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(57) Abstract: Provided are a transparent substrate
having a nano pattern, and a method of manufacturing
the same, which enables the nano pattern to be easily
formed on the transparent substrate and has the nano
pattern applicable to a large sized substrate by forming
aresin layer made of transparent material on a trans-
parent substrate; forming at least one or more unit pat-
tern parts composed of afirst pattern area and a second
pattern area in which a plurality of grid patterns are
formed, and a protrusion pattern formed between the
first pattern area and the second pattern area, on the
resin layer; and forming a nanoscale metal layer on the
protrusion pattern.
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Description

Title of Invention: TRANSPARENT SUBSTRATE HAVING NANO
PATTERN AND METHOD OF MANUFACTURING THE SAME

[1]

[2]

3]

[4]

(9]

(6]

[7]
(8]

Technical Field

This application claims priority to Korean Patent Application No. 10-201 1-0137217,
filed on December 19, 2011, in the Korean Intellectual Property Office, the entire
contents of which are hereby incorporated by reference.

The present invention relates to atechnical field for forming a nano pattern, and more
specifically, to atransparent substrate having anano pattern.

Background Art

When manufacturing a semiconductor device, aword line, it is necessarily required
to implement various fine patterns such as adigit line, acontact and the like. A
lithograph technology has been generally applied to form these fine patterns.

A contact lithograph method which has been traditionally and widely used enables
the pattern to be formed throughout awide area. However, due to alimit of the
diffraction of light, it was problematic that apitch of the fine pattern which can be
formed islimited (1~ 2 yum).

Accordingly, to solve this problem, a stepper method, a scanner method, a
holographic lithography method and the like were developed. However, these methods
need complicated and sophisticated equipment and incur high expenses. Further, the
methods have alimit in view of the fact that an area which can form apattern is
limited. That is, the conventional lithograph method isbasically limited to implement
nonoscale fine patterns due to the problems such as alimitation of equipment or a
process property. More specifically, upon the use of the conventional lithography
technology, it would be difficult to implement nanoscale patterns which are uniformly
formed throughout alarge area of more than 8 inch.

According to the aforesaid problems, a method of forming aporous metal thin film
using aporous template made of ametal material as disclosed in Korean Laid-Open
Patent Publication No. 201 1-0024892, and forming nano patterns using the porous
metal thin film as acatalyst was suggested. The method was problematic in that
because the porous template should be prepared in advance, it isinconvenient to use
the method, and because a catalyst growth method is used, nano patterns can be formed
at only desired regions. Moreover, it was problematic that the nano patterns cannot be
formed on atransparent substrate.

[Prior Art References|

(Patent Reference 1) Korean Laid-Open Patent Publication No. 10-201 1-0024892



WO 2013/094918 PCT/KR2012/010739

[9]

[10]

[11]

[12]

[13]

[14]

Disclosur e of Invention

Technical Problem

Accordingly, the present invention has been made keeping in mind the above
problems occurring in the related art. An aspect of the present invention provides a
transparent substrate having anano pattern and a method of manufacturing the same,
which enables the nano pattern to be easily formed on the transparent substrate and has
the nano pattern applicable to alarge sized substrate by forming aresin layer made of
transparent material on atransparent substrate; forming at least one or more unit
pattern parts composed of afirst pattern area and a second pattern area in which a
plurality of grid patterns are formed, and aprotrusion pattern formed between the first
pattern area and the second pattern area, on the resin layer; and forming ananoscale
metal layer on the protrusion pattern.

Solution to Problem

According to an aspect of the present invention, there is provided amethod of manu-
facturing atransparent substrate having anano pattern, including: forming aresin layer
made of atransparent material on atransparent substrate; forming afirst pattern area
and a second pattern area in which aplurality of grid pattern are formed, respectively,
and at least one or more unit pattern parts composed of aprotrusion pattern formed
between the first pattern area and the second pattern area, on the resin layer; and
forming ananoscale metal layer on the protrusion pattern.

