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(57) ABSTRACT

The present invention relates to: a method of manufacturing
glass with hollow nanopillars, which includes a silicon oxide
layer forming step in which a silicon oxide layer made of
silicon oxide is formed on one side of a glass substrate, a first
etching step in which the silicon oxide layer is etched and a
plurality of silicon oxide clusters are formed on the glass
substrate, and a second etching step in which the glass
substrate, on which the silicon oxide clusters are formed, is
etched and hollow nanopillars are formed; and glass with
hollow nanopillars manufactured thereby.
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FIG. 1C
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FIG. 2




Patent Application Publication Jun. 3, 2021 Sheet 4 of 11 US 2021/0163285 A1

FIG. 3
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METHOD OF MANUFACTURING GLASS
WITH HOLLOW NANOPILLARS AND
GLASS WITH HOLLOW NANOPILLARS
MANUFACTURED THEREBY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 2019-0156935, filed on
Nov. 29, 2019, the disclosure of which is incorporated herein
by reference in its entirety.

BACKGROUND

Field of the Invention

[0002] The present invention relates to a method of manu-
facturing glass with hollow nanopillars and glass with
hollow nanopillars manufactured thereby.

Discussion of Related Art

[0003] Glass, which has high transparency by having high
light transmissivity and low reflectance, has been widely
used in various fields such as displays for various mobile
devices (e.g., state-of-the-art smart devices), home appli-
ances, automobiles, aviation, and the interior and exterior
glass of buildings and home appliances, and research
attempts have been made to impart various functions such as
fingerprint resistance, anti-fogging properties for suppress-
ing the formation of water droplets, and the like to the
surface of glass.

[0004] In order to impart hydrophobicity or water repel-
lency to a glass surface, or to lower the light reflectance
thereof, a method of forming a new surface structure by
etching or coating the glass surface has been attempted.
However, since glass is composed of various constituent
materials, there is a tendency that it is not easily etched
under general etching conditions. Although attempts have
been made to etch a glass surface using toxic solutions such
as hydrofiuoric acid (HF), it is known that it is not easy to
form a specific nanometer-sized pattern on a glass surface
even with techniques using these toxic materials.

[0005] As representative techniques for forming a glass
surface with increased hydrophobicity and reduced reflec-
tance, methods such as a method of forming a mask by
effectively dispersing particles on a glass surface and per-
forming plasma etching on the resultant structure and a
method of forming a nanostructure by spraying and fixing
particles onto a glass surface have been applied.

[0006] Since the method of performing etching while
applying a mask on a surface forms nanostructures on the
glass surface itself, it has the advantage of excellent dura-
bility and the ability to adjust the size of nanopillars by
controlling etching process conditions. However, it is not
easy to uniformly disperse particles on a flat glass surface,
and a step is added to the overall process due to the hassle
of removing particle residues after etching, and a process
using toxic materials to remove particles remaining on the
surface is required. [Joonsik Park, Hyuneui Lim, Wandoo
Kim, Jong Soo Ko, Journal of Colloid and Interface Science,
360, 272 (2011)] Furthermore, there are many difficulties in
applying this process to curved glass, for which demand has
been increasing recently.
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[0007] According to recent research results, in order to
increase the clarity or transmissivity of glass, it is required
that nanostructures formed on a glass surface have a refrac-
tive index that gradually changes from upper portions to
lower portions. Specifically, it is required that the upper
portions of a nanostructure formed on the glass surface have
a refractive index of about 1.0, which corresponds to the
refractive index of air, and the refractive index is gradually
increased toward the lower portions of the nanostructure so
that the refractive index of the lower portion is maintained
at about 1.5, which corresponds to the refractive index of
glass. In particular, it is considered very important that in
portions of a glass surface where nanostructures are present,
the refractive index gradually changes from upper portions
to lower portions. [Tulli, D.; Hart, S. D.; Mazumder, P;
Carrilero, A.; Tian, L.; Koch, K. W.; Yongsunthon, R.; Piech,
G. A.; Pruneri, V. Monolithically Integrated Micro- and
Nanostructured Glass Surface with Antiglare, Antireflection,
and Superhydrophobic Properties. ACS Appl. Mater. Inter-
faces 2014, 6 (14), 11198-11203. https://doi.org/10.1021/
am5013062]

SUMMARY OF THE INVENTION

[0008] The present invention is directed to providing a
method of manufacturing glass with hollow nanopillars,
which is capable of realizing low light reflectance and
superhydrophilicity by forming hollow nanopillars on a
glass surface using a multi-step etching process, and glass
with hollow nanopillars manufactured thereby.

