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(57) ABSTRACT

A vpattern structure includes a plurality of pattern structure
units arranged on a same plane, where each of the plurality of
pattern structure units includes a plurality of microstructures
defined on a surface thereof and having a width of less than
about 1 micrometer (um); and a connection layer disposed
between the plurality of pattern structure units and having a
width of less than about 10 um, where the connection layer
connects the plurality of pattern structure units to each other.
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PATTERN STRUCTURE AND METHOD OF
MANUFACTURING THE PATTERN
STRUCTURE, AND LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Korean Patent
Application No. 10-2014-0099977, filedon Aug. 4,2014, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] The disclosure relates to a large-sized pattern struc-
ture and a method of manufacturing the large-sized pattern
structure, and a liquid crystal display device having a metal
wire grid polarizer manufactured using the large-sized pat-
tern structure.

[0004] 2. Description of the Related Art

[0005] A nano- or micro-sized pattern may be formed at
low costs and via a simple process by using an imprint tech-
nology. Thus, much research has been performed in this
regard. In a conventional imprint process, a master on which
a pattern of a desirable size is formed, a stamp, and imprint
resin for transferring the pattern are typically used. Recently,
as demands for transferring a pattern of a uniform and large
size have increased, efforts to realize a large-size imprint
process have been undertaken. To transfer a uniform, large-
sized pattern, a technology to manufacture a defect-free mas-
ter or stamp has been used.

[0006] In this regard, a typical example of a polarizer is a
polyvinyl alcohol (“PVA™) polarizer that is an absorptive
polarizer used for a thin film transistor-liquid crystal display
(“TFT-LCD”). The PVA polarizer is disposed on each of an
upper glass and a lower glass of a panel and transmits or
blocks incoming light from a back light unit (“BLU”), to drive
the panel. On the other hand, a metal wire grid polarizer
(“WGP”) that is a reflective polarizer characteristically
reflects S-polarized waves and transmits P-polarized waves,
unlike the absorptive polarizer that absorbs S-polarized
waves and transmits P-polarized waves. Accordingly, when
the metal WGP is applied to a TFT-LCD, the S-polarized
waves reflected from a surface of the metal WGP are recycled,
thereby improving brightness of the TFT-LCD and reducing
the costs for a light source. Thus, as the size of a display panel
gradually increases, a large-sized metal WGP is desired to be
manufactured.

SUMMARY

[0007] Exemplary embodiments relate to a large-sized pat-
tern structure and a manufacturing method thereof, and a
liquid crystal display device having a metal wire grid polar-
izer manufactured by using the large-sized pattern structure.
[0008] According to an exemplary embodiment, a pattern
structure includes a plurality of pattern structure units
arranged on a same plane, where each of the plurality of
pattern structure units includes a plurality of microstructures
defined on a surface thereof and each having a width of less
than about 1 micrometer (um), and a connection layer dis-
posed between the plurality of pattern structure units and
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having awidth of less than about 10 pum, where the connection
layer connects the plurality of pattern structure units to each
other.

[0009] In an exemplary embodiment, the plurality of
microstructures may be arranged substantially parallel to
each other with regular intervals.

[0010] In an exemplary embodiment, a surface of each of
the plurality of pattern structure units, which is connected to
the connection layer, may have a maximum roughness of less
than about 10 um.

[0011] In anexemplary embodiment, a vertical step differ-
ence between surfaces of the plurality of pattern structure
units may be less than about 10% of the width of each of the
plurality of microstructures.

[0012] In an exemplary embodiment, the connection layer
may include a thermosetting resin or a photocurable resin.
[0013] In an exemplary embodiment, the connection layer
may include a thermo-shrinking resin or a photo-shrinking
resin.

[0014] In an exemplary embodiment, the plurality of pat-
tern structure units may include silicon (Si) or glass.

[0015] In an exemplary embodiment, the plurality of pat-
tern structure units may be arranged substantially in a matrix
form.

[0016] According to another exemplary embodiment, a
method of manufacturing a pattern structure includes prepar-
ing a plurality of pattern structure units, where a plurality of
microstructures, each of which has a width of less than about
1 pm, are defined on a surface of each of the plurality of
pattern structure units, arranging the plurality of pattern struc-
ture units on a same plane to be adjacent to one another, and
providing a connection layer formed of a resin between the
plurality of pattern structure units to combine the plurality of
pattern structure units with each other.

[0017] In an exemplary embodiment, an interval between
adjacent bonding surfaces of the plurality of pattern structure
units may be less than about 10 pm.

[0018] In an exemplary embodiment, a surface of each of
the plurality of pattern structure units, which is connected to
the connection layer, may have a maximum roughness of less
than about 10 um.

[0019] In an exemplary embodiment, a vertical step differ-
ence between surfaces of the plurality of pattern structure
units may be less than about 10% of the width of each of the
plurality of microstructures.

[0020] In an exemplary embodiment, a viscosity of the
resin may be less than about 1000 centipoises (cps).

[0021] Inanexemplary embodiment, the resin may include
a thermosetting resin or a photocurable resin.

[0022] Inanexemplary embodiment, the resin may include
a thermo-shrinking resin or a photo-shrinking resin.

[0023] In an exemplary embodiment, the providing the
connection layer may include inserting the resin between the
plurality of pattern structure units using a capillary phenom-
enon, and forming the connection layer by curing or shrinking
the predetermined resin.

[0024] Inanexemplary embodiment, the preparing the plu-
rality of pattern structure units may include cutting a plurality
of pattern wafers having a surface on which the plurality of
microstructures is defined.

[0025] Inanexemplary embodiment, the cutting the plural-
ity of pattern wafers may include performing an etching pro-
cess, a laser process, or a polishing process.
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[0026] According to another exemplary embodiment, a lig-
uid crystal display device includes a first substrate, a second
substrate disposed opposite to the first substrate, a liquid
crystal layer interposed between the first and second sub-
strates, a metal wire grid polarizer disposed on the first sub-
strate, a black matrix disposed on the second substrate, and a
color filter disposed on the second substrate. In such an
embodiment, the metal wire grid polarizer includes a plurality
of pattern areas, where a plurality of metal wire patterns, each
of which has a width of less than about 1 um, are disposed on
a surface of each of the plurality of pattern areas, and a seam
area defined between the plurality of pattern areas, where a
width of the seam area is less than about 10 um, and a position
of the seam area corresponds to the black matrix.

[0027] In an exemplary embodiment, the seam area may
have a width less than a width of the black matrix.

[0028] Inanexemplary embodiment, the liquid crystal dis-
play device may further include a backlight unit disposed on
the first substrate.

[0029] According to another exemplary embodiment, a
wire grid polarizer includes a plurality of pattern areas each
including a plurality of metal wire patterns having a width of
less than about 1 um, and a seam area defined between the
plurality of pattern areas, wherein a width of the seam area is
greater than the width of the metal wire patterns.

[0030] Inanexemplary embodiment, the width of the seam
area may be less than about 10 pm.

[0031] In an exemplary embodiment, the metal wire pat-
terns may be aluminum (Al).

[0032] In an exemplary embodiment, the wire grid polar-
izer may further include a substrate on which the plurality of
patterns areas are provided.

