching
step, while in the second etching step, the concentration
of HF solution was fixed at 10%. For B-series
specimens, the concentration of BOE solution was
fixed at 15% in the primary etching step, but the
concentration of HF solution was changed to 6-15% in
the second etching step.

Measurement of haze and gloss of the etched glass
was performed with a Glossmeter (Rhopoint), and
reflectance and light transmittance were obtained in the
visible light wavelength using a spectrophotometer
(UV-VIS, Cary 5000, Varian). The roughness of the
surface was measured using atomic force microscopy
(XE150, PSIA).

Results and Discussion

The measurement results of reflectance, transmittance,
haze, and gloss for A-series specimens are shown in
Fig. 1. When glass is etched with a solution containing
F- ions, the eluted glass components, and F- ions
generally react to form various crystalline phases,
which accumulate on the surface of the specimen to
form protrusions. When the etching time elapses, the
etching continues in the portion where the protrusions
do not occur, and the surface roughness increases.

Due to these phenomena, the glass surface diffuses
and scatters incident light, thereby changing the various
optical properties of the glass. First, lower the
reflectance of the glass. Since the glare phenomenon is
the reflection of harsh and dazzling light from the
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Fig. 1. Optical properties of A-series specimen : (a) reflectance (b) transmittance (c) haze and (d) gloss. The concentration of BOE solution

varied in the range of 16-18% in primary etching step.

display glass, the anti-glare characteristic must be
lowered first. At the same time, the transparency and
gloss of the glass are lowered by the etching process,
and the haze is increased, thereby reducing the original
advantages of the glass.

In Fig. 1, the reflectance tends to decrease with the
concentration of BOE solution in the primary etching
step. When the concentration of the BOE solution was
16 to 17%, the reflectance showed a value of 1.75 to
1.70% for a light of 589.6 nm (sodium D line), but
when the concentration was 18%, the reflectance was
lowered to 1.60%. The transmittance of all specimens
showed a high value of 85% or more for the light of
589.6 nm. As the concentration of the BOE solution
increased, the transmittance decreased, but the rate of
change was not significant. As the concentration of the
BOE solution increased, the haze value of the etched
glass increased and the gloss decreased. Gloss is a
value indicating the degree of brightness of a smooth
and shiny glass surface.

The measurement results of reflectance, transmittance,
turbidity; and gloss for B-series specimens are shown
in Fig. 2. The reflectance decreased with increasing HF
solution concentration; when the HF concentration was
6%, the reflectance was 4.7% at the light of 589.6 nm
wavelength, but when the concentration was 15%, it

was lowered to 1.2%.

The transmittance showed a tendency to gradually
decrease as the HF concentration increased: at 6% HF,
the transmittance of light with a wavelength of 589.6
nm was 94%, but at 15% HF, it was lowered to 86%.
The transmittance of the B-series specimen group all
showed a high value of 86% or more. The haze value
showed a tendency to increase as the HF etching
concentration increased: the haze value was 6.6% at
6% HF, but 10.0% when etched with HF 15%. The
gloss showed a tendency to decrease as the concentration
of HF increased: the gloss was 109 GU when the
concentration of HF was 6%; and decreased to 65 GU
when the concentration was 15%.

Fig. 3 shows a comparison of the rate of change of
optical properties of A- and B-series specimens. As a
result, the optical property change rate was larger in the
B-series specimens controlling the HF concentration
than in the A-series controlling the BOE concentration.
This difference is judged by the difference in the
degree of surface morphology formed by the HF and
BOE solutions and the difference in the surface crystal
phase. As described above, etching suppresses glare by
lowering the reflectance of the glass, but it is
accompanied by a decrease in transparency, an increase
in the haze, and a decrease in gloss. Therefore, in
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Fig. 2. Optical properties of B-series specimen : (a) reflectance (b) transmittance (c) haze and (d) gloss. The concentration of HF solution
varied in the range of 16-18% in secondary etching step.
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Fig. 3. The rate change of optical properties of A- and B-series specimens as a function of etchant concentration.
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Fig. 4. Photographs of the surface for A-series specimen taken with an optical microscope. The concentration of BOE solution is; (a) 16% (b)

17% and (c) 18%.

Fig. 5. AFM images showing surface roughness of A-series glass etched as a function of BOE concentration; (a) 16% (b) 17% (c) 18%.

selecting the etching conditions showing the optimal
anti-glare properties, it is inevitable to adjust the trade-
off between these optical properties.