[0009] One aspect of the present invention provides a
method of manufacturing glass with hollow nanopillars,
which includes: a silicon oxide layer forming step in which
a silicon oxide layer made of silicon oxide is formed on one
side of a glass substrate; a first etching step in which the
silicon oxide layer is etched and a plurality of silicon oxide
clusters are formed on the glass substrate; and a second
etching step in which the glass substrate, on which the
silicon oxide clusters have been formed, is etched and
hollow nanopillars are formed.

[0010] Another aspect of the present invention provides
glass with hollow nanopillars, which is manufactured using
the above-described manufacturing method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0012] The above and other objects, features and advan-
tages of the present invention will become more apparent to
those of ordinary skill in the art by describing exemplary
embodiments thereof in detail with reference to the accom-
panying drawings, in which:

[0013] FIG. 1A to FIG. 1D are conceptual diagrams illus-
trating a method of manufacturing glass with hollow nano-
pillars according to one embodiment of the present inven-
tion;

[0014] FIG. 2 is a scanning electron microscope (SEM)
image showing the surface of the surface-treated glass of
Example 2, which has been treated with CF, plasma for 15
minutes;
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[0015] FIG. 3 is a SEM image showing the cross-section
of the surface-treated glass of Example 2, which has been
treated with CF, plasma for 15 minutes;

[0016] FIG. 4 is a SEM image showing the surface of the
surface-treated glass of Comparative Example 2, which has
been treated with CF, plasma for 60 minutes;

[0017] FIG. 5 is a SEM image showing the cross-section
of the surface-treated glass of Comparative Example 2,
which has been treated with CF, plasma for 60 minutes;
[0018] FIG. 6 is a graph showing a change in the width of
the nanostructures of the surface-treated glass of Example 2
(i.e., 250 nm thick SiO, layer), which has been treated with
CF, plasma for 15 minutes, and the surface-treated glass of
Comparative Example 2 (i.e., 1,000 nm thick SiO, layer),
which has been treated with CF, plasma for 60 minutes, in
the depth direction;

[0019] FIG. 7 is a graph showing the result of evaluating
refractive indices based on the result of FIG. 6;

[0020] FIG. 8 shows the specular reflectance of the sur-
face-treated glass of Examples and Comparative Examples
according to the variation in thickness of a SiO, layer;
[0021] FIG. 9 shows the diffuse reflectance of the surface-
treated glass of Examples and Comparative Examples
according to the variation in thickness of a SiO, layer; and
[0022] FIG. 10 shows the water contact angle of the
surface-treated glass of Examples and Comparative
Examples according to the variation in thickness of a SiO,
layer.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0023] In this specification, when it is stated that a first
member is positioned “on” or “above” a second member,
this includes not only the case where the first member is in
contact with the second member, but also the case where
there is a third member present between the first and second
members.

[0024] In this specification, when it is stated that a part
“includes,” “comprises,” or “contains” a component, this
means that the part may further include, rather than exclud-
ing, other components unless stated explicitly to the con-

trary.

[0025] Hereinafter, the present invention will be described
in detail.

[0026] One aspect of the present invention provides a

method of manufacturing glass with hollow nanopillars,
which includes: a silicon oxide layer forming step in which
a silicon oxide layer made of silicon oxide is formed on one
side of a glass substrate; a first etching step in which a
plurality of silicon oxide clusters are formed on the glass
substrate by etching the silicon oxide layer; and a second
etching step in which hollow nanopillars are formed by
etching the glass substrate on which the silicon oxide
clusters have been formed.

[0027] The silicon oxide layer may serve as a sacrificial
layer in the first etching step and/or the second etching step
and thereby enable hollow nanopillars to be formed on the
surface of the glass substrate.

[0028] The glass substrate may be typical soda-lime glass,
but the present invention is not limited thereto, and any of
various types of glass used as a glass substrate in the art may
be used.