[0033] Inan exemplary embodiment, the substrate may be
glass.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other features of the invention will
become apparent and more readily appreciated from the fol-
lowing detailed description of embodiments thereof, taken in
conjunction with the accompanying drawings, in which:
[0035] FIG. 1 is a perspective view illustrating an exem-
plary embodiment of a pattern structure;

[0036] FIG. 2 is a cross-sectional view taken along line
II-IT' of FIG. 1;
[0037] FIG. 3 is a cross-sectional view taken along line

[I-1IT' of FIG. 1,

[0038] FIGS. 4A to 4D are cross-sectional views illustrat-
ing shapes of bonding surfaces of a pattern structure unit, in
the pattern structure of FIG. 1;

[0039] FIG.5is a cross-sectional view illustrating an alter-
native exemplary embodiment of a pattern structure;

[0040] FIG. 6 is a cross-sectional view illustrating another
alternative exemplary embodiment of a pattern structure;
[0041] FIGS. 7 to 13 are perspective views showing an
exemplary embodiment of a method of manufacturing a pat-
tern structure;

[0042] FIGS. 14 to 22 are cross-sectional views showing an
exemplary embodiment of a method of manufacturing a metal
wire grid polarizer;

[0043] FIG. 23 is an enlarged cross-sectional view of an
exemplary embodiment of the metal wire grid polarizer
manufactured by a method shown in FIGS. 14 to 22;

[0044] FIG. 24 is a cross-sectional view showing an exem-
plary embodiment of a liquid crystal display device;
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[0045] FIG. 25 is a perspective view illustrating an exem-
plary embodiment of a pattern structure;

[0046] FIG. 26 is a cross-sectional view taken along line
IV-IV' of FIG. 25,

[0047] FIG. 27 is a cross-sectional view illustrating an
exemplary embodiment of a pattern structure unit used for a
pattern structure;

[0048] FIG. 28 is a cross-sectional view illustrating an
alternative exemplary embodiment of a pattern structure unit
used for a pattern structure; and

[0049] FIGS. 29 to 36 are cross-sectional views showing an
exemplary embodiment of a method of manufacturing a pat-
tern structure.

DETAILED DESCRIPTION

[0050] The embodiments now will be described more fully
hereinafter with reference to the accompanying drawings.
The inventive concept may, however, be embodied in many
different forms, and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey inventive principle to those skilled
in the art. Like reference numerals refer to like elements
throughout.

[0051] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be therebe-
tween. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

[0052] Itwill beunderstood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, “a first element,” “component,” “region,” “layer” or
“section” discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0053] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or”” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0054] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper’ and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
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figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0055] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within #30%, 20%, 10%, 5% of the
stated value.

[0056] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the disclosure, and will not be interpreted in an idealized
or overly formal sense unless expressly so defined herein.
[0057] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the claims.

[0058] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying draw-
ings.

[0059] FIG. 1 is a perspective view illustrating an exem-
plary embodiment of a pattern structure. FIG. 2 is a cross-
sectional view taken along line II-II' of FIG. 1. FIG. 3 is a
cross-sectional view taken along line III-I1I' of FIG. 1.
[0060] Referring to FIGS. 1 to 3, an exemplary embodi-
ment of the pattern structure 100 may include a plurality of
pattern structure units 110 arranged on a same plane (e.g., an
imaginary plane) and a connection layer 120 disposed
between the pattern structure units 110. In such an embodi-
ment, a surface of each of the pattern structure units 110 may
be disposed substantially in the same plane. In one exemplary
embodiment, the pattern structure units 110 may include, for
example, silicon (Si) or glass, but they are not limited thereto.
[0061] In an exemplary embodiment, the pattern structure
units 110 each include a plurality of microstructures 110a that
protrude from a first surface 111 thereof, e.g., an upper sur-
face in FIG. 1. A second surface 112 of the pattern structure
units 110, e.g., a lower surface in F1G. 1, which is an opposite
surface to the first surface 111, may have a flat shape. In such
an embodiment, the second surface 112 of the pattern struc-
ture units 110 may be arranged substantially in the same
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plane. A width W1 of each of the microstructures 110a may
be less than about 1 micrometer (um). In one exemplary
embodiment, for example, the micro structures 110a, each
having the width W1 less than about 1 um, may be parallelly
and cyclically arranged on the first surface 111 of each of the
pattern structure units 110.

[0062] Inoneexemplary embodiment, for example, at least
aportion of the micro structures 110a in each pattern structure
unit 110 may be arranged substantially parallel to each other
with regular intervals or a constant pitch. In one exemplary
embodiment, for example, the micro structures 110 in a
pattern structure unit 110 may define a plurality of unit pat-
tern, in which the micro structure 1104 are arranged substan-
tially parallel to each other with regular intervals or a constant
pitch. In one exemplary embodiment, for example, the micro
structures 110¢ in a pattern structure unit 110 may be
arranged substantially parallel to each other, and the micro
structures 110q in different pattern structure units 110 may
extend in different direction from each other, respectively.
[0063] In one exemplary embodiment, for example, the
micro structures 110a in different pattern structure units 110
may be substantially perpendicular to each other. In one
exemplary embodiment, for example, the micro structures
110a may be arranged substantially parallel to each other
with regular intervals or a constant pitch in each pattern
structure unit 110. Herein, pitch is defined as a distance
between two adjacent micro structures 110a. In such an
embodiment, the micro structures 110a may extend substan-
tially in a predetermined same direction. In one exemplary
embodiment, for example, the micro structures 110a in the
pattern structure 100 may be substantially parallel to each
other. In such an embodiment, a pitch of the micro structures
1104 or a gap G between two adjacent micro structures 110a
in a pattern structure unit 110 may be less than about 1 pum,
and a height H of each of the micro structures 110a may be
less than about 1 pm. In an alternative exemplary embodi-
ment, the shape or size of each of the micro structures 110a
and the arrangement of the micro structures 110a may be
variously modified.

[0064] The pattern structure unit 110 may be manufac-
tured, for example, by patterning a wafer including silicon or
glass through an etching in a semiconductor process. In such
an embodiment, the microstructures 110qa, each having the
width W1 of less than about 1 um, may be provided or formed
by a patterning in the semiconductor process.

[0065] The pattern structure units 110 are arranged on sub-
stantially the same plane and to be substantially close to one
another, e.g., with a distance less than about 10 pm. In an
exemplary embodiment, the pattern structure units 110 may
be arranged substantially in a matrix form. In such an embodi-
ment, as shown in FIG. 1, the pattern structure units 110 may
be arranged in two dimensions, e.g., 2x2 matrix. the pattern
structure units 110 may be arranged in one dimension, e.g,,
1x2 or 1x3 matrix, in an alternative exemplary embodiment.
The connection layer 120 is provided between the pattern
structure units 110. The connection layer 120 is combined
with the pattern structure units 110 to connect adjacent pat-
tern structure units 110 with each other. In one exemplary
embodiment, for example, a width W2 ofthe connection layer
120 may be less than about 10 pm. The width W2 of the
connection layer 120 may be greater than the width W1 of the
microstructures 110a.

[0066] In an exemplary embodiment, the connection layer
120 may include a thermosetting resin or a photocurable
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resin. In such an embodiment, the thermosetting resin or
photocurable resin may include, for example, an acrylate-
based material, but it is not limited thereto. In an exemplary
embodiment, the connection layer 120 may include a thermo-
shrinking resin or a photo-shrinking resin. In such an embodi-
ment, the thermo-shrinking resin or photo-shrinking resin
may include, for example, a polyurethane-based material.

[0067] Surfaces 113 of the pattern structure units 110 that
are facing each other and combined by the connection layer
120 (hereinafter, bonding surfaces) may have a predeter-
mined surface roughness. In an exemplary embodiment, the
predetermined surface roughness may be determined to allow
a distance between the adjacent bonding surfaces 113 of the
pattern structure units 110 to be less than about 10 um. The
bonding surfaces 113 of the pattern structure units 110 are
provided or formed by cutting a pattern wafer (not shown)
where the microstructures 110a are on a surface thereof, as
described below. In such an embodiment, the bonding sur-
faces 113 of the pattern structure units 110 that are formed by
cutting a pattern wafer may have the predetermined surface
roughness. In one exemplary embodiment, for example, the
bonding surfaces 113 of the pattern structure units 110 each
may have a maximum roughness Rmax that is less than about
10 um. The maximum roughness Rmax is a value indicating
a degree of surface roughness corresponding to (e.g., propor-
tional to) a level (or height) distance between the lowest
position and the highest position on a surface.