The A-series specimens showed better anti-glare
properties as the reflectance was lower than that of the
B-series specimens in the BOE concentration range of
16 to 18%. Also, the haze increasing and gloss
decreasing rate with the BOE concentration of A-series
specimens was smaller than that of the B-series
specimens, making it relatively easy to control the
properties. On the other hand, B-series specimens
etched with HF 11-13% concentration showed
appropriate anti-glare properties. In particular, B-series
has the advantage that the gloss value is generally
higher than that of the A-series specimens. However,
the haze of the B-series is still higher than that of the
A-series specimens, so a solution is needed from a
process point of view.

In the BOE solution, NH4F is present in addition to
HF, which contains F~ ions that can etch the glass.
Since ions of H™ and NH," exist in addition to F- ions
in these complex solutions, the number of ions and ion
activity are considered to have an effect on the etching
rate, the size, and distribution of the protrusions, and
the protrusion formation rate [26-29]. Although the rate
of change of optical properties was larger in the B-
series specimens than in the A-series in this study,

accurate analysis of this result requires additional
research on the factors mentioned above.

The results of observation of the surface microstructure
of the A-series specimen with an optical microscope
are shown in Fig. 4. As the concentration of the BOE
solution increased, the number of uneven protrusions
on the surface increased. The roughness of the etched
A-series specimen measured by AFM is shown in Fig.
5. There were many protrusions with a height of 25 nm
on the surface of the BOE 16% specimen. It can be
seen that the size and height of the protrusions
increased with the concentration of the BOE solution,
and the height of the protrusions grew to about 70 nm
in the BOE 18% etched specimen. It was confirmed
that the formation of these protrusions lowered the
reflectance of the glass and expressed anti-glare
properties.

The photographs of the exterior building seen
through the B-series glass manufactured with two
different etchant concentrations are shown in Fig. 6. As
shown in Fig. 3, the specimen etched with HF 15%
concentration had a very low reflectance value of
1.2%, but haze was very high at 9.9%, the gloss was as
low as 65 GU, and transparency was also the lowest
among all etched specimens at 84% due to heavy
etching. When an observer takes a picture by placing
the specimen in front of the camera lens and looking at
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the building, as in picture (b), the building would be
appeared blurry.

On the other hand, the specimen etched with HF
15% concentration had the reflectance of rather high at
2.2%, and the haze of not high at 6.8%. Allow the
gloss was high at 103 GU, and the transmittance was
also very high at 92%. If you look at the building
through this specimen, the landscape of the building
looks very clean as in photo (a).

In this study, two ions NH," and H+ ions were used
in combination to etch glass and improve anti-glare
properties; nevertheless, experiments on the activity
and concentration of each of the two cations have not
been conducted. We think, however, that these factors
are important in forming protrusions on the glass
surface. Therefore, a quantitative analysis is required
through additional experiments in the future.

Conclusions

In this study, to improve the anti-glare properties of
soda-alumino-silicate glass, the glass surface was
etched by two steps with HF and buffered oxide
etchant (BOE) solution, and the optical and surface
properties of the glass were analyzed accordingly. A
protrusion with a size of about 25 nm was generated on
the surface of the etched specimen, and the size
increased with the etchant concentration. Due to the
generated protrusions, the reflectance of the glass was
reduced, but the transparency, gloss, and haze properties
deteriorated.

The rate of change of optical properties of the A-
series specimens in which the concentration of the
BOE solution was varied in the primary etching step
was larger than that of the B-series specimens etched
with HF solution of varying concentration in the
secondary etching step. This difference is thought to be
due to the effect of the concentration and activity of
various ions from the BOE solution on the etching rate,

(b)

Fig. 6 .View of the building observed through the B-series glass. (a) HF 10% (haze = 6.8%), (b) HF 15% (haze =9.9%).

the protrusion formation rate, and the size and distribution
of the formed protrusions. A more definitive analysis
requires further studies.

The reflectance, transmittance, haze, and gloss values
of the A-series specimens prepared in this study were
1.8-2.0%, 85%, 6.6-6.9%, and 95-103 GU, respectively,
and for the B-series specimens, 2.2%, 86-91%, 7.0-
7.2%, and 103 GU respectively. Etching conditions
with excellent anti-glare properties were BOE
concentration of 16-17% in A-series and HF
concentration of 10-11% in B-series. If the haze value
can be further reduced through precise surface
morphology control for glass specimens in the future,
the etched glass fabricated in this way can be applied to
smart display materials in various fields.
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