[0029] According to one embodiment of the present inven-
tion, the silicon oxide layer may be formed using one or
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more processes selected from the group consisting of sput-
tering, plasma-enhanced chemical vapor deposition
(PECVD), e-beam evaporation, and thermal evaporation
processes. Specifically, according to one embodiment of the
present invention, the silicon oxide layer may be a deposi-
tion layer made of SiO,.

[0030] The silicon oxide layer may be formed using
PECVD. In this case, a mixed gas prepared by mixing a
nitrogen compound and a silicon compound at a volume
ratio of 1:5.5 to 1:48.8 may enter a plasma state to be
deposited on the surface of the glass substrate. By using the
mixed gas having the above-described mixing ratio, it is
possible to uniformly form a silicon oxide layer in an
inexpensive and simple method.

[0031] The silicon compound may be any one selected
from the group consisting of SiH,, HMDSO, and a combi-
nation thereof, and the nitrogen compound may be any one
selected from the group consisting of N,O, NO, and a
combination thereof.

[0032] The silicon oxide layer forming step may be
regarded as a preprocess step for the first etching step and
the second etching step, and the first etching step and the
second etching step for forming hollow nanopillars using the
silicon oxide layer may be performed more selectively.
[0033] According to one embodiment of the present inven-
tion, the silicon oxide layer may be formed with a thickness
of 50 nm or more and less than 500 nm. Specifically, the
silicon oxide layer may be formed with a thickness of 100
nm or more and less than 500 nm, 100 nm or more and 400
nm or less, or 100 nm or more and 250 nm or less. When the
thickness of the silicon oxide layer is less than 100 nm, since
silicon oxide clusters are not formed in the first etching step,
it may be difficult to form hollow nanopillars in the second
etching step, and further, there may be a problem that the
glass does not attain superhydrophilicity. On the other hand,
when the thickness of the silicon oxide layer is 500 nm or
more, the glass substrate may not be etched at all or may be
insufficiently etched, and since structures resembling nano-
projections rather than hollow nanopillars are formed, there
may be a problem that it is difficult to realize a low optical
refractive index.

[0034] According to one embodiment of the present inven-
tion, in the first etching step, cluster particles including
silicon oxide may be formed in at least a part of the silicon
oxide layer, and at least three adjacent cluster particles
thereamong may form a silicon oxide cluster.

[0035] According to one embodiment of the present inven-
tion, in the second etching step, hollow nanopillars may be
formed on the surface of the glass substrate while the cluster
particles of the silicon oxide clusters are functioning as an
etching mask.

[0036] In the first etching step, at least a part of the silicon
oxide layer may be converted into cluster particles, and as
the cluster particles two-dimensionally arranged on the glass
substrate become adjacent to one another, silicon oxide
clusters may be formed. The silicon oxide clusters have an
empty space in central portions thereof, and due to having
such characteristics, the clusters are capable of serving as an
etching mask in the second etching step.

[0037] In the second etching step, selective etching is
possible because the empty space in central portions of the
silicon oxide clusters has a higher etching rate, and the
surface of the glass substrate may attain the shape of hollow
nanopillars.
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[0038] The principle of selective etching is thought to be
possible in the first and second etching steps due to the metal
ions derived from a metal contained in a negative electrode
or a chamber used for plasma treatment. When a metal
which is a material of a negative electrode or a wall of a
chamber is sputtered by the plasma particles of a reactive gas
in a plasma state, metal (e.g., chromium, iron, nickel, etc.)
ions are deposited on the silicon oxide layer, and as the metal
ions are locally accumulated with the silicon oxide on the
silicon oxide layer, clusters may be formed. Accordingly,
since the part of the silicon oxide layer where clusters have
formed has a low etching rate and the part of the silicon
oxide layer where clusters have not been formed has a high
etching rate, a difference in etching rate occurs. Therefore,
the surface of the silicon oxide layer may cause such a
difference in etching rate, and as a result, structures in the
shape of hollow nanopillars may be formed on the glass
substrate.

[0039] According to one embodiment of the present inven-
tion, the hollow nanopillar may be a structure formed by
etching the glass substrate. The hollow nanopillar is a
pillar-shaped structure having a continuous empty space
running from the top of the structure toward the inside, and
since the glass accordingly has an optical refractive index
which gradually increases in a direction from the surface
toward the inside, very low light reflectance is realized.
Therefore, the glass with hollow nanopillars of the present
invention realizes high transparency and high clarity.