[0068] Insuchanembodiment, where the bonding surfaces
113 of the pattern structure units 110 having a predetermined
surface roughness are arranged close to (e.g., to contact with)
one another, an empty space may be provided or defined
between the bonding surfaces 113 of the pattern structure
units 110. In such an embodiment, the empty space is filled
with a predetermined resin, and the connection layer 120 is
thereby formed using the predetermined resin. In such an
embodiment the bonding surfaces 113 of the pattern structure
units 110 may have the same surface roughness as each other,
or the bonding surfaces 113 may have different surface rough-
ness from each other. In an exemplary embodiment, the maxi-
mum interval between the bonding surfaces 113 of the pattern
structure units 110 may be less than about 10 pm. Accord-
ingly, in such an embodiment, the connection layer 120 pro-
vided between the pattern structure units 110 may have a
width of less than about 10 pm.

[0069] FIGS. 4A to 4D exemplarily illustrate shapes of
bonding surfaces defined at the pattern structure unit 110 in
the pattern structure 100 of FIG. 1. In an exemplary embodi-
ment, as shown in FIG. 4A, a bonding surface 113« is sub-
stantially perpendicular to the first surface 111 or the second
surface 112 of the pattern structure unit 110 and to be sub-
stantially flat such that the maximum roughness Rmax
thereof may be close to about zero (0) um. In an alternative
exemplary embodiment, as shown in FIG. 4B, a bonding
surface 1134 is substantially perpendicular to the first surface
111 or the second surface 112 of the pattern structure unit 110
and may have a wavy shape or a concave surface portion. The
maximum roughness Rmax of the bonding surface 1136 may
be less than about 10 pm. In an exemplary embodiment, as
shown in FIGS. 4C and 4D, a bonding surface 113¢ and a
bonding surface 113d are inclined with respect to the first
surface 111 or the second surface 112 of the pattern structure
unit 110. The maximum roughness Rmax of the bonding
surfaces 113¢ and 1134 may be less than about 10 um. The
shapes of the bonding surfaces is not limited to the shapes of
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exemplary embodiments 113a, 1134, 113¢ and 113d
described above, and may be modified to have various shapes.

[0070] As such, the pattern structure units 110, on each of
which the microstructures 1104 having the width W1 of less
than about 1 um are formed, are combined with one another
via the connection layer 120 and thus the pattern structure 100
having a large size may be effectively manufactured. In such
an embodiment, where the connection layer 120 is have a
width of less than about 10 pm, a sense of disconnection in a
seam portion may be effectively prevented or substantially
reduced when applied to a display device.

[0071] Recently, as the size of a liquid crystal display
(“LCD”) panel gradually increases, a metal WGP applied to
the LCD panel manufactured to be a large size may be used
forsuch alarge-sized LCD. To manufacture the metal WGP in
a large size, a master for manufacturing a metal WGP is also
manufactured in a large size. Conventionally, a master having
a large diagonal size equal to or more than about 12 inches
may not be effectively manufactured without defects. In an
exemplary embodiment, the pattern structure 100 is used as
the master, such that a metal WGP having uniform physical
properties across the entire area without defects may be
embodied in a large size, e.g., having a large diagonal size
greater than 12 inches.

[0072] FIG. 5is a cross-sectional view illustrating an alter-
native exemplary embodiment of a pattern structure. The
cross-sectional view in FI1G. 5 is substantially the same as the
cross-sectional view shown in FIG. 3 except for the connec-
tion layer 120, and any repetitive detailed description thereof
will hereinafter be omitted or simplified.

[0073] Referring to FIG. 5, in an exemplary embodiment,
the pattern structure 100" may include a plurality of pattern
structure units 110 disposed on the same plane and a connec-
tion layer 120" disposed between the pattern structure units
110 and combining the pattern structure units 110. The pat-
tern structure units 110 each include the microstructures 1104
that protrude from the first surface 111. The micro structures
110a each have a width of less than about 1 pm, and the
connection layer 120 may have a width of less than about 10
wm, but greater than the width of the microstructures 110a. In
such an embodiment, the bonding surfaces 113 of the pattern
structure units 110 each may have the maximum roughness
Rmax that is less than about 10 pm.

[0074] In an exemplary embodiment, as shown in FIG. 2,
the connection layer 120 may fill the entire space between the
bonding surfaces 113 of the pattern structure units 110.
Accordingly, as shown in FIG. 2, the first surface 111 of the
pattern structure unit 110 and the upper surface of the con-
nection layer 120 may have the same level or height or be
disposed in a same plane. In an alternative exemplary
embodiment, as shown in FIG. 5, the connection layer 120'
may fill only a part of the space between the bonding surfaces
113 ofthe pattern structure units 110. In such an embodiment,
as illustrated in FIG. 5, an upper surface of the connection
layer 120" may be lower than the first surface 111, that is, the
upper surface, of the pattern structure unit 110. In an exem-
plary embodiment, as shown in FIG. 5 the connection layer
120 may be ina lower portion of the space between the pattern
structure units 110, but it is not limited thereto. In an alterna-
tive exemplary embodiment, the connection layer 120" may
be disposed in another part, for example, an upper portion or
a middle portion, of the space between the pattern structure
units 110.
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[0075] FIG. 6 is a cross-sectional view illustrating another
alternative exemplary embodiment of a pattern structure. The
cross-sectional view in FIG. 5 is substantially the same as the
cross-sectional view shown in FIG. 2 except for a vertical step
difference between the pattern structure units 210 and 210/,
and any repetitive detailed description thereof will hereinafter
be omitted or simplified.

[0076] Referring to FIG. 6, in an exemplary embodiment,
the pattern structure 200 may include a plurality of pattern
structure units 210" and 210" disposed substantially on the
same plane, and a connection layer 220 disposed between the
pattern structure units 210" and 210" and combining the pat-
tern structure units 210" and 210". The pattern structure units
210" and 210" each include microstructures 210'a and 210"a
that protrude from first surfaces 211' and 211". The micro
structures 210" and 210" each have a width of less than about
1 pm, and the connection layer 220 may have a width of less
than about 10 um, but greater than the width of the micro-
structures 210" and 210". In such an embodiment, the bonding
surfaces 213" and 213" of the pattern structure units 210" and
210" each may have the maximum roughness Rmax that is
less than about 10 um.

[0077] In an exemplary embodiment, as shown in FIG. 2,
no vertical step difference exists between the pattern structure
units 110 arranged on the same plane. In an alternative exem-
plary embodiment, as illustrated in FIG. 6, a predetermined
vertical step difference may exist between the pattern struc-
ture units 210" and 210" when the pattern structure units 210’
and 210 are arranged on the same plane, e.g., arranged to
allow lower surfaces thereof to be in the same plane. The
vertical step difference may be generated due to a process
error in a process of forming the microstructures 210'a and
210"a through the etching in a semiconductor process.
[0078] Inan exemplary embodiment, a vertical step differ-
ence between the first surfaces of the pattern structure units
(e.g., any two pattern structure units) may be less than, for
example, about 10% ofa width of each of the microstructures.
In such an embodiment, a vertical step difference h between
the first surfaces 211' and 211" of the pattern structure units
210" and 210" combined by the connection layer 220 may be
less than, for example, about 10% of a width of each of the
microstructures 210'a and 210"a. In such an embodiment, the
vertical step difference h may be less than about 0.1 pm, for
example. In an exemplary embodiment, the vertical step dif-
ference h between the pattern structure units 210" and 210" is
less than about 10% of the width of each of the microstruc-
tures 210'¢ and 210"a, such that the pattern structure 200
having a large size may be embodied without defects.
[0079] FIGS. 7 to 13 are views showing an exemplary
embodiment of a method of manufacturing a pattern struc-
ture.

[0080] Referring to FIG. 7, in an exemplary embodiment, a
plurality of pattern wafers 350, each including the micro-
structures 110a defined on an upper surface thereof as shown
in FIG. 2, are prepared. The pattern wafers 350, for example,
may be manufactured by patterning a wafer (not shown)
including silicon or glass through the etching during a semi-
conductor process. A plurality of microstructures each having
a width of less than about 1 um may be formed by the pat-
terning during the semiconductor process.

[0081] In an exemplary embodiment, the microstructures
may be arranged substantially parallel to each other on the
pattern wafer 350 and may have a width of less than about 1
um. In such an embodiment, an interval between the micro-
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structures may be less than about 1 pm and a height of each of
the microstructures may be less than about 1 um. In such an
embodiment, the microstructures may be arranged with regu-
lar intervals. However, in an alternative exemplary embodi-
ment, the microstructures may be variously modified to have
shapes different from the shapes described herein.

[0082] Referring to FIG. 8, in an exemplary embodiment, a
plurality of pattern structure units 310 are manufactured by
cutting the pattern wafers 350 in a predetermined shape. In
one exemplary embodiment, the pattern wafer 350 may be
cut, for example, in a rectangular shape as shown in FIG. 8. In
an alternative exemplary embodiment, the pattern wafer 350
may be cut to have a polygonal shape or a fan shape, for
example. The cutting of the pattern wafer 350 may be per-
formed by, for example, an etching process, a laser processing
process, or a polishing process. The laser processing process
may include laser cutting or laser dicing.

[0083] In an exemplary embodiment, when the pattern
structure units 310 is manufactured by cutting the pattern
wafers 350, cut surfaces 313 of the pattern structure units 310
may have a predetermined surface roughness. The cut sur-
faces 313 of the pattern structure units 310 defines the bond-
ing surfaces provided to be combined by a connection layer
320 shown in FIG. 13, as described above. The cut surface
313 of the pattern structure unit 310 may have the maximum
roughness Rmax that is less than about 10 um. As described
above, the maximum roughness Rmax is a value indicating a
degree of surface roughness corresponding to (e.g., propor-
tional to) a distance between the lowest position and the
highest position on a surface. In such an embodiment, the cut
surfaces 313 of the pattern structure units 310 may have the
same surface roughness as each other, or may have different
surface roughness from each other.

[0084] Referring to FIG. 9, in an exemplary embodiment,
the pattern structure units 310 are arranged on a substrate 370,
e.g., on a flat surface thereof. The pattern structure units 310
may be disposed on the substrate 370 such that a lower surface
of each of the pattern structure units 310 contacts the substrate
370. In such an embodiment, as described above, a vertical
step difference may exist or may not exist between the pattern
structure units 310 that are arranged on the substrate 370. In
such an embodiment, the vertical step difference between the
pattern structure units 310 may be less than about 10% of the
width of each of the microstructures.

[0085] Next, referring to FIG. 10, the pattern structure units
310 that are arranged on the substrate 370 may be moved to be
arranged substantially close to each other, e.g., as close to
each other as possible. Since the cutting surfaces 313 of the
pattern structure units 310 have a predetermined surface
roughness, an empty space 315 may be provided between the
cutting surfaces 313 when the cutting surfaces 313 are moved
substantially close to each other. The maximum interval
between the cutting surfaces 313 of the pattern structure units
310 adjacent to each other may be less than about 10 pm.
[0086] Referring to FIG. 11, a predetermined resin 320’
may be inserted in the empty space 315 between the pattern
structure units 310. In an exemplary embodiment, the resin
320" is inserted by using a capillary phenomenon in the empty
space 315 between the cutting surfaces 313 of the pattern
structure units 310 adjacent to each other. In such an embodi-
ment, the resin 320' may have a viscosity that s, for example,
less than about 1000 centipoises (cps) to allow the resin 320'
in the empty space 315 to be inserted between the pattern
structure units 310 using a capillary action. In general, resin
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having a relatively higher viscosity may be used as the inter-
val between the pattern structure units 310 increases. As resin
having a relatively lower viscosity may be used as the interval
between the pattern structure units 310 decreases. In one
exemplary embodiment, for example, where the interval
between the pattern structure units 310 is about hundreds of
nanometers, resin having a viscosity equal to or less than
about 100 cps may be used, The resin 320" may fill the whole
or a part of the empty space 315 between the pattern structure
units 310 by a capillary phenomenon.

[0087] Inanexemplary embodiment, a thermosetting resin
or a photocurable resin may be used as the resin 320'. In one
exemplary embodiment, for example, the resin 320' may
include an acrylate-based material. In an exemplary embodi-
ment, a thermo-shrinking resin or a photo-shrinking resin
may be used as the resin 320'. In one exemplary embodiment,
for example, the resin 320' may include a polyurethane-based
material.

[0088] Referring to FIG. 12, heat or light, for example, an
ultraviolet (“UV™) light, is applied to the resin 320" inserted
between the pattern structure units 310. In one exemplary
embodiment, for example, where a thermosetting resin or a
photocurable resin is used as the resin 320", and heat or light
may be applied to the resin 320" inserted between the pattern
structure units 310, to cure the resin 320' by a cross link
reaction, and thereby forming the connection layer 320 that
connects the pattern structure units 310 as shown in FIG. 13.
The connection layer 320 formed through the curing process
of the resin 320' connects the pattern structure units 310 to
each other.

[0089] In one exemplary embodiment, for example, where
the thermo-shrinking resin or photo-shrinking resin is used as
the resin 320", and heat or light is applied to the resin 320
inserted between the pattern structure units 310, a solvent in
the resin 320" evaporates and the resin 320" is compressed,
thereby forming the connection layer 320 that connects the
pattern structure units 310 as shown in FIG. 13. The connec-
tion layer 320 formed as passing through the shrinkage pro-
cess of the resin 320" may combine the pattern structure units
310 to each other.

[0090] FIG. 13 illustrates a state in which resin 320'
inserted between the pattern structure units 310 is cured or
shrunk to form the connection layer 320 that combines the
pattern structure units 310. In an exemplary embodiment, the
connection layer 320 may have a width corresponding to the
interval between the bonding surfaces of the pattern structure
units 310 adjacent to each other. In such an embodiment, the
connection layer 320 may have a width of less than about 10
pm.

[0091] FIGS. 14 to 22 are cross-sectional views showing an
exemplary embodiment of a method of manufacturing a metal
WGP. FIG. 14 illustrates a method of manufacturing a metal
WGP using an exemplary embodiment of the pattern struc-
ture described herein as a master.

[0092] Referring to FIG. 14, in an exemplary embodiment,
a master 400 is prepared. In an exemplary embodiment, the
master 400 is substantially the same as an exemplary embodi-
ment of the pattern structure 100 described above with refer-
ence to FIG. 1. In such an embodiment, the master 400 may
include a plurality of maser units 410 arranged substantially
on the same plane and a connection layer 420 provided
between the master units 410. The master units 410 may
include, for example, silicon (Si) or glass. Each of the master
units 410 includes microstructures 410a, each protruding
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from an upper surface of each of the master units 410, and the
microstructures 410a may have a width of less than about 1
um. In an exemplary embodiment, the microstructures 410a
may be arranged substantially parallel to each other with
regular intervals on the upper surface of each of the master
units 410 with a width W1 of less than about 1 pm. In such an
embodiment, an interval between the microstructures 410a
may be less than about 1 pm and a height of each of the
microstructures 410a may be less than about 1 um.

[0093] The master units 410 are arranged substantially on
the same plane to be adjacent or close to each other. The
connection layer 420 is provided between the master units
410. The connection layer 420 combines the master units 410
to connect the master units 410 with each other. A width W2
of the connection layer 420 may be less than about 10 pm. In
an exemplary embodiment, the connection layer 420 may
include a thermosetting resin or a photocurable resin. In such
an embodiment, the connection layer 420 may include a
thermo-shrinking resin or a photo-shrinking resin.

[0094] Referring to FIG. 15, in an exemplary embodiment,
a mold material 450" is coated on the master 400 and then
cured. Next, as illustrated in FIG. 16, the master 400 may be
detached and thus a mold 450 for an imprint process that is
described below is provided. Mold patterns 450a correspond-
ing to the microstructures 410a of the master 410 are formed
on the mold 450.

[0095] Referring to FIG. 17, in an exemplary embodiment,
ametal layer 520", a hard mask 530" and a resin layer 540" are
sequentially provided on a support substrate 510. In one
exemplary embodiment, for example, a glass substrate may
be used as the support substrate 510 and aluminum (Al) may
be used as the metal layer 520. In such an embodiment, the
hard mask 530" may include a hard material and the resin layer
540" may include a flexible photocurable material.

[0096] Referring to FIG. 18, in an exemplary embodiment,
the mold 450 manufactured as illustrated in FIG. 16 is closely
pressed toward the resin layer 540" of FIG. 17. Accordingly,
the resin layer 540" having flexibility fills a gap between the
model patterns 450¢ formed on the mold 450. In such an
embodiment, when light, for example, a UV light, is irradi-
ated onto the resin layer 540' in a state in which the resin layer
540 fills the gap between the model patterns 4504 formed on
the mold 450, the resin layer 540" is cured. Next, the mold 450
is detached, as illustrated in FIG. 19, and a patterned resin
layer 540 is thereby provided on the hard mask 530'".

[0097] Referring to FIG. 20, in an exemplary embodiment,
the resin material remaining on the hard mask 540" is removed
by an etching process using the patterned resin layer 540 as a
mask. In such an embodiment, referring to FIG. 21, after
patterning the hard mask 530" using the patterned resin layer
540 as a mask, the patterned resin layer 540 is removed. In
such an embodiment, referring to FIG. 22, after patterning the
metal layer 520' using a patterned hard mask 530 as a mask,
the patterned hard mask 530 is removed and thus a metal
WGP 500 including the support substrate 510 and a plurality
of metal wire patterns 520 on the support substrate 510 is
provided.

[0098] FIG. 23 is an enlarged cross-sectional view of an
exemplary embodiment of the metal WGP 500 of FIG. 22
manufactured by a method described with reference to FIGS.
14 t0 22.

[0099] Referring to FIG. 23, the metal WGP 500 may
include the support substrate 510 and the metal wire patterns
520 provided on the support substrate 510. For example, the
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support substrate 510 may include glass and the metal wire
patterns 520 may include aluminum (Al

[0100] The metal WGP 500 may have substantially the
same shape as that of the master 400 of FIG. 14. In an exem-
plary embodiment, the metal WGP 500 may include a plural-
ity of pattern areas Al including metal wire patterns 520 and
a seam area A2 disposed between the pattern areas Al. The
pattern areas A1 may correspond to the master units 410 of the
master 400 of FIG. 14. Accordingly, the metal wire patterns
520 in the pattern areas Al may have the shapes correspond-
ing to the microstructures 410a of the master unit 410.
Accordingly, each of the metal wire patterns 520 may have a
width W1 of less than about 1 pm. Also, an interval between
the metal wire patterns 520 may be less than about 1 um and
a height of each of the metal wire patterns 520 may be less
than about 1 pm. The seam area A2 may correspond to the
connection layer 420 of the master 400 of FIG. 14. Accord-
ingly, the seam area A2 may have a width W2 of less than
about 10 um, but greater than the width W1 of the metal wire
patterns 520.

[0101] FIG. 24 is a cross-sectional view illustrating an
exemplary embodiment of a LCD device. FIG. 24 illustrates
a LCD device including the metal WGP 500 of FIG. 23.
[0102] Referring to FIG. 24, an exemplary embodiment of
the LCD includes first and second substrates 601 and 602
disposed opposite to each other and a liquid crystal layer 620
disposed between the first and second substrates 601 and 602.
The first and second substrates 601 and 602 may be lower and
upper substrate, respectively. The first and second substrates
601 and 602 may include a transparent material such as glass.
A backlight unit 700 for emitting light of a predetermined
color, for example, a white light, toward the liquid crystal
layer 620 is disposed under the first substrate 601.

[0103] Insuch an embodiment, the metal WGP 500 is dis-
posed on the first substrate 601. In one exemplary embodi-
ment, for example, the metal WGP 500 may be disposed
between the back light unit 700 and the first substrate 601.
However, the metal WGP 500 may be disposed above an
upper surface of the first substrate 601 in an alternative exem-
plary embodiment.

[0104] The metal WGP 500 may include the support sub-
strate 510 and the metal wire patterns 520 on the support
substrate 510. In such an embodiment, as described above,
the metal WGP 500 includes the pattern areas Al including
the metal wire patterns 520 and the seam area A2 disposed
between the pattern areas Al. Each of the metal wire patterns
520 may have a width of less than about 1 um. The seam area
A2 may have a width of less than about 10 pm.

[0105] In such an embodiment, the LCD may further
include a plurality of first electrodes 611 and a plurality of
thin film transistors (“TFT”s) 630 for driving the first elec-
trodes 611, which are disposed on the first substrate 601. The
first electrodes 611 may be pixel electrodes. In such an
embodiment, a second electrode 612 is disposed on the sec-
ond substrate 602. The second electrode 612 may be a com-
mon electrode.

[0106] In such an embodiment, the LCD may further
include a plurality of color filters 650 disposed on the second
substrate 602 to correspond to the first electrode 611. Each of
the color filters 650 may have a predetermined color, for
example, one of primary colors such as red, green or blue. In
such an embodiment, the LCD may further include a black
matrix 640 disposed between the color filters 650. The black
matrix 640 may effectively prevent cross talk between the
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pixels and improve contrast. In such an embodiment, the LCD
may further include a polarizer 670 disposed on the second
substrate 602. In an exemplary embodiment, the polarizer 670
may be provided on an upper surface of the second substrate
602. In an exemplary embodiment, a PVA polarizer, that is, an
absorptive polarizer, for example, may be used as the polar-
izer 670.

[0107] Inanexemplary embodimentofthe LCDdevice, the
seam area A2 of the metal WGP 500 is disposed at a position
corresponding to the black matrix 640. In one exemplary
embodiment, for example, the seam area A2 of the metal
WGP 500 is disposed under the black matrix 640. The width
of the seam area A2 may be smaller than the width of the black
matrix 640. In such an embodiment, where the seam area A2
having a width that is less than that of the black matrix 640 is
located under the black matrix 640, the seam area A2 of the
metal WGP 500 is covered by the black matrix 640 and thus
a seamless image may be embodied in a large size. In such an
embodiment where a large-sized, for example, more than 55
inches, LCD include the metal WGP 500 having the seam
area A2 having a width of less than about 10 um as described
above and the seam area A2 of the metal WGP 500 is located
under the black matrix 640, a seamless image may be effec-
tively embodied in such a large-sized LCD.

[0108] In an exemplary embodiment, the large-sized pat-
tern structure may be applied to the metal WGP in which the
microstructures are arranged substantially parallel to each
other with regular intervals. In an alternative exemplary
embodiment, the large-sized pattern structure may be vari-
ously modified to have a shape to be used in various fields
other than the metal WGP.

[0109] As described above, a large-sized pattern structure
may be manufactured by combining the pattern structure
units including the microstructures having a width of less than
about 1 pm using the connection layer to connect the pattern
structure units to each other. In such an embodiment, where
the connection layer has a width of less than about 10 pm, a
sense of disconnection may be effectively prevented from
occurring in the seam portion, that is, the microstructures may
look substantially continuously arranged in the large-sized
pattern structure. Accordingly, when the pattern structure is
used as the master, a large-sized metal WGP having uniform
physical properties across the entire area thereof may be
effectively manufactured without defects. Also, anexemplary
embodiment of the LCD device may include the large-sized
metal WGP, and the seam area of the metal WGP has a width
that is less than that of the black matrix and the seam area is
located under the black matrix and thus an image having no
defect may be embodied in a large size. Such an embodiment
of the large-sized pattern structure may be applied to various
fields other than the metal WGP.

[0110] FIG. 25 is a perspective view illustrating an alterna-
tive exemplary embodiment of a pattern structure 1100. FIG.
26 is across-sectional view taken along line IV-1V' of FIG. 25.

[0111] Referring to FIGS. 25 and 26, an exemplary
embodiment of the pattern structure 1100 may include the
first and second pattern structure units 1110 and 1120
arranged substantially on a same plane, a flattening layer
1130 disposed on the first and second pattern structure units
1110 and 1120, and a substrate 1140 disposed on the flatten-
ing layer 1130. In such an embodiment, a surface of the first
pattern structure unit 1110 and a surface of the second pattern
structure unit 1120 may be disposed in the same plane.
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[0112] The first pattern structure unit 1110 may include a
first surface 1111 (e.g., an upper surface in FIG. 25) and a
second surface 1112 (e.g., a lower surface in FIG. 25) which
are opposite to each other. A plurality of first microstructures
11104 protrudes from the first surface 1111 of the first pattern
structure unit 1110. A width W of each of the first microstruc-
tures 1110a may be less than, for example, about 1 um. In
such an embodiment, the first microstructures 1110¢ may be
arranged with a predetermined pattern and substantially par-
allel to each other, e.g., with a width W of less than about 1
wm, on the first surface 1111 of the first pattern structure unit
1110. In such an embodiment, the first microstructures 1110a
may be arranged with a constant interval, and the interval
between the microstructures 11104 may be less than about 1
um, and a height of each of the first microstructures 1110a
may be less than about 1 um. However, the shape of the first
microstructures 1110a in an exemplary embodiment is not
limited to the shapes described above, and the first micro-
structures 1110a¢ may be modified to various shapes other
than the above-described shape.

[0113] Inanexemplary embodiment, the first pattern struc-
ture unit 1110 may include or be formed of, for example,
silicon (81) or glass. In such an embodiment, the first pattern
structure unit 1110 may be manufactured by forming the first
microstructures 1110a on a silicon wafer or a glass wafer
using a patterning process. In an exemplary embodiment, the
first pattern structure unit 1110 may be formed of resin, for
example, polyethylene phthalate (“PET”), N,N-dimethy-
lacrylamide (“PDMA”), or polycarbonate (“PC”). In such an
embodiment, the first pattern structure unit 1110 may be
manufactured by forming the first microstructures 11104 by
an imprint process. The first pattern structure unit 1110 may
include various materials other than the above-described
material.

[0114] The second pattern structure unit 1120 may include
a first surface 1121 (e.g., an upper surface in FIG. 25) and a
second surface 1122 (e.g., a lower surface in F1G. 25) which
are opposite to each other. A plurality of second microstruc-
tures 1120a protrudes from the first surface 1121 of the sec-
ond pattern structure unit 1120. A width W of each of the
second microstructures 1120a may be less than about 1 um, as
in the first microstructures 1110a. The second pattern struc-
ture unit 1120 may include or be formed of, for example,
silicon (Si), glass, or resin.

[0115] The firstand second pattern structure units 1110 and
1120 are arranged on the same plane adjacent to each other. In
such an embodiment, the first surface 1111 of the first pattern
structure unit 1110 and the first surface 1121 of the second
pattern structure unit 1120 may be disposed in a same plane,
as shown in FIG. 26. The first microstructures 1110a on the
first surface 1111 of the first pattern structure unit 1110 and
the second microstructures 1120a on the first surface 1121 of
the second pattern structure unit 1120 may have the same
level or height H' with respect to a reference plane therebelow,
e.g., a lower surface of the a substrate disposed therebelow
1140. In such an embodiment, as illustrated in FIG. 26, as the
upper surfaces of the first microstructures 1110a and the
upper surfaces of the second microstructures 1120a are
located at the same level or height H', the upper surfaces may
be flat with respect to each other. Accordingly, no vertical step
difference may be generated between the first microstructures
11104 and the second microstructures 1120a.

[0116] Insuchan embodiment, a vertical step difference S
may exist between the second surface 1112 of the first pattern
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structure unit 1110 and the second surface 1122 of the second
pattern structure unit 1120. The vertical step difference S may
be generated due to a difference in the thickness between the
first pattern structure unit 1110 and the second pattern struc-
ture unit 1120. In one exemplary embodiment, for example,
the pattern structure units may be manufactured by using
wafers, each having a thickness in a range of about 400 um to
about 800 um, and a predetermined thickness deviation in a
range of about 20 pm to about 30 um may exist between the
wafers. Accordingly, a thickness deviation may exist between
the pattern structure units manufactured on the wafers an,
such that a vertical step difference may be generated dueto a
difference in the thickness between the pattern structure units
when the pattern structure units are arranged adjacent to each
other.

[0117] In an exemplary embodiment, the flattening layer
1130 may be disposed to cover the second surface 1112 of the
first pattern structure unit 1110 and the second surface 1122
of the second pattern structure unit 1120 having a vertical step
difference. The flattening layer 1130 connects the first pattern
structure unit 1110 and the second pattern structure unit 1120
and effectively prevents a vertical step difference from being
generated between the first microstructures 1110a and the
second microstructures 1120a. In such an embodiment, the
flattening layer 1130 may include, for example, a thermoset-
ting resin or a photocurable resin. The thermosetting resin or
photocurable resin may include, for example, an acrylate-
based material. A substrate 1140 may be provided on a lower
surface 1131 of the flattening layer 1130. The substrate 1140
may be flat and may include a relatively hard material.
Accordingly, the lower surface 1131 of the flattening layer
1130 contacting the substrate 1140 may be substantially flat.
[0118] In an exemplary embodiment, as described above,
the two pattern structure units 1110 and 1120 are arranged on
the same plane in one dimension. In an alternative exemplary
embodiment, three or more pattern structure units may be
arranged substantially on the same plane substantially in a
matrix form. In such an embodiment, the microstructures of
the pattern structure units are all disposed at the same level or
height, and a vertical step difference due to a difference in the
thickness may exist between at least two of the pattern struc-
ture units.

[0119] As described above, in an exemplary embodiment
of the pattern structure 1100, a vertical step difference S due
to a difference in the thickness between the first pattern struc-
ture unit 1110 and the second pattern structure unit 1120 may
be generated. However, in such an embodiment, the flattening
layer 1130 may be provided on the first and second pattern
structure units 1110 and 1120, and the first microstructures
1110a of the first pattern structure unit 1110 and the second
microstructures 1120a of the second pattern structure unit
1120 may be located at the same level or height H'. In general,
when a difference in the height exists between the pattern
structures, uniformity of the entire pattern of the pattern struc-
tures may be degraded and large-sized patterning may not be
effectively preformed with the pattern structures. However,
according to an exemplary embodiment of the pattern struc-
ture 1100, both the first and second microstructures 1110a
and 1120q are provided at the same level or height H' using
the flattening layer 1130 and thus a uniform pattern may be
effectively embodied in a large size.

[0120] Such an embodiment of the pattern structure 1100
may be applied to, for example, a master for manufacturing a
stamp or a stamp for imprint. Such an embodiment of the
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pattern structure 1100 may be directly used as a master for
manufacturing a stamp, for example. Also, a stamp for
imprint may be manufactured by using such an embodiment
of the pattern structure 1100 as a master. When using such an
embodiment of the pattern structure 1100 as a master, a large-
sized stamp may be manufactured of a flexible film, and a roll
type stamp may be thereby embodied.

[0121] Recently, as the size of an LCD panel gradually
increases, there is a demand to manufacture a metal WGP
applied to the LCD panel to be in a large size without defects.
Accordingly, when a master or stamp for manufacturing a
WGP is manufactured in a large size, a mask or stamp having
no defect and uniform physical properties across the entire
area may be effectively embodied in a large size by using such
an embodiment of the pattern structure. The pattern structure
1100 may be applied to various fields other than the master or
stamp.

[0122] FIG.27illustrates an alternative exemplary embodi-
ment of a pattern structure unit of a pattern structure.