According to another aspect of the present invention, there isprovided atransparent
substrate having anano pattern according to the present invention, including: a
transparent substrate; aresin layer which isformed on the transparent substrate and is
made of atransparent material; at least one or more unit pattern layers which are
formed on the resin layer; ananoscale metal layer which isformed on the unit pattern
layers, wherein the unit pattern layers are composed of: afirst and a second pattern
areas in which aplurality of grid patterns are formed; and aprotrusion pattern formed
between the first pattern area and the second pattern area, wherein the metal layer is
formed on the protrusion pattern.

Advantageous Effects of Invention

According to the present invention, it is advantageous that the nanoscale grid patterns
can be uniformly formed throughout awide area of the transparent substrate.

Also, according to the present invention, it is advantageous that the nanoscale metal
layer aswell asthe aforesaid grid patterns can be aso uniformly formed on the
transparent substrate, thereby enabling the transparent substrate having electrical con-
ductivity equal to ITO to be provided at alow cost.

In addition, the master mold used in the present invention isrecyclable until itis
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damaged, causing economical advantages such as the reduction of araw material
charge and aproduction cost.
Brief Description of Drawings

The accompanying drawings are included to provide afurther understanding of the
present invention, and are incorporated in and constitute apart of this specification.
The drawings illustrate exemplary embodiments of the present invention and, together
with the description, serve to explain principles of the present invention. In the
drawings:

FIG. 1and FIG. 2 are flow charts showing the order of amethod of manufacturing a
transparent substrate having a nano pattern according to the present invention.

FIG. 3 through FIG. 9 are the exemplary views of processes illustrating roughly the
manufacturing processes of atransparent substrate having a nano pattern according to
the present invention.

Mode for the Invention

Exemplary embodiments according to the present invention will now be described
more fully hereinafter with reference to the accompanying drawings. The exemplary
embodiments of the present invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein.
Rather these example embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. Furthermore, when it is determined that specific descriptions
regarding publicly known relevant functions or configurations may unnecessarily be
beside main points of the present invention, corresponding descriptions are omitted. It
will be further understood that terms used herein should be interpreted as having a
meaning that is consistent with their meaning in the context of this specification. With
regard to the elements which perform similar functions and operations, like numbers
refer to like elements through the specification.

FIG. 1and FIG. 2 are flow charts showing the order of amethod of manufacturing a
transparent substrate having a nano pattern according to the present invention.

Referring to FIG. 1and FIG. 2, amethod of manufacturing atransparent substrate
having a nano pattern according to the present invention may include: forming aresin
layer made of atransparent material on atransparent substrate (SI); forming at least
one or more unit pattern parts, which are composed of afirst and a second pattern areas
in which aplurality of grid patterns are formed, and aprotrusion pattern formed
between the first pattern area and the second pattern area, on the resin layer (S3); and
forming ananoscale metal layer on the protrusion pattern (S5).

A material of the transparent substrate in used in step SI may use glass, quartz, a
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polymer made of atransparent material, for example, publicly known polymer
materials such as PET (polyethylene terephthalate), PC (polycarbonate), Pl
(polyimide). In addition to this, various flexible substrate may be used. The materia is
not limited.

After the transparent substrate isprepared, aresin layer isformed by applying aresin
made of atransparent material to the transparent substrate. At this time, the resin may
use athermosetting polymer or aphoto curable polymer. Meanwhile, to improve a
bonding ability between the resin layer and the transparent substrate, the resin layer
may be also formed by coating the transparent substrate with an adhesive before
applying the resin, and thereafter applying the resin to the transparent substrate.

After step Sl, at least one or more unit pattern parts, which are composed of afirst
pattern area and a second pattern area in which aplurality of grid patterns are formed,
respectively, and aprotrusion pattern formed between the first pattern area and the
second pattern area, isformed on the resin layer (S3). Specially, step S3 may be
performed as described below.

First, amaster mold is produced (S31), the master mold having at least one or more
unit mold pattern parts, which are composed of the first mold pattern area and the
second mold pattern area in which aplurality of grid mold patterns are formed re-
spectively, and aconcave mold pattern formed between the first mold pattern area and
the second mold pattern area.

The plurality of nanoscale grid mold patterns are first formed on an original material
of the master mold using a space lithography process, for example, "amethod of man-
ufacturing ananoscale pattern having alarge area’ as described in Korean patent ap-
plication No. 10-2010-0129255. The master mold of the present invention may be
produced by forming aconcave mold pattern to divide afirst mold pattern area and a
second mold pattern area and forming one or more unit mold pattern parts. At this
time, specifically, the formation method of the concave mold pattern may be
performed by an electron-beam lithography process. However, the present invention is
not limited to this.

Meanwhile, awidth of the first mold pattern area or the second mold pattern area
may be formed in arange of 50 to 100 nm. A width of concave mold pattern may be
formed in arange of 200 to 1000 nm. The master mold produced by this method is not
disposable, but is able to use until it is damaged. Furthermore, the master mold can
continue to use at an imprinting process, causing economica advantages such as the
reduction of araw material charge and aproduction cost.

Then, the master mold produced in step S31 is arranged in an upper part of the resin
layer, and one or more unit pattern parts corresponding to one or more unit mold
pattern parts are formed on the resin layer through an imprinting process for pres-
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surizing the resin layer (S33). Here, the unit pattern parts mean a structure including
the first pattern area corresponding to the first mold pattern area, the second pattern
area corresponding to the second mold pattern area, and the protrusion pattern unit cor-
responding to the concave mold pattern. The plurality of grid patterns corresponding to
the plurality of grid mold patterns are provided in the first pattern area and the second
pattern.

A process of hardening the resin layer isperformed (S35). At thistime, in acase
where the resin layer is made of athermosetting polymer, the resin layer ishardened
by applying heat thereto. In acase where the resin layer is aphoto curable polymer, the
resin layer ishardened by irradiating ultraviolet rays thereto. Thereafter, step S3 of the
present invention may be conducted by releasing the master mold from the resin layer
(S37).

Then, in step S5, the nanoscale metal layer isformed on the protrusion pattern of the
resin layer.

More specifically, ametal isfirst deposited on the grid patterns and the protrusion
pattern. At this time, the deposited metal may use any one of Al, Cr, Ag, Cu, Ni, Co
and Mo or an aloy thereof. However, the present invention should not be limited to
this. In addition to this, other metals may be appropriately used as need. Also, the de-
position method of the metal may use at least one method of a sputtering method, a
chemical vapor deposition method, and an evaporation method. However, thisisonly
one example. In addition to the methods, all deposition methods, which have been
developed and commercialized or can be embodied according to future technical de-
velopment, may be used.

Meanwhile, aheight of depositing the metal may be formed to be more than apitch
value of the grid patterns, and the metal may be uniformly deposited on each grid
pattern and the protrusion pattern. This isintended to easily remove the metal formed
on the grid patterns at an etching process later.

After the metal isdeposited, awet etching process isperformed thereon, so isotropic
etching isperformed at exposed three sides of the metal. Thus, the metal deposited on
the grid patterns is etched, or apart bonded to the grid patterns ispeeled off. Con-
sequently, the metal deposited on the grid patterns isremoved, and the metal on the
protrusion pattern remain so asto form the metal layer. The reason why the metal
deposited on the grid patterns isremoved and the metal on the protrusion pattern
remains so asto form the metal layer isbecause acontact area between the metal
deposited on the grid patterns and an etching solution used during the wet etching
process is more than the metal deposited on the protrusion pattern. Thus, the
transparent substrate having the nano pattern of the present invention, including the
nano pattern and nanoscale metal layer may be produced.
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According to the present invention, as the wet etching process isused, the process
can be performed even at room temperature, and as the manufacturing process of the
master mold can be performed separately, flexible processes can be secured. Fur-
thermore, the master mold is available until it is damaged, causing the reduction of a
raw material charge and aproduction cost.

Also, according to the present invention, the nano patterns may be uniformly im-
plemented throughout the wide area of the transparent substrate, and the nanoscale
metal layer may be also uniformly formed on the transparent substrate. Thus, itis ad-
vantageous that the transparent substrate having electrical conductivity equal to ITO
can be provided at alow cost, and an Ag mesh which isemerging as a substitute for
the ITO can be produced as ananoscale pattern. Accordingly, the present invention can
be utilized in various fields such as atouch panel, aliquid crystal device, a solar cell
and the like.

FIG. 3 through FIG. 9 are the exemplary views of processes illustrating roughly the
manufacturing processes of atransparent substrate having anano pattern according to
the present invention.

Referring to FIG. 3 through FIG. 9, asillustrated in FIG. 3, a structure 10ain which
the plurality of nanoscale grid mold patterns 11 on an upper par thereof are formed is
produced. At this time, the space lithograph process may be used as a method of
forming the grid mold pattern 11. This isthe same as described in the explanation of
FIG. 2.

Thereafter, asillustrated in FIG. 4 and FIG. 5, amaster mold 10 having at least one
or more unit mold pattern parts 10b are produced by patterning the structure 10aas il-
lustrated in FIG. 3 through an electron-beam lithography process. At this time, the unit
mold pattern parts 10b are composed of afirst mold pattern area 13, a second mold
pattern area 17, and aconcave mold pattern 15 formed between the first mold pattern
area 13 and the second mold pattern area 17. The mold pattern area 13 and the second
mold pattern area 17 have aplurality of grid mold pattern 11.

Here, awidth (B) of the concave mold pattern 15 isformed to be wider than awidth
(A) of the first mold pattern area 13 or awidth (C) of the second mold pattern area 17.
More specificaly, the width (B) of the concave mold pattern 15 may be formed in the
range of 200 to 1000 nm. The width (A) of the first mold pattern area 13 or the width
(C) of the second mold pattern area 17 may be formed in the range of 50 to 100 nm.
However, the present invention isnot limited to this. Also, adepressed depth of the
concave mold pattern 15 may be formed to be deeper than aheight of the grid mold
pattern 11.

Then, asillustrated in FIG. 6, the imprinting process for pressurizing the resin layer
39 formed on the transparent substrate 20 using the master mold (10 of FIG. 5), in
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which one or more unit mold pattern parts 10b are formed, is conducted. The detailed
explanation on the transparent substrate 20 and the resin layer 30 is the same as
described in the explanation of FIG. 1and FIG. 2, and thus is omitted. The master
mold (10 of FIG. 5) isreleased from the resin layer 30 after applying aphoto curing
process or aheat curing process, asillustrated in FIG. 7, so that one or more unit
pattern parts 30b corresponding to the unit mold pattern parts (10b of FIG. 5 and FIG.
6) may be formed on theresin layer 30. Here, the unit pattern parts 30b are composed
of the first pattern area 33, the second patter area 37, and the protrusion pattern 35
formed between the first pattern area 33 and the second pattern area 37. The first
pattern area 33, and the second patter area 37 have the plurality of grid pattern 31.

Here, awidth (E) of the protrusion pattern 35 may be formed to be wider than a
width (D) of the first pattern area or awidth (F) of the second pattern area 37. More
specificaly, the width (E) of the protrusion pattern 35 may be formed in arange of 200
to 1000 nm. The width (D) of the first pattern area 33 or the width (F) of the second
pattern area 37 may be formed in arange of 50 to 100 nm. However, the present
invention is not limited to this. Also, aheight of the protrusion pattern 35 is formed to
be higher than aheight of the grid patterns 31.

Then, the metal is deposited on the grid patterns 31 and the protrusion pattern 35, and
the metal deposited on the grid patterns 31isremoved through the wet etching process,
so that the nanoscale metal layer 40 may be formed on the protrusion pattern 35, as il-
lustrated in FIG. 8. Thus, the transparent substrate having the nano pattern with alarge
areaasillustrated in FIG. 9 can be obtained.

Aspreviously described, in the detailed description of the invention, having
described the detailed exemplary embodiments of the invention, it should be apparent
that modifications and variations can be made by persons skilled without deviating
from the spirit or scope of the invention. Therefore, it isto be understood that the
foregoing isillustrative of the present invention and is not to be construed as limited to
the specific embodiments disclosed, and that modifications to the disclosed em-
bodiments, as well as other embodiments, are intended to be included within the scope
of the appended claims and their equivalents.
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[Claim 2]

[Claim 3]

[Claim 4]
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PCT/KR2012/010739

Claims

A method of manufacturing atransparent substrate having a nano
pattern, the method, comprising:

forming aresin layer made of atransparent material on the transparent
substrate;

forming at least one or more unit pattern parts composed of afirst
pattern area and a second pattern areain which aplurality of grid
patterns are formed, and aprotrusion pattern formed between the first
pattern area and the second pattern area, on the resin layer; and
forming a nanoscale metal layer on the protrusion pattern.

The method of claim 1, wherein aheight of the protrusion pattern is
formed to be higher than aheight of the grid patterns.

The method of claim 1, wherein awidth of the protrusion pattern is
formed to be wider than awidth of the first pattern area or the second
pattern area.

The method of claim 1, wherein the forming of at least one or more unit
pattern parts comprises:

producing amaster mold which has afirst mold pattern area and a
second mold pattern areain which aplurality of grid mold patterns are
formed, respectively, and at least one or more unit mold pattern parts
composed of aconcave mold pattern formed between the first mold
pattern area and the second mold pattern ares;

forming the unit pattern parts, corresponding to the unit mold pattern
parts formed at the master mold, on the resin layer through an imprint
process;

hardening theresin layer; and

releasing the master mold from the transparent substrate.

The method of claim 4, wherein awidth of the first mold pattern area or
the second mold pattern arearanges from 50 to 100 nm.

The method of claim 4, wherein the forming of the grid mold patterns
is performed by a space lithography process.

The method of claim 4, wherein the forming of the concave mold
pattern is performed by an electron-beam lithography process.

The method of claim 4, wherein awidth of the concave mold pattern
ranges from 200 to 1000 nm.

The method of claim 1, wherein the forming of the metal layer
comprises: depositing ameta on the grid patterns and the protrusion
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[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]

PCT/KR2012/010739

pattern; and removing the metals deposited on the grid patterns through
awet etching process.

The method of claim 9, wherein aheight of the deposited metal is more
than apitch value of the grid patterns.

The method of claim 9, wherein the depositing of the meta is
performed by at least one method of a sputtering method, achemical
vapor deposition method and an evaporation method.

The method of claim 9, wherein the metal layer includes any one of Al,
Cr, Ag, Cu, Ni, Co, and Mo or an aloy thereof.

The method of claim 1, wherein the resin layer is composed of a ther-
mosetting polymer or aphoto curable polymer.

A transparent substrate having anono pattern, comprising:

atransparent substrate;

aresin layer which isformed on the transparent substrate and is made
of atransparent material;

at least one or more unit pattern layers which are formed on the resin
layer;

ananoscale metal layer which isformed on the unit pattern layers,
wherein the unit pattern layers are composed of: afirst and a second
pattern areas in which aplurality of grid patterns are formed, re-
spectively; and aprotrusion pattern formed between the first pattern
area and the second pattern area,

wherein the metal layer isformed on the protrusion pattern.

The transparent substrate of claim 14, wherein aheight of the
protrusion pattern isformed to be higher than aheight of the grid
patterns.

The transparent substrate of claim 14, wherein awidth of the protrusion
pattern isformed to be wider than awidth of the first pattern area or the
second pattern area.

The transparent substrate of claim 14, wherein awidth of the first
pattern area or the second pattern area isformed in arange of 50 to 100
nm.

The transparent substrate of claim 14, wherein awidth of the protrusion
pattern isformed in arange of 200 to 1000 nm.

The transparent substrate of claim 14, wherein the metal layer includes
any one of Al, Cr, Ag, Cu, Ni, Co, and Mo or an aloy thereof.

The transparent substrate of claim 14, wherein the resin layer is
composed of athermosetting polymer or aphoto curable polymer.
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