[0040] According to one embodiment of the present inven-
tion, the height of the hollow nanopillar may be 10 nm or
more and 200 nm or less. More specifically, the height of the
hollow nanopillar may be 10 nm or more and 150 nm or less
or 50 nm or more and 100 nm or less.

[0041] According to one embodiment of the present inven-
tion, the diameter of the hollow region of the hollow
nanopillar may be 5 nm or more and less than 100 nm.
Specifically, the diameter of the hollow region of the hollow
nanopillar may be 5 nm or more and 50 nm or less, 5 nm or
more and 25 nm or less, or 5 nm or more and 15 nm or less.

[0042] According to one embodiment of the present inven-
tion, the ratio of the outer diameter of the hollow nanopillar
and the diameter of the hollow region may be in the range
of'2:1 to 10:1. In addition, the aspect ratio (height divided by
the diameter of bottom surface) of the hollow nanopillar
may be in the range of 1 to 10.

[0043] According to one embodiment of the present inven-
tion, the first etching step and the second etching step may
be performed in succession. Specifically, the first etching
step and the second etching step may be performed in
succession under the same etching conditions, and while
carrying out the successive etching steps, silicon oxide
clusters may be formed, and further, hollow nanopillars may
be formed.

[0044] According to one embodiment of the present inven-
tion, in each of the first etching step and the second etching
step, selective etching using a reactive gas may be per-
formed. In this case, the reactive gas may include any one
selected from the group consisting of CF,, CHF;, C,Fq,
C,CLF,, C,F,, C,Fy, SFq, and a combination thereof. Spe-
cifically, CF, may be used as the reactive gas.

[0045] According to one embodiment of the present inven-
tion, in each of the first etching step and the second etching
step, one or more methods selected from the group consist-
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ing of plasma etching, reactive ion etching, ion-milling, and
electro discharge machining (EDM) methods may be used.
[0046] According to one embodiment of the present inven-
tion, in each of the first etching step and the second etching
step, selective plasma etching using a reactive gas may be
performed. In this case, the reactive gas may include any one
selected from the group consisting of CF,, CHF;, C,Fq,
C,CLF,, C,F,, C, Fy, SFg, and a combination thereof. Spe-
cifically, CF, may be used as the reactive gas.

[0047] In addition, according to one embodiment of the
present invention, the selective plasma etching may be
performed under conditions where a plasma acceleration
voltage is in the range of =100 Vb to —1,000 Vb and plasma
etching pressure is 1 Pa or more and 10 Pa or less. When the
acceleration voltage is in the range of -100 Vb to —1,000 Vb,
since the accelerating force of reactive-gas plasma particles
can be appropriately adjusted, an etching process can be
easily performed, and the desired hollow nanopillars can be
formed. In addition, when the etching process is performed
in the above-described etching pressure range, hollow nano-
pillars having low-reflection characteristics can be formed.
[0048] According to one embodiment of the present inven-
tion, the total etching time in the first etching step and the
second etching step may be 10 seconds or more and 30
minutes or less. Specifically, the total etching time in the first
etching step and the second etching step may be 5 minutes
or more and 25 minutes or less. When the etching time is less
than 10 seconds, the etching time is too short, and thus it
may be difficult to form hollow nanopillars. On the other
hand, when the etching time is more than 30 minutes, hollow
nanopillars having a small height may be formed due to
excessive etching, and further, since the walls surrounding
hollows may be removed, it may be difficult to implement
the shape of hollow nanopillars and thus realize superhy-
drophilicity.

[0049] FIG. 1A to FIG. 1D are conceptual diagrams illus-
trating a method of manufacturing glass with hollow nano-
pillars according to one embodiment of the present inven-
tion. Specifically, FIG. 1A illustrates the etching process of
the first etching step performed after forming a silicon oxide
layer of a non-uniform thickness on soda-lime glass, FIG.
1B illustrates silicon oxide clusters formed on the silicon
oxide layer after the first etching step, and FIGS. 1C and 1D
illustrate hollow nanopillar-shaped structures formed
through the second etching step. Referring to FIG. 1A to
FIG. 1D, it is shown that in the region in which a relatively
thick silicon oxide layer has formed, silicon oxide clusters
are not easily formed through the first etching step, and
therefore, hollow nanopillar-shaped structures are not
formed even when the second etching is performed.
[0050] Another aspect of the present invention provides
glass with hollow nanopillars manufactured by the above-
described manufacturing method.

[0051] According to one embodiment of the present inven-
tion, the glass with hollow nanopillars may have a light
reflectance of 5% or less. That is, in view of the fact that the
existing general glass (i.e., soda-lime glass) has a reflectance
of 8% to 10%, the glass with hollow nanopillars of present
invention has considerably reduced reflectance.

[0052] Since the optical refractive index of the glass with
hollow nanopillars according to one embodiment of the
present invention gradually increases in a direction from the
glass surface toward the inside due to the hollow nanopillars
as described above, very low light reflectance can be real-
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ized. Accordingly, the glass with hollow nanopillars of the
present invention may realize high transparency and high
clarity.

[0053] When a droplet of pure water is in contact with a
solid, a water contact angle refers to an angle between the
surface of the solid and the inner surface of the droplet, and
smaller water contact angles mean that the hydrophilicity of
the solid surface being in contact with the water droplet is
high. In general, a water contact angle of 10° or less
indicates superhydrophilicity.

[0054] In addition, according to one embodiment of the
present invention, the glass with hollow nanopillars may
have a water contact angle of 10° or less. Since hollow
nanopillars are uniformly formed throughout the glass with
hollow nanopillars according to one embodiment of the
present invention, superhydrophilicity resulting in a water
contact angle of 10° or less can be realized, and accordingly,
water coming into contact with the glass surface easily
spreads even in the absence of a functional coating layer, and
thus fogging is prevented. Therefore, when the glass with
hollow nanopillars of the present invention is applied to
ordinary eyeglasses or glass, fogging is prevented even at
high humidity.

[0055] Hereinafter, the present invention will be described
in detail by way of exemplary embodiments. However, the
exemplary embodiments of the present invention may be
modified and implemented into various different forms, and
the scope of the present invention should not be construed as
being limited to the exemplary embodiments described
below. In this specification, the exemplary embodiments are
provided to more completely describe the present invention
to those of ordinary skill in the art.

EXAMPLE 1

[0056] By using a PECVD process, a 1:50 (v/v) mixture of
SiH, and N,O gases entered a plasma state and was depos-
ited onto each soda-lime glass, and thereby a SiO, layer was
formed with a thickness of 100 nm.

[0057] Subsequently, each of the samples on which a SiO,
layer having the above-described thickness had been formed
was subjected to CF, plasma treatment for 1, 5, 15, or 30
minutes under the conditions of a bias voltage of =600 V and
a deposition pressure of 30 mTorr, and thereby surface-
treated glass was obtained. The CF, plasma treatment time
may refer to the time for which the first etching step and the
second etching step were performed in succession.

[0058] As a result, for all the CF, plasma treatment times
applied in Example 1, hollow nanopillar-shaped structures
were formed on the surface of soda-lime glass.

EXAMPLE 2

[0059] Surface-treated glass was manufactured in the
same manner as in Example 1 except that a SiO, layer
having a thickness of 250 nm was formed.

[0060] As a result, for all the CF,, plasma treatment times
applied in Example 2, hollow nanopillar-shaped structures
were formed on the surface of soda-lime glass.

[0061] FIG. 2 is a SEM image showing the surface of the
surface-treated glass of Example 2, which has been treated
with CF, plasma for 15 minutes, and FIG. 3 is a SEM image
showing the cross-section of the surface-treated glass of
Example 2, which has been treated with CF, plasma for 15
minutes. Referring to FIGS. 2 and 3, it can be seen that
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hollow nanopillars having a height of 50 nm to 70 nm were
formed on the surface of soda-lime glass at regular intervals.

COMPARATIVE EXAMPLE 1

[0062] Surface-treated glass was manufactured in the
same manner as in Example 1 except that CF, plasma
treatment was performed for 1, 5, 15, or 30 minutes after
forming a SiO, layer having a thickness of 500 nm. In this
case, unlike in Example 1, structures having the shape of
nanoprojections rather than hollow nanopillars were formed
on the surface of soda-lime glass.

COMPARATIVE EXAMPLE 2

[0063] Surface-treated glass was manufactured in the
same manner as in Example 1 except that CF, plasma
treatment was performed for 1, 5, 15, 30 or 60 minutes after
forming a SiO, layer having a thickness of 1,000 nm. In this
case, unlike in Example 1, structures having the shape of
nanoprojections rather than hollow nanopillars were formed
on the surface of soda-lime glass.

[0064] FIG. 4 is a SEM image showing the surface of the
surface-treated glass of Comparative Example 2, which has
been treated with CF, plasma for 60 minutes, and FIG. 5 is
a SEM image showing the cross-section of the surface-
treated glass of Comparative Example 2, which has been
treated with CF, plasma for 60 minutes. Referring to FIGS.
4 and 5, it can be seen that structures having the shape of
nanoprojections with a very high aspect ratio rather than
hollow nanopillars were formed on the surface of soda-lime
glass.

[0065] FIG. 6 is a graph showing a change in the width of
the nanostructures of the surface-treated glass of Example 2
(i-e., 250 nm thick SiO, layer), which has been treated with
CF, plasma for 15 minutes, and the surface-treated glass of
Comparative Example 2 (i.e., 1,000 nm thick SiO, layer),
which has been treated with CF, plasma for 60 minutes, in
the depth direction. It can be seen that in the case of
Comparative Example 2 where the thickness of a SiO, layer
is 1,000 nm, the etching (60-minute CF, plasma treatment)
resulted in nanostructures whose width gradually increased
in the direction from upper portions of the nanostructures
(about 150 nm) toward lower portions (about 280 nm). In
addition, it can be seen that in the case of Example 2 where
the thickness of a SiO, layer is 250 nm, the etching (15-
minute CF, plasma treatment) resulted in nanostructures
whose width gradually increased in the direction from upper
portions of the nanostructures (about 30 nm) toward lower
portions (about 70 nm) and was about 50 nm on average.
[0066] FIG. 7 is a graph showing the result of evaluating
refractive indices based on the result of FIG. 6. In general,
on surfaces having nanostructures, the effective medium
theory applies for a refractive index. In FIG. 7, the refractive
index was calculated using an equation disclosed in [Ji, S.;
Song, K.; Nguyen, T. B.; Kim, N.; Lim, H. Optimal Moth
Eye Nanostructure Array on Transparent Glass towards
Broadband Antireflection. ACS Appl. Mater. Interfaces
2013, 5 (21), 10731-10737]. Referring to FIG. 7, it can be
seen that the refractive index changes in a manner that is
dependent on the thickness of a SiO, layer, and when the
thickness of a SiO, layer is 1,000 nm, the refractive index,
which is 1.0 similar to that of air at the surface of the SiO,
layer, gradually increases to about 1.4 near the glass surface.
However, it can be seen that as the shape of the nanostruc-
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tures remarkably changes at a depth (z) of 0.75, the refrac-
tive index sharply increases in the depth direction. On the
other hand, it can be seen that when the thickness is 250 nm,
the refractive index gradually increases from 1.0 to 1.45. It
can be seen that, although there is only a slight change in the
width of the hollow nanopillars in the depth direction, since
a change in refractive index due to the hollow structure is
significant, the refractive index can be gradually and suffi-
ciently changed despite the small thickness.

[0067] FIG. 8 shows the specular reflectance of the sur-
face-treated glass of Examples and Comparative Examples
according to the variation in thickness of a SiO, layer.
Specular reflectance refers to the reflectance at an angle of
reflection that is of the same magnitude as the angle of
incident with respect to a surface on which light is incident.
Referring to FIG. 8, it can be seen that as the size of
nanostructures is increased due to the increase in the thick-
ness of a SiO, layer, the reflectance gradually decreases.

[0068] FIG.9 shows the diffuse reflectance of the surface-
treated glass of Examples and Comparative Examples
according to the variation in thickness of a SiO, layer.
Referring to FIG. 9, it can be seen that unlike the results
shown in FIG. 8, the behavior of diffuse reflectance greatly
varies according to the variation in thickness of the SiO,
layer. Specifically, whereas when the thickness of a SiO,
layer is in the range of 100 nm to 250 nm, the diffuse
reflectance is very low, when the thickness of a SiO, layer
is 1,000 nm, very high reflection characteristics compared to
those of a general glass surface are exhibited. This is
believed to be due to the fact that since the size of the
nanostructure is 200 nm or more, light of small wavelengths
is reflected in various directions.

[0069] FIG. 10 shows the water contact angle of the
surface-treated glass of Examples and Comparative
Examples according to the variation in thickness of a SiO,
layer. Referring to FIG. 10, when the thickness of a SiO,
layer is 100 nm, the water contact angle is reduced to about
17°, and when the thickness of a SiO, layer is greater than
200 nm, superhydrophilicity resulting in a water contact
angle of less than 10° is realized.

[0070] According to the present invention, it is possible to
manufacture glass with hollow nanopillars, which is glass
having low light reflectance and superhydrophilicity without
having an additional functional coating layer. In addition,
since the glass with hollow nanopillars according to the
present invention is manufactured by a simple process
without using a harmful etchant, the manufacture thereof is
economical and environmentally friendly. With the glass
with hollow nanopillars according to the present invention,
high transparency and high clarity are realized due to low
light reflectance, and further, fogging is prevented due to
superhydrophilicity. The glass with hollow nanopillars has
the advantage that it can be variously applied to various
fields such as advanced smart devices (e.g., foldable dis-
plays), the surfaces or glass of mobile transportation
vehicles (e.g., automobiles), and home appliances, as well as
existing uses of glass.

[0071] Other objectives and advantages of the present
invention may be more clearly understood by the above
detailed description of the invention, the accompanying
drawings, and the scope of the following claims.
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What is claimed is:

1. A method of manufacturing glass with hollow nano-
pillars, comprising:

a silicon oxide layer forming step in which a silicon oxide
layer made of silicon oxide is formed on one side of a
glass substrate;

a first etching step in which the silicon oxide layer is
etched and a plurality of silicon oxide clusters are
formed on the glass substrate; and

a second etching step in which the glass substrate, on
which the silicon oxide clusters are formed, is etched
and hollow nanopillars are formed.

2. The method of claim 1, wherein, in the first etching
step, cluster particles including silicon oxide are formed in
at least a part of the silicon oxide layer, and at least three
adjacent cluster particles thereamong form a silicon oxide
cluster.

3. The method of claim 1, wherein, in the second etching
step, hollow nanopillars are formed on the surface of the
glass substrate while silicon oxide particles of the silicon
oxide clusters are functioning as an etching mask.

4. The method of claim 1, wherein a height of the hollow
nanopillar is 10 nm or more and 200 nm or less.

5. The method of claim 1, wherein a diameter of a hollow
region of the hollow nanopillar is 5 nm or more and less than
100 nm.

6. The method of claim 1, wherein the silicon oxide layer
is formed with a thickness of 50 nm or more and less than
500 nm.

7. The method of claim 1, wherein the silicon oxide layer
is formed using one or more processes selected from the
group consisting of sputtering, plasma-enhanced chemical
vapor deposition (PECVD), e-beam evaporation, and ther-
mal evaporation processes.

8. The method of claim 1, wherein in each of the first
etching step and the second etching step, selective etching
using a reactive gas is performed.

9. The method of claim 8, wherein the reactive gas
includes any one selected from the group consisting of CF,,
CHF,, C,F,, C,CLF,, C;F,, C,F,, SF,, and a combination
thereof.

10. The method of claim 1, wherein, in each of the first
etching step and the second etching step, one or more
methods selected from the group consisting of plasma
etching, reactive ion etching, ion-milling, and electro dis-
charge machining (EDM) methods are used.

11. The method of claim 1, wherein, in each of the first
etching step and the second etching step, selective plasma
etching using a reactive gas is performed.

12. The method of claim 11, wherein the selective plasma
etching is performed under conditions where a plasma
acceleration voltage is in the range of =100 Vb to -1,000 Vb
and plasma etching pressure is 1 Pa or more and 10 Pa or
less.

13. The method of claim 1, wherein the total etching time
in the first etching step and the second etching step is 10
seconds or more and 30 minutes or less.

14. Glass with hollow nanopillars manufactured by the
method of claim 1.

15. The glass with hollow nanopillars of claim 14, which
has a light reflectance of 5% or less.

16. The glass with hollow nanopillars of claim 14, which
has a water contact angle of 10° or less.
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