[0123] Referring to FIG. 27, an exemplary embodiment of
the pattern structure unit 1210 may include a substrate 1211
and a plurality of microstructures 1211a disposed on the
substrate 1211. In an exemplary embodiment, as shown in
FIG. 26, each of the pattern structure units 1110 and 1120
may be may be integrally formed as a single unitary and
indivisible unit, e.g., integrally manufactured of the same
material. In an alternative exemplary embodiment, as shown
in FIG. 27, the substrate 1211 and the microstructures 1211a
may include different materials from each other. In one exem-
plary embodiment, for example, the substrate 1211 may
include silicon and the microstructures 1211a may include a
silicon oxide. In such an embodiment, the pattern structure
unit 1210 may be manufactured by forming the microstruc-
tures 1211 on the substrate 1211, e.g., after forming a silicon
oxide layer on the substrate 1211 including silicon and then
patterning the silicon oxide layer. The substrate 1211 and the
microstructures 1211a may include a material other than the
above-described material.

[0124] FIG. 28 illustrates another alternative exemplary
embodiment of a pattern structure unit of a pattern structure.
[0125] Referring to FIG. 28, the pattern structure unit 1310
may include a substrate 1311, and a pattern layer 1312 dis-
posed on the substrate 1311 and including a plurality of
microstructures 1312a. The microstructures 1312a protrude
from an upper surface of the pattern layer 1312. In one exem-
plary embodiment, for example, the substrate 1311 may
include silicon or glass and the pattern layer 1312 may
include resin such as PET, PDMA or PC. In an exemplary
embodiment, the pattern structure unit 1310 may be manu-
factured by coating resin on the substrate 1311 and then
forming the microstructures 1312a in an imprint process.
[0126] Hereinafter, an exemplary embodiment of a method
of manufacturing the pattern structure is described. FIGS. 29
to 36 are cross-sectional views showing an alternative exem-
plary embodiment of a method of manufacturing a pattern
structure.

[0127] Referring to FIG. 29, in an exemplary embodiment
of a method of manufacturing the pattern structure, a first
substrate 1401 is prepared and then a first flattening resin
1402 is provided on the first substrate 1401. The first substrate
1401 may include a flat upper surface, and the first flattening
resin 1402 may be coated on the flat upper surface of the first
substrate 1401. The first flattening resin 1402 may have a
predetermined viscosity to flow and be deformed by an exter-
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nal pressure. In such an embodiment, the first flattening resin
1402 may include a material that is not substantially con-
tracted (e.g., not substantially decreased in size or volume by
the external pressure) and is imprintable. In such an embodi-
ment, the first flattening resin 1402, as described below, may
further include a releasing agent to be easily separate from the
first and second microstructures 1410a and 14204 of F1G. 35.
The surfaces of the first and second microstructures 1410a
and 1420a or a surface of the first flattening resin 1402 may be
release-processed. In such an embodiment, the first flattening
resin 1402 may include a thermosetting resin or a photocur-
able resin. In one exemplary embodiment, the thermosetting
resin or photocurable resin may include an acrylate-based
material, but and the thermosetting resin or photocurable
resin may include various other materials.

[0128] Referring to FIG. 30, the first and second pattern
structure units 1410 and 1420 are arranged on the first sub-
strate 1401 that is coated with the first flattening resin 1402.
The first and second pattern structure units 1410 and 1420
may be arranged to closely contact each other so that the
interval between the first and second pattern structure units
1410 and 1420 may be minimized, e.g., less than about 10 um.
The first pattern structure unit 1410 may include a first surface
1411 (a lower surface in FIG. 30) and a second surface 1412
(an upper surface of FIG. 30) which are opposite surfaces.
The first microstructures 1410a protrudes on the first surface
1411 of the first pattern structure unit 1410. The second
pattern structure unit 1420 may include a first surface 1421 (a
lower surface in F1G. 30) and a second surface 1422 (an upper
surface of FIG. 30) which are opposite surfaces. The second
microstructures 14204 protrudes on the first surface 1421 of
the second pattern structure unit 1420. The first and second
pattern structure units 1410 and 1420 may include, for
example, silicon (Si), glass, PET, PDMA, or PC. FIG. 30
illustrates an exemplary embodiment in which the first and
second pattern structure units 1410 and 1420 are integrally
manufactured. However, in an alternative exemplary embodi-
ment, the pattern structure unit 1210 of FIG. 27 or the pattern
structure unit 1310 or FIG. 28 may be used.

[0129] Thefirst and second pattern structure units 1410 and
1420 may be arranged such that the first and second micro-
structures 1410a and 14204 face the upper surface of the first
substrate 1401. The first pattern structure unit 1410 and the
second pattern structure unit 1420 may have different thick-
nesses. Next, while the first and second pattern structure units
1410 and 1420 are arranged on the first substrate 1401 that is
flat, the first and second pattern structure units 1410 and 1420
are pressed by a predetermine pressure to closely contact the
first flattening resin 1402.

[0130] Referring to FIG. 31, as described above, when the
first and second pattern structure units 1410 and 1420 is
pressed against the first flattening resin 1402 by a predeter-
mined pressure to closely contact the first flattening resin
1402, the first flattening resin 1402 coated on the first sub-
strate 1401 flows to fill gaps between the first microstructures
1410a and gaps between the second microstructures 1420q.
The first flattening resin 1402 filling the gaps may fix the first
and second pattern structure units 1410 and 1420. When the
pressure applied to the first and second pattern structure units
1410 and 1420 is adjusted, the first microstructures 1410a and
the second microstructures 1420a may be provided substan-
tially parallel to the flat upper surface of the first substrate
1402. Accordingly, the lower surface of the first microstruc-
tures 1410a and the lower surface of the second microstruc-



US 2016/0033818 Al

tures 1420a may collectively define a substantially flat sur-
face corresponding to the upper surface of the first substrate
1401. In such an embodiment, as the lower surface of the first
microstructures 1410a and the lower surface of the second
microstructures 1420a are located at substantially the same
level or height, a vertical step difference may not be generated
between the first microstructures 1410a and the second
microstructures 1420a. A predetermined vertical step differ-
ence S may be generated between the second surface 1412 of
the first pattern structure unit 1410 and the second surface
1422 of the second pattern structure unit 1420 due to a dif-
ference in the thickness between the first and second pattern
structure units 1410 and 1420.

[0131] Referring to FIG. 32, the first flattening resin 1402
filling a gap between the first and second microstructures
1410a and 1420q as illustrated in FIG. 31 is cured. In an
exemplary embodiment, where the first flattening resin 1402
includes photocurable resin, light, for example, a UV light, is
irradiated onto the first flattening resin 1402 to cure the first
flattening resin 1402. In an alternative exemplary embodi-
ment, where the first flattening resin 1402 includes thermo-
setting resin, heat is applied to the first flattening resin 1402 to
cure the first flattening resin 1402. In such an embodiment, as
the first flattening resin 1402 is cured, the first and second
pattern structure units 1410 and 1420 may be more firmly
fixed on the first substrate 1401. In an alternative exemplary
embodiment, the above-described process of curing the first
flattening resin 1402 may be omitted. In an alternative exem-
plary embodiment, the process of coating the first flattening
resin 1402 on the first substrate 1401 and curing the first
flattening resin 1402 described above may be omitted. In such
an embodiment, only the first and second pattern structure
units 1410 and 1420 may be arranged on the first substrate
1401 that is flat.

[0132] Referring to FIG. 33, a second flattening resin 1431
is coated on the second surface 1412 of the first pattern
structure unit 1410 and the second surface 1422 ofthe second
pattern structure unit 1420. As described above, a vertical step
difference S may exist between the second surface 1412 of the
first pattern structure unit 1410 and the second surface 1422
of the second pattern structure unit 1420. The second flatten-
ing resin 1431 is coated to a predetermined thickness to cover
the second surface 1412 of the first pattern structure unit 1410
and the second surface 1422 of the second pattern structure
unit 1420 having the vertical step difference S.

[0133] The second flattening resin 1431 may have a prede-
termine viscosity to flow and be deformable by an external
pressure. The second flattening resin 1431 may include a
material having high adhesion to the first and second pattern
structure units 1410 and 1420 or a second substrate 1440 of
FIG. 34, as described below. In an exemplary embodiment, an
adhesive layer is additionally provided between the second
flattening resin 1431 and the first and second pattern structure
units 1410 and 1420, or between the second flattening resin
1431 and the second substrate 1440. The second flattening
resin 1431 may include a thermosetting resin or a photocur-
able resin. In one exemplary embodiment, the thermosetting
resin or photocurable resin may include, an acrylate-based
material, but the thermosetting resin or photocurable resin
may include various other materials.

[0134] Referring to FIG. 34, the second substrate 1440
having a flat surface is provided above the second flattening
resin 1431. Next, the second substrate 1440 is pressed by a
predetermined pressure to closely contact the second flatten-
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ing resin 1431. Accordingly, as illustrated in FIG. 35, a flat-
tening layer 1430 that connects the first and second pattern
structure units 1410 and 1420 may be formed between the
first and second pattern structure units 1410 and 1420 and the
second substrate 1440. Although the vertical step difference S
exists between the second surface 1412 of the first pattern
structure unit 1410 and the second surface 1422 of the second
pattern structure unit 1420 contacting the flattening layer
1430, the upper surface of the flattening layer 1430 contacting
the second substrate 1440 is flattened due to the second sub-
strate 1440, such that no vertical step difference is generated
on the upper surface of the flattening layer 1430. The flatten-
ing layer 1430 having adhesion properties may connect the
second substrate 1440 and the first and second pattern struc-
ture units 1410 and 1420.

[0135] Next, the second flattening resin 1431 may be cured.
In one exemplary embodiment, where the second flattening
resin 1431 includes photocurable resin, light, for example, a
UV light, is irradiated onto the second flattening resin 1431 to
cure the second flattening resin 1431, thereby forming the
flattening layer 1430. In an alternative exemplary embodi-
ment, where the second flattening resin 1431 includes ther-
mosetting resin, heat is applied to the second flattening resin
1431 to cure the second flattening resin 1431, thereby form-
ing the flattening layer 1430. In such an embodiment, as the
flattening layer 1430 is formed, the first pattern structure unit
1410 and the second pattern structure unit 1420 may be more
firmly connected to each other. In such an embodiment, the
second substrate 1440 and the first and second pattern struc-
ture units 1410 and 1420 may be firmly connected to each
other.

[0136] Referring to FIG. 36, as the first flattening resin
1402 that is formed and cured on the first substrate 1401 is
detached from the first and second pattern structure units
1410 and 1420, a pattern structure 1400 may be formed. As
described above, the first flattening resin 1402 may include a
release agent to facilitate separation of the first flattening resin
1402. Also, the surfaces of the first and second microstruc-
tures 1410a and 1420q or the surface of the first flattening
resin 1402 may be release-processed.

[0137] According to exemplary embodiments as set forth
herein, as the flatting layer is provided on the pattern structure
units having a vertical step difference, the microstructures
formed on the pattern structure units are all located at the
same level or height. Accordingly, a pattern structure that
embodies a uniform pattern in a large size may be manufac-
tured.

[0138] It should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features in other
embodiments.

[0139] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope as defined by the following claims.

What is claimed is:

1. A pattern structure comprising:

a plurality of pattern structure units arranged on a same
plane, wherein each of the plurality of pattern structure
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units comprises a plurality of microstructures defined on
a surface thereof and each having a width of less than
about 1 micrometer; and

a connection layer disposed between the plurality of pat-

tern structure units and having a width of less than about
10 micrometers, wherein the connection layer connects
the plurality of pattern structure units to each other.

2. The pattern structure of claim 1, wherein the plurality of
microstructures is arranged substantially parallel to each
other with regular intervals.

3. The pattern structure of claim 1, wherein a surface of
each of the plurality of pattern structure units, which is con-
nected to the connection layer, has a maximum roughness of
less than about 10 micrometers.

4. The pattern structure of claim 1, wherein a vertical step
difference between surfaces of the plurality of pattern struc-
ture units is less than about 10% of the width of each of the
plurality of microstructures.

5. The pattern structure of claim 1, wherein the connection
layer comprises a thermosetting resin or a photocurable resin.

6. The pattern structure of claim 1, wherein the connection
layer comprises a thermo-shrinking resin or a photo-shrink-
ing resin.

7. The pattern structure of claim 1, wherein the plurality of
pattern structure units comprises silicon (Si) or glass.

8. The pattern structure of claim 1, wherein the plurality of
pattern structure units is arranged substantially in a matrix
form.

9. A method of manufacturing a pattern structure, the
method comprising:

preparing a plurality of pattern structure units, wherein a

plurality of microstructures has a width less than about 1
micrometer are defined on a surface of each of the plu-
rality of pattern structure units;

arranging the plurality of pattern structure units on a same

plane to be adjacent to one another; and

providing a connection layer formed of a resin between the

plurality of pattern structure units to combine the plu-
rality of pattern structure units with each other.

10. The method of claim 9, wherein an interval between
adjacent bonding surfaces of the plurality of pattern structure
units is less than about 10 micrometers.

11. The method of claim 9, wherein a surface of each of the
plurality of pattern structure units, which is connected to the
connection layer, has a maximum roughness of less than
about 10 micrometers.

12. The method of claim 9, wherein a vertical step differ-
ence between surfaces of the plurality of pattern structure
units is less than about 10% of the width of each of the
plurality of microstructures.

13. The method of claim 9, wherein a viscosity of the resin
is less than about 1000 centipoises.

14. The method of claim 9, wherein the resin comprises a
thermosetting resin or a photocurable resin.
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15. The method of claim 9, wherein the resin comprises a
thermo-shrinking resin or a photo-shrinking resin.

16. The method of claim 9, wherein the providing the
connection layer comprises:

inserting the resin between the plurality of pattern structure
units using a capillary phenomenon; and

forming the connection layer by curing or shrinking the
resin.

17. The method of claim 9, wherein the preparing the
plurality of pattern structure units comprises cutting a plural-
ity of pattern wafers having a surface on which the plurality of
microstructures is defined.

18. The method of claim 17, wherein the cutting the plu-
rality of pattern wafers comprises performing an etching pro-
cess, a laser process or a polishing process.

19. A liquid crystal display device comprising:

a first substrate;

a second substrate disposed opposite to the first substrate;

a liquid crystal layer interposed between the first and sec-
ond substrates;

a metal wire grid polarizer disposed on the first substrate;

a black matrix disposed on the second substrate; and

a color filter disposed on the second substrate,

wherein the metal wire grid polarizer comprises:

a plurality of pattern areas, wherein a plurality of metal
wire patterns, each of which has a width of less than
about 1 um, are disposed on a surface of each of the
plurality of pattern areas; and

a seam area defined between the plurality of pattern
areas, wherein

a width of the seam area is less than about 10 um, and

aposition of the seam area corresponds to the black matrix.

20. The liquid crystal display device of claim 19, wherein
the seam areahas a width less than a width of the black matrix.

21. The liquid crystal display device of claim 19, further
comprising:

a backlight unit disposed on the first substrate.

22. A wire grid polarizer comprising:

a plurality of pattern areas each including a plurality of
metal wire patterns having a width of less than about 1
pm; and

a seam area defined between the plurality of pattern areas,
wherein a width of the seam area is greater than the
width of the metal wire patterns.

23. The wire grid polarizer of claim 22, wherein the width

of the seam area is less than about 10 um.

24. The wire grid polarizer of claim 22, wherein the metal
wire patterns are aluminum (Al).

25. The wire grid polarizer of claim 22, further comprising
a substrate on which the plurality of patterns areas are pro-
vided.

26. The wire grid polarizer of claim 25, wherein the sub-
strate is glass.
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