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POLARIZER, METHOD OF
MANUFACTURING THE POLARIZER,
DISPLAY PANEL HAVING THE POLARIZER
AND DISPLAY APPARATUS HAVING THE
DISPLAY PANEL

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0081611, filedon Jul. 26,2012, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which are incorporated by reference herein in
their entireties.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the invention relate to a
polarizer, a method of manufacturing the polarizer, a display
panel having the polarizer, and a display apparatus having the
display panel.

[0004] More particularly, exemplary embodiments of the
invention relate to a wire grid polarizer, a method of manu-
facturing the wire grid polarizer, a display panel having the
wire grid polarizer, and a display apparatus having the display
panel.

[0005] 2. Description of the Related Art

[0006] A liquid crystal display apparatus having a light
weight and small size has been manufactured. A cathode ray
tube (“CRT”) display apparatus has been used due to a per-
formance and a competitive price. However the CRT display
apparatus has a weakness with a size or portability thereof.
Therefore, the liquid crystal display apparatus has been
highly regarded due to a small size, light weight and low-
power-consumption thereof.

[0007] The liquid crystal display apparatus applies a volt-
age to a specific molecular arrangement of an optical material
therein, such as liquid crystal, and is configured to change the
molecular arrangement of the liquid crystal. The liquid crys-
tal display apparatus displays an image using changes of
optical property (for example, birefringence, rotatory polar-
ization, dichroism and light scattering) of a liquid crystal cell
according to the changes of the molecular arrangement of the
liquid crystal.

[0008] The liquid crystal display apparatus includes a
polarizing plate to control an array of the molecular arrange-
ment of the liquid crystal, a display panel, an optical sheet and
abacklight assembly. An in-cell polarizer has been developed
including a polarizer disposed in the display panel. However,
static electricity from outside or from the optical sheet which
is disposed adjacent to the display panel may flow into the
display panel due to thin thickness of the liquid crystal display
apparatus. The static electricity may undesirably cause flecks
on the display panel when the display panel displays an
image.

SUMMARY

[0009] One or more exemplary embodiment of the inven-
tion provides a polarizer capable of blocking static electricity.
[0010] Exemplary embodiments of the invention also pro-
vide a method of manufacturing the polarizer.

[0011] Exemplary embodiments of the invention also pro-
vide a display panel having the polarizer.

[0012] Exemplary embodiments of the invention also pro-
vide a display apparatus having the display panel.

[0013] According to an exemplary embodiment of the
invention, a polarizer includes a substrate, an antistatic layer
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disposed on the substrate and including a conductive mate-
rial, and a metal layer disposed on the antistatic layer and
including a plurality of protrusions, the protrusions forming a
wire grid pattern.

[0014] In an exemplary embodiment, the antistatic layer
may include at least one selected from poly(3,4-ethylene-
dioxythiophene) (“PEDOT”), indium tin oxide (“ITO”),
indium zinc oxide (“IZ0”), and a carbon nanotube (“CNT”).
[0015] In an exemplary embodiment, a thickness of the
antistatic layer may be about 10 angstroms (&) to about 100
A.

[0016] In an exemplary embodiment, the metal layer may
include a polarizing area through which light passes, and a
reflecting area which reflects the light.

[0017] In an example embodiment, the polarizer may fur-
ther include an insulating layer disposed between the anti-
static layer and the metal layer.

[0018] In an example embodiment, thickness of the insu-
lating layer may be about 1 micrometer (um) to about 3 um.
[0019] In an exemplary embodiment, a method of manu-
facturing a polarizer includes providing an antistatic layer
including a conductive material on a substrate; providing a
metal layer on the antistatic layer; providing a mask layer on
the metal layer; providing a photoresist on a portion of the
mask layer; providing a self-assembled pattern on an exposed
portion of the mask layer; providing a wire grid pattern by
pattering the mask layer and the metal layer using the self-
assembled pattern as a mask; and removing the photoresist
and the mask layer.

[0020] Inan exemplary embodiment, the method may fur-
ther include providing an insulating layer on the antistatic
layer before the providing the mask layer.

[0021] In an exemplary embodiment, providing the anti-
static layer may include printing or inkjet printing PEDOT on
the substrate.

[0022] In an exemplary embodiment, providing the self-
assembled pattern may include applying a block copolymer
including a first block and a second block on the exposed
portion of the mask layer; providing a lamella structure from
the first and second blocks by heat treating the block copoly-
mer; and removing one of the first and second blocks.
[0023] According to another exemplary embodiment of the
invention, a display panel includes an array substrate, an
opposite substrate facing the array substrate and a liquid
crystal layer disposed between the array substrate and the
opposite substrate. The array substrate includes a first polar-
izer, a first insulating layer covering the first metal layer, a
gate electrode disposed on the first insulating layer, a gate
insulating layer disposed on the gate electrode to insulate the
gate electrode, a channel layer disposed on the gate insulating
layer, source and drain electrodes disposed on the channel
layer, a protecting layer covering the source and drain elec-
trodes and including a contact hole exposing the drain elec-
trode, and a first electrode disposed on the protecting layer
and electrically connected to the drain electrode through the
contact hole. The first polarizer includes a first substrate, a
first antistatic layer disposed on the first substrate and includ-
ing a first conductive material, and a first metal layer disposed
on the first antistatic layer and including a plurality of pro-
trusions. The protrusions form a first wire grid pattern.
[0024] Inanexemplary embodiment, the opposite substrate
may include a second substrate, and a polarizing plate dis-
posed on the second substrate.
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[0025] In an exemplary embodiment, the first metal layer
may include a polarizing area through which light passes, and
a reflecting area which reflects the light. The first wire grid
pattern may be in the polarizing area. The reflecting area may
overlap with a thin film transistor including the gate, source
and drain electrodes.

[0026] In an exemplary embodiment, the array substrate
further may include a second insulating layer disposed
between the first antistatic layer and the first metal layer.
[0027] Inanexemplary embodiment, the opposite substrate
may include a second polarizer, a third insulating layer and a
second electrode. The second polarizer may include a second
substrate, a second antistatic layer disposed under the second
substrate and including a second conductive material, and a
second metal layer disposed under the second antistatic layer
and including a plurality of protrusions. The protrusions form
a second wire grid pattern. The third insulating layer may be
between the second antistatic layer and the second metal
layer. The second electrode may be disposed under the third
insulating layer.

[0028] Inanexemplary embodiment, the opposite substrate
may further include a black matrix disposed under the second
substrate and blocking light. The black matrix and the second
metal layer may be in a same layer of the opposite substrate.
[0029] According to still another exemplary embodiment
of theinvention, a display apparatus includes a display panel,
a backlight assembly, an optical element and a receiving
container. The display panel includes an array substrate, an
opposite substrate facing the array substrate and a liquid
crystal layer disposed between the array substrate and the
opposite substrate. The array substrate includes a first polar-
izer including a first substrate, an first antistatic layer dis-
posed on the first substrate and including a conductive mate-
rial, and a first metal layer disposed on the first antistatic layer
and including a plurality of protrusions forming a wire grid
pattern; a first insulating layer covering the first metal layer; a
gate electrode disposed on the first insulating layer; a gate
insulating layer disposed on the gate electrode to insulate the
gate electrode; a channel layer disposed on the gate insulating
layer; source and drain electrodes disposed on the channel
layer; a protecting layer covering the source and drain elec-
trodes, and including a contact hole exposing the drain elec-
trode; and a first electrode disposed on the protecting layer
and electrically connected to the drain electrode through the
contact hole. The backlight assembly is disposed under the
display panel, is spaced apart from the display panel and
supplies light to the display panel. The optical element is
disposed between the display panel and the backlight assem-
bly. The receiving container receives the display panel, back-
light assembly and the optical element.

[0030] In an exemplary embodiment, the optical element
may be spaced apart from the display panel.

[0031] In an exemplary embodiment, the array substrate
may further include a second insulating layer disposed
between the first antistatic layer and the first metal layer.
[0032] In an exemplary embodiment, the first antistatic
layer may include at least one selected from PEDOT, 1TO,
170, and a CNT.

[0033] According to one or more of the exemplary embodi-
ments of the invention, a polarizer includes an antistatic layer,
so that inflow of static electricity into a display panel may be
reduced or effectively prevented.

[0034] In addition, since the display panel includes the
polarizer having the antistatic layer, inflow of static electricity
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into a liquid crystal layer caused from an optical element
disposed under the display panel may be reduced or effec-
tively prevented.

[0035] In addition, since an insulating layer having suffi-
cient thickness is disposed on the antistatic layer, a coupling
effect between a circuit pattern of the display panel and the
antistatic layer may be reduced or effectively prevented.
[0036] Thus, since the display apparatus may include the
display panel. a display quality is improved by reducing or
effectively preventing a spot caused by static electricity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and other features of the invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the accompanying
drawings, in which:

[0038] FIG. 1isa cross-sectional view illustrating an exem-
plary embodiment of a polarizer according to the invention;
[0039] FIG. 2 is a cross-sectional view illustrating another
exemplary embodiment of a polarizer according to the inven-
tion,;

[0040] FIGS.3A to 31 are cross-sectional views illustrating
an exemplary embodiment of a method of manufacturing the
polarizer of FIG. 1,

[0041] FIGS. 4A to 4G are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
the polarizer of F1G. 2;

[0042] FIG. Sisacross-sectional view illustrating an exem-
plary embodiment of a display panel according to the inven-
tion;

[0043] FIG. 6is a cross-sectional view illustrating another
exemplary embodiment of a display panel according to the
invention;

[0044] FIG. 7 is a cross-sectional view illustrating still
another exemplary embodiment of a display panel according
to the invention; and

[0045] FIG. 8isa cross-sectional view illustrating an exem-
plary embodiment of a display apparatus according to the
invention.

DETAILED DESCRIPTION

[0046] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, the element or layer can be directly on, connected or
coupled to another element or layer or intervening elements
or layers. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present. As
used herein, connected may refer to elements being physi-
cally and/or electrically connected to each other. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0047] It will be understood 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 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 of the invention.
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[0048] Spatially relative terms, such as “lower,” “under,”
“above,” “upper” and the like, may be used herein for ease of
description to describe the relationship of one element or
feature 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 figures is turned
over, elements described as “under” or “lower” relative to
other elements or features would then be oriented “above”
relative to 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.

[0049] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
Tt will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used in
this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0050] Embodiments of the invention are described herein
withreference to cross-sectionillustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing.

[0051] 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 invention 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 will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0052] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0053] Hereinafter, the invention will be explained in detail
with reference to the accompanying drawings.

[0054] FIG.1isacross-sectional view illustrating an exem-
plary embodiment of a polarizer according to the invention.
[0055] Referring to FIG. 1, the polarizer includes a sub-
strate 100, an antistatic layer 110 and a metal layer 130.
[0056] The substrate 100 may include a material which has
relatively high transmittance, thermal resistance and chemi-
cal resistance. In one exemplary embodiment, for example,
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the substrate 100 may include at least one selected from glass,
polyethylenenaphthalate, polyethylene terephthalate, and
poly(methyl methacrylate).

[0057] The antistatic layer 110 is disposed on the substrate
100. The antistatic layer 110 may include conductive material
which has a relatively high transmittance. The antistatic layer
110 may include inorganic conductive material, conductive
polymer, transparent conductive material and/or carbon
nanotube (“CNT”). In one exemplary embodiment, for
example, the antistatic layer 110 may include poly(3,4-eth-
ylenedioxythiophene) (“PEDOT”), but is not limited thereto
or thereby. In addition or alternatively, the antistatic layer 110
may include indium tin oxide (“ITO”) and/or indium zinc
oxide (“I1Z0O™).

[0058] As a thickness of the antistatic layer 110 decreases,
an overall thickness of the display panel may be reduced, so
that an overall thickness of a display apparatus including the
display panel may be reduced. In one exemplary embodi-
ment, for example, a thickness of the antistatic layer 110 may
be about 10 angstroms (A) to about 100 A.

[0059] The metal layer 130 is disposed on the antistatic
layer 110. The metal layer 130 has a plurality of protrusions
each having a first width taken parallel to a plane of the
substrate 100. Adjacent protrusions are spaced apart by a
second width also taken parallel to the plane of the substrate
100. The protrusions of the metal layer 130 collectively form
a wire grid pattern of a wire grid polarizer. The metal layer
130 may include a least one selected from aluminum (Al),
gold (Au), silver (Ag), copper (Cu), chrome (Cr), steel (Fe),
and nickel (Ni).

[0060] The metal layer 130 has a wire grid pattern where
light passes, and a reflecting portion where the light is
blocked. Detailed description about this will be mentioned
with respect to FIG. 7.

[0061] The second width may be smaller than a wavelength
of an incident light to polarize the incident light. In one
exemplary embodiment, for example, when the incident light
is a visible light, the wavelength of the incident light is about
400 nanometers (nm) to about 700 nm, so that the second
width may be smaller than about 400 nm. The second width
may be smaller than about 100 nm for better performance, but
is not limited thereto or thereby. The first width of a protrusion
may be smaller than about 100 nm, but is not limited thereto
or thereby. In addition, a thickness of the metal layer 130
taken perpendicular to the plane of the substrate 100 may be
about 100 nm to about 250 nm to improve a transmittance of
polarized light.

[0062] FIG. 2is a cross-sectional view illustrating another
exemplary embodiment of a polarizer according to the inven-
tion.

[0063] Referring to FIG. 2, the polarizer is substantially
same as the polarizer of FIG. 1, except for an insulating layer
220. Thus, any further detailed descriptions concerning the
same elements will be omitted.

[0064] The polarizer includes a substrate 200, an antistatic
layer 210, the insulating layer 220 and a metal layer 230.
[0065] The substrate 200 may include a material which has
relatively high transmittance, thermal resistance and chemi-
cal resistance. In one exemplary embodiment, for example
the substrate 200 may include at least one selected from glass,
polyethylenenaphthalate, polyethylene terephthalate, and
poly(methyl methacrylate).

[0066] The antistatic layer 210 is disposed on the substrate
200. The antistatic layer 210 may include conductive material
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which has relatively high transmittance. The antistatic layer
210 may include inorganic conductive material, conductive
polymer, transparent conductive material and/or CNT. In one
exemplary embodiment, for example, the antistatic layer 210
may include PEDOT. In addition or alternatively, the anti-
static layer 210 may include ITO and/or IZO.

[0067] As a thickness of the antistatic layer 210 decreases,
an overall thickness of the display panel may be reduced, so
that an overall thickness of a display apparatus including the
display panel may be reduced. In one exemplary embodi-
ment, for example, thickness of the antistatic layer 210 may
be about 10 A to about 100 A.

[0068] Theinsulating layer 220 is disposed on the antistatic
layer 210. The insulating layer 220 insulates the metal layer
230 from the antistatic layer 210, and a circuit pattern includ-
ing a thin film transistor (refer to FIG. 7) from the antistatic
layer 210. The insulating layer 220 may include any of a
number of organic materials. The insulating layer 220 may
have a sufficient thickness to insulate the metal layer 230 and
the circuit pattern from the antistatic layer 210. In one exem-
plary embodiment, for example, a thickness of the insulating
layer 220 may be about 1 micrometers (um) to about 3 um.
[0069] The metal layer 230 is disposed on the insulating
layer 220. The metal layer 230 has a plurality of protrusion
each having a first width. Adjacent protrusions are spaced
apart by a second width. The protrusions of the metal layer
230 collectively form a wire grid pattern. The metal layer 230
may include at least one selected from aluminum (Al), gold
(Au), silver (Ag), copper (Cu), chrome (Cr), steel (Fe), and
nickel (Ni).

[0070] The second width may be smaller than a wavelength
of an incident light to polarize the incident light. In one
exemplary embodiment, for example, when the incident light
is a visible light, the wavelength of the incident light is about
400 nm to about 700 nm, so that the second width may be
smaller than about 400 nm. The second width may be smaller
than about 100 nm for better performance. The first width of
a protrusion may be smaller than about 100 nm. In addition, a
thickness of the metal layer 230 may be about 100 nm to about
250 nm to improve a transmittance of polarized light.

[0071] FIGS. 3A to 31 are cross-sectional views illustrating
an exemplary embodiment of a method of manufacturing the
polarizer of FIG. 1

[0072] Referring to FIG. 3A, an antistatic layer 110 is
formed, e.g., provided, on a substrate 100. The substrate 100
may include a material which has relatively high transmit-
tance, thermal resistance and chemical resistance. In one
exemplary embodiment, for example the substrate 100 may
include at least one selected from glass, polyethylenenaph-
thalate, polyethylene terephthalate, and poly(methyl meth-
acrylate).

[0073] The antistatic layer 110 may include conductive
material which has relatively high transmittance. The anti-
static layer 110 may include inorganic conductive material,
conductive polymer, transparent conductive material and/or
CNT. In one exemplary embodiment. for example, the anti-
static layer 110 may include PEDOT. In addition or alterna-
tively, the antistatic layer 110 may include ITO and/or IZO.
[0074] When the antistatic layer 110 includes the conduc-
tive polymer, the antistatic layer 110 may be formed by a spin
coating process, but is not limited thereto or thereby. When
the antistatic layer 110 includes the PEDOT, the antistatic
layer 110 may be formed by a printing process or an inkjet
printing process, but is not limited thereto or thereby. When
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the antistatic layer 110 includes the ITO and/or 170, the
antistatic layer 110 may be formed by a sputtering process,
but is not limited thereto or thereby.

[0075] Referring to FIG. 3B, ametal layer 130 is formed on
the antistatic layer 110. The metal layer 130 may include at
least one selected from aluminum (Al), gold (Au), silver
(Ag), copper (Cu), chrome (Cr), steel (Fe), and nickel (Ni).
The metal layer 130 may be formed by a deposition process,
but is not limited thereto or thereby. In one exemplary
embodiment, for example, the metal layer 130 may be formed
by a chemical vapor deposition. A thickness of the metal layer
130 may be about 100 nm to about 200 nm. In one exemplary
embodiment, the thickness of the metal layer 130 may be
about 150 nm.

[0076] The thickness of the metal layer 130 may be deter-
mined in accordance with a size of a wire grid pattern which
will be mentioned later. Considering a gap of the wire grid
pattern for polarizing and strength of a wire grid structure
including the wire grid pattern, the thickness of the metal
layer 130 may be three times larger than the second width
between adjacent protrusions of the metal layer 130.

[0077] Referring to FIG. 3C, a mask layer 140 is formed on
the metal layer 130. The mask layer 140 may include silicon
oxide (Si0x), but is not limited thereto or thereby. In one
exemplary embodiment, forexample, the mask layer 140 may
include a silicon dioxide. The mask layer 140 may be formed
by a deposition process, but is not limited thereto or thereby.
In one exemplary embodiment, for example, the mask layer
140 may be formed by a chemical vapor deposition.

[0078] Referring to FIG. 3D, a photoresist PR is formed on
the mask layer 140. The photoresist PR corresponds to a
reflecting portion where the wire grid pattern is not formed.
The photoresist PR may be formed by forming a photoresist
layer on the mask layer 140 and patterning the photoresist
layer such as by a photolithography.

[0079] Referring FIG. 3E, ablock copolymer 150 including
a first block and a second block is formed on the mask layer
140 having the photoresist PR thereon. The block copolymer
150 is heated to form a lamella structure by arrangement of
the first and second blocks.

[0080] Self-assembling of the block copolymer 150
includes the growing of a first lamella domain of one of the
first and second blocks, and the growing of a second lamella
domain of one of the first and second blocks in a different
position than the first lamella domain.

[0081] The block copolymer 150 may include at least one
selected from poly(styrene-b-methylmethacrylate) (“PS-b-
PMMA”), poly(styrene-b-butadiene) (“PS-b-PB”), poly(sty-
rene-b-isoprene)  (“PS-b-PI”), poly(styrene-b-ethylene)
(“PS-b-PE”), poly(styrene-b-ethyleneoxide) (“PS-b-PEO”),
poly(styrene-b-ferrocenyldimethylsilane) ~ (“PS-b-PFS”),
poly(styrene-b-(2-vinylpyridine)) (“PS-b-P2VP”), and poly
(styrene-b-dimethylsiloxane) (“PS-b-PDMS”). In addition, a
molecular weight, e.g., a weight average molecular weight, of
the block copolymer 150 may be about 10,000 kilograms per
mole (kg/mol) to about 300,000 kg/mol.

[0082] Asanexample, PS-b-PMMA, which is a symmetri-
cal diblock copolymer (hereinafter, block copolymer) has a
molecular weight of 52,000 kg/mol with lamellar spacing of
48 nm. Alternatively, the block copolymer 150 is not limited
to above mentioned materials, may be various materials to
form the lamella structure.

[0083] A heat treatment temperature of the block copoly-
mer 150 for self-assembly may be above a glass transition
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temperature of the block copolymer 150 such that the block
copolymer 150 has liquidity, and under a thermal decompo-
sition temperature of the block copolymer 150. In one exem-
plary embodiment, for example, PS-b-PMMA may be self-
assembled over about 100 degrees Celsius (° C.), but self-
assembling may take long time at a relatively low temperature
such as 100° C. When a higher heat treatment temperature of
about 250° C. is used in a vacuum atmosphere without oxy-
gen, a flow of molecules may be smoother and quicker. Thus,
self-assembling may be evenly processed and completed in
relatively short time when a higher heat treatment tempera-
ture is used.

[0084] Before the heat treatment, molecules of the first
block and the second block of the block copolymer 150 are
disorderly distributed. After the heat treatment begins, the
molecules move and form a more orderly distributed specific
pattern. Thus, the first blocks form a specific pattern, and the
second blocks form a specific pattern. The first and second
blocks of the block copolymer 150 collectively form the
lamella structure.

[0085] Referring to FIG. 3F, a pattern 152 is formed by
removing one of the first and second blocks of the block
copolymer 150. The one of the first and second blocks may be
removed by a dry etching or a wet etching, but is not limited
thereto or thereby. When the block copolymer 150 includes
PS-b-PMMA, after ultraviolet-ozone treatment (“UVO”), the
block copolymer 150 may be dry-etched using an acetic acid
solution. In addition, a PMMA block may be selectively
removed by using dry etching such as O2 plasma etching.

[0086] Referring to FIG. 3G, a portion of the mask layer
140 is exposed by the pattern 152. The exposed portion of the
mask layer 140 is removed. The mask layer 140 may be
removed by dry etching, but is not limited thereto or thereby.
The exposed portion of the mask layer 140 is removed, so that
a portion of the metal layer 130 is exposed.

[0087] Referring to F1G. 3H, the portion of the metal layer
130 which is exposed is removed. The exposed portion of the
metal layer 130 is removed, so that a wire grid pattern is
formed. A size of the wire grid pattern may be adjusted by
controlling a thickness of the metal layer 130, and of the first
and second blocks of the block copolymer 150. The exposed
portion of the metal layer 130 may be removed by dry etching.

[0088] Referring to FIG. 31, the photoresist PR, the pattern
152 and the mask layer 140 are removed. The photoresist PR,
the pattern 152 and the mask layer 140 may be removed by
dry etching or wet etching, but is not limited thereto or
thereby. In addition, the photoresist PR, the pattern 152 and
the mask layer 140 may be removed sequentially or at sub-
stantially a same time.

[0089] FIGS. 4A to 4G are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
the polarizer of F1G. 2.

[0090] Referring to FIG. 4A, an antistatic layer 210 is
formed on a substrate 200. An insulating layer 220 is formed
on the antistatic layer 210. A metal layer 230 is formed on the
insulating layer 220. A mask layer 240 is formed on the metal
layer 230.

[0091] The substrate 200 may include a material which has
relatively high transmittance, thermal resistance and chemi-
cal resistance. In one exemplary embodiment, for example,
the substrate 200 may include at least one selected from glass,
polyethylenenaphthalate, polyethylene terephthalate, and
poly(methyl methacrylate).
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[0092] The antistatic layer 210 is disposed on the substrate
200. The antistatic layer 210 may include conductive material
which has a relatively high transmittance. The antistatic layer
210 may include inorganic conductive material, conductive
polymer, transparent conductive material and/or CNT. In one
exemplary embodiment, for example, the antistatic layer 210
may include PEDOT. In addition or alternatively, the anti-
static layer 210 may include indium ITO and/or IZO.

[0093] When the antistatic layer 210 includes the conduc-
tive polymer, the antistatic layer 210 may be formed by a spin
coating process. When the antistatic layer 210 includes the
PEDOT, the antistatic layer 210 may be formed by a printing
process or an inkjet printing process. When the antistatic
layer 210 includes the ITO and/or IZ0, the antistatic layer 110
may be formed by a sputtering process.

[0094] The insulating layer 220 insulates the metal layer
230 from the antistatic layer and a circuit pattern including a
thin film transistor (refer to FIG. 7) from the antistatic layer
210. The insulating layer 220 may include any of a number of
organic materials. The insulating layer 220 may have a suffi-
cient thickness to insulate the metal layer 230 and the circuit
pattern from the antistatic layer 210. In one exemplary
embodiment, for example, the thickness of the insulating
layer 220 may be about 1 um to about 3 um. The insulating
layer 220 may be formed by a deposition, but it not limited
thereto or thereby. In one exemplary embodiment, for
example, the insulating layer 220 may be formed by a chemi-
cal vapor deposition.

[0095] The metal layer 230 may include at least one
selected from aluminum (Al), gold (Au), silver (Ag), copper
(Cu), chrome (Cr), steel (Fe), and nickel (Ni). The metal layer
230 may be formed by a deposition process. In one exemplary
embodiment, for example, the metal layer 130 may be formed
by a chemical vapor deposition. A thickness of the metal layer
230 may be about 100 nm to about 200 nm. In one exemplary
embodiment, the thickness of the metal layer 230 may be
about 150 nm.

[0096] The thickness of the metal layer 230 may be deter-
mined in accordance with a size of a wire grid pattern which
will be mentioned later. Considering a gap of the wire grid
pattern for polarizing and strength of a wire grid structure
including the wire grid pattern, the thickness of the metal
layer 230 may be three times larger than the second width
between adjacent protrusions of the metal layer 230.

[0097] The mask layer 240 may include silicon oxide
(8i0x). In one exemplary embodiment, for example, the
mask layer 240 may include a silicon dioxide. The mask layer
240 may be formed by a deposition process. In one exemplary
embodiment, for example, the mask layer 240 may be formed
by a chemical vapor deposition.

[0098] Referring to FIG. 4B, a photoresist PR is formed on
the mask layer 240. The photoresist PR corresponds to a
reflecting portion where the wire grid pattern is not formed.
The photoresist PR may be formed by forming a photoresist
layer on the mask layer 240 and patterning the photoresist
layer such as by a photolithography.

[0099] Referring to FIG. 4C, a block copolymer 250
including a first block and a second block is formed on the
mask layer 240 having the photoresist PR thereon. The block
copolymer 250 is heated to form a lamella structure by
arrangement of the first and second blocks.

[0100] Self-assembling of the block copolymer 250
includes the growing of a first lamella domain of one of the
first and second blocks, and the growing of another lamella
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domain of one of the first and second blocks in a different
position than the first lamella domain.

[0101] The block copolymer 250 may include at least one
selected from PS-b-PMMA, PS-b-PB, PS-b-PI, PS-b-PE, PS-
b-PEO, PS-b-PFS, PS-b-P2VP, and PS-b-PDMS. In addition,
a molecular weight, e.g., a weight average molecular weight,
of the block copolymer 250 may be about 10,000 kg/mol to
about 300,000 kg/mol.

[0102] Asanexample, PS-b-PMMA, which is a symmetri-
cal diblock copolymer (hereinafter, block copolymer) has a
molecular weight of 52,000 kg/mol with lamellar spacing of
48 nm. Alternatively, the block copolymer 250 is not limited
to above mentioned materials, may be various materials to
form the lamella structure.

[0103] A heat treatment temperature of the block copoly-
mer 250 for self-assembly may be above a glass transition
temperature of the block copolymer 250 such that the block
copolymer 250 has liquidity, and under a thermal decompo-
sition temperature of the block copolymer 250. In one exem-
plary embodiment, for example, PS-b-PMMA may be self-
assembled over about 100° C., but self-assembling may take
long time at a relatively low temperature such as 100° C.
When heat treatment temperature of about 250° C. high is
used in a vacuum atmosphere without oxygen, a flow of
molecules may be smoother and quicker. Thus, self-assem-
bling may be evenly processed and completed in relatively
short time when a higher heat treatment temperature is used.

[0104] Before the heat treatment, molecules of the first
block and the second block of the block copolymer 250 are
disorderly distributed. After the heat treatment begins, the
molecules move and form a more orderly distributed specific
pattern. Thus, the first blocks form a specific pattern, and the
second blocks form a specific pattern. The first and second
blocks of the block copolymer 250 collectively form the
lamella structure.

[0105] Referring to FIG. 4D, a pattern 252 is formed by
removing one of the first and second blocks of the block
copolymer 250. The one of the first and second blocks may be
removed by a dry etching or a wet etching. When the block
copolymer 250 includes PS-b-PMMA, after UVOQ, the block
copolymer 250 may be dry-etched using an acetic acid solu-
tion. In addition, a PMMA block may be selectively removed
by using dry etching such as O2 plasma etching.

[0106] Referringto FIG.4E, aportion ofthe mask layer 240
is exposed by the pattern 252. The exposed portion of the
mask layer 240 is removed. The mask layer 240 may be
removed by dry etching. The exposed portion of the mask
layer 240 is removed, so that a portion of the metal layer 230
is exposed.

[0107] Referring to FIG. 4F, the portion of the metal layer
230 which is exposed is removed. The exposed portion of the
metal layer 230 is removed, so that a wire grid pattern is
formed. A size of the wire grid pattern may be adjusted by
controlling a thickness of the metal layer 230, and of the first
and second blocks of the block copolymer 250. The exposed
portion of the metal layer 230 may be removed by dry etching.

[0108] Referring to FIG. 4G, the photoresist PR, the pattern
252 and the mask layer 240 are removed. The photoresist PR,
the pattern 252 and the mask layer 240 may be removed by
dry etching or wet etching. In addition, the photoresist PR, the
pattern 252 and the mask layer 140 may be removed sequen-
tially or at substantially a same time.
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[0109] FIG. 5isacross-sectional view illustrating an exem-
plary embodiment of a display panel according to the inven-
tion.

[0110] The display panel includes an array substrate, an
opposite substrate facing the array substrate, and a liquid
crystal layer LC disposed between the array substrate and the
opposite substrate.

[0111] The array substrate includes a first substrate 300, a
first antistatic layer 310, a first metal layer 330, a first insu-
lating layer 360, a gate insulation layer 370, a thin film tran-
sistor TFT, a protecting layer 380 and a first electrode EL1.
[0112] The first substrate 300 may include a material which
has relatively high transmittance, thermal resistance and
chemical resistance. In one exemplary embodiment, for
example, the first substrate 300 may include at least one
selected from glass, polyethylenenaphthalate, polyethylene
terephthalate, and poly(methyl methacrylate).

[0113] The first antistatic layer 310 is disposed on the first
substrate 300. The first antistatic layer 310 may include con-
ductive material which has a relatively high transmittance.
The first antistatic layer 310 may include inorganic conduc-
tive material, conductive polymer, transparent conductive
material and/or CNT. In one exemplary embodiment, for
example, the first antistatic layer 310 may include PEDOT. In
addition or alternatively, the first antistatic layer 310 may
include ITO and/or IZO.

[0114] As a thickness of the first antistatic layer 310
decreases, an overall thickness of the display panel may be
reduced, so that an overall thickness of a display apparatus
including the display panel may be reduced. In one exemplary
embodiment, for example, a thickness of the first antistatic
layer 310 may be about 10 A to about 100 A.

[0115] The first metal layer 330 is disposed on the first
antistatic layer 310. The first metal layer 330 includes a polar-
izing portion 332 and a reflecting portion 334.

[0116] Light passes through the polarizing portion 332. The
polarizing portion 332 includes a plurality of protrusions each
having a first width. Adjacent protrusions are spaced apart by
a second width. The protrusions collectively form a wire grid
pattern.

[0117] The reflecting portion 334 reflects the light to
improve a light-efficiency of the display panel. The reflecting
portion 334 corresponds to a circuit pattern including the thin
film transistor.

[0118] The first metal layer 330 may include at least one
selected from aluminum (Al), gold (Au), silver (Ag), copper
(Cu), chrome (Cr), steel (Fe), and nickel (Ni).

[0119] The first insulating layer 360 is disposed on the first
metal layer 330 and the first antistatic layer 310. The first
insulating layer 360 may include silicon oxide (SiOx).
[0120] A gateelectrode GE and a gate line (not shown) are
disposed on the first insulating layer 360.

[0121] The gate insulation layer 370 is disposed on the first
insulating layer 360 including the gate electrode GE and the
gate line thereon. The gate insulation layer 370 may include
inorganic material, such as silicon nitride (SiNx) and/or sili-
con oxide (SiOx), but is not limited thereto or thereby.
[0122] A channel layer CH overlapping with the gate elec-
trode GE is disposed on the gate insulation layer 370.
[0123] The channel layer CH may include a semiconductor
layer consisting of amorphous silicon (“a-Si:H”) and an
ohmic contact layer consisting of n+ amorphous silicon (“n+
a-Si:H”). In addition or alternatively, the channel layer CH
may include an oxide semiconductor. The oxide semiconduc-
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tor may include an amorphous oxide including at least one
selected from indium (In), zinc (Zn), gallium (Ga), tin (Sn),
and hafnium (Hf). In one exemplary embodiment, the oxide
semiconductor may consist of an amorphous oxide including
at least one selected from indium (In), zinc (Zn), and gallium
(Ga), or an amorphous oxide including at least one selected
from indium (In), zinc (Zn) and hafnium (Hf). The oxide
semiconductor may include an oxide such as indium zinc
oxide (e.g.. “InZn0”), indium gallium oxide (e.g., “InGa0”),
indium tin oxide (e.g., “InSnO”), zinc tin oxide (e.g.,
“ZnSn0”), gallium tin oxide (e.g., “GaSn0”), and gallium
zine oxide (e.g., “GaZnO”).

[0124] A source electrode SE and a drain electrode DE are
disposed on the channel layer CH. The source electrode SE is
electrically connected to a dataline (not shown), and the drain
electrode DE is electrically connected to the first electrode
EL1 through a contact hole CNT which extends through the
protecting layer 380.

[0125] The gate electrode GE, the source electrode SE, the
drain electrode DE and the channel layer CH form the thin
film transistor TFT.

[0126] The protecting layer 380 is disposed on the thin film
transistor TFT. The protecting layer 380 may include inor-
ganic material such as silicon oxide (SiOx) and/or silicon
nitride (SiNx), but is not limited thereto or thereby. In addi-
tion, the protecting layer 380 may include organic insulating
material having relatively low permittivity. In addition or
alternatively, the protecting layer 380 may have a double
layer structure of including an inorganic and an organic insu-
lating layer. The protecting layer 380 includes the contact
hole CNT exposing a portion of the drain electrode DE.
[0127] Thefirst electrode EL1 is disposed on the protecting
layer 380. The first electrode EL1 is electrically connected to
the drain electrode DE through the contact hole CNT. The first
electrode EL1 may have a slit pattern having a plurality of
openings. The first electrode EL1 may include a transparent
conductive material, such as ITO, IZO and the like.

[0128] The opposite substrate includes a second substrate
400, ablack matrix BM, a color filter CF, an over coating layer
410, a second electrode EL.2 and an upper polarizer 420.
[0129] The second substrate 400 faces the first substrate
300. The substrate 400 may include a material which has
relatively high transmittance, thermal resistance and chemi-
cal resistance. In one exemplary embodiment, for example
the substrate 400 may include at least one selected from glass,
polyethylenenaphthalate, polyethylene terephthalate, and
poly(methyl methacrylate).

[0130] The black matrix BM is disposed under the second
substrate 400. The black matrix BM corresponds to an area
excluding a pixel area, and blocks light. Thus, the black
matrix BM overlaps with the data line, the gate line and the
thin film transistor TET.

[0131] The color filter CF is disposed under the black
matrix BM and the second substrate 400. The color filter CF
colors the light passing through the liquid crystal layer LC.
The color filter CF may include a red color filter, a green color
filter and blue color filter, but is not limited thereto or thereby.
The color filter CF corresponds to the pixel area. The display
panel may include a plurality of pixel areas and a plurality of
color filters CF. Adjacent color filters may have different
colors from each other. A color filter CF may be overlapped
with an adjacent color filter CF ina boundary ofthe pixel area,
or the color filter CF may be spaced apart from the adjacent
color filter CF in the boundary of the pixel area.
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[0132] The over coating layer 410 is disposed under the
color filter CF and the black matrix BM. The over coating
layer 410 planarizes, protects and insulates the color filter CF.
The over coating layer 410 may include acrylic epoxy, but is
not limited thereto or thereby.

[0133] The second electrode EL2 corresponds to the pixel
area, and is disposed between the over coating layer 410 and
the liquid crystal layer LC. The second electrode EL.2 is
electrically connected to a common line (not shown) of a
display apparatus. The second electrode EL.2 may have a shit
pattern having a plurality of openings. The second electrode
EL2 may include a transparent conductive material, such as
ITO, 170 and the like.

[0134] The upper polarizer 420 is disposed on the second
substrate 400. The upper polarizer 420 may be any one of a
number of absorbing polarizers and further description is
omitted for convenience.

[0135] The liquid crystal layer LC is disposed between the
array substrate and the opposite substrate. The liquid crystal
layer LC includes liquid crystal molecules having optical
anisotropy. The liquid crystal molecules are driven by electric
field, so that an image is displayed by passing or blocking
light through the liquid crystal layer LC.

[0136] FIG. 6is a cross-sectional view illustrating another
exemplary embodiment of a display panel according to the
invention.

[0137] Referring to FIG. 6, the display panel is substan-
tially the same as the display panel of FIG. 5, except for an
opposite substrate. Thus, any further detailed descriptions
concerning the same elements will be omitted.

[0138] Referring to FIG. 6, the display panel includes an
array substrate, an opposite substrate facing the array sub-
strate, and a liquid crystal layer LC disposed between the
array substrate and the opposite substrate.

[0139] The array substrate includes a first substrate 500, a
first antistatic layer 510, a first metal layer 530 including a
polarizing portion 532 and a reflecting portion 534, a first
insulating layer 560, a gate insulation layer 570, a thin film
transistor TFT, a protecting layer 580 and a first electrode
EL1.

[0140] The opposite substrate includes a second substrate
600, a second antistatic layer 610, a second metal layer 630,
ablack matrix BM, a color filter CF, an over coating layer 660
and a second electrode EL2.

[0141] The second substrate 600 faces the first substrate
500. The substrate 600 may include a material which has
relatively high transmittance, thermal resistance and chemi-
cal resistance. In one exemplary embodiment, for example
the substrate 600 may include at least one selected from glass,
polyethylenenaphthalate, Polyethylene terephthalate, and
poly(methyl methacrylate).

[0142] Thesecond antistatic layer 6101s disposed under the
substrate 600. The second antistatic layer 610 may include
conductive material which has a relatively high transmit-
tance. The second antistatic layer 610 may include inorganic
conductive material, conductive polymer, transparent con-
ductive material and/or CNT. In one exemplary embodiment,
for example, the second antistatic layer 610 may include
PEDOT. In addition or alternatively, the second antistatic
layer 610 may include ITO and/or IZO.

[0143] As a thickness of the second antistatic layer 610
decreases, an overall thickness of the display panel may be
reduced, so that an overall thickness of a display apparatus
including the display panel may be reduced. In one exemplary
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embodiment, for example, a thickness of the second antistatic
layer 610 may be about 10 A to about 100 A.

[0144] The second metal layer 630 is disposed under the
second antistatic layer 610. The second metal layer 630
includes a plurality of protrusion each having a first width.
Adjacent protrusions are spaced apart by a second width. The
protrusions collectively form a wire grid pattern. The second
metal layer 630 may include at least one selected from (Al),
gold (Au), silver (Ag), copper (Cu), chrome (Cr), steel (Fe),
and nickel (Ni).

[0145] The black matrix BM is disposed under the second
antistatic layer 610. The black matrix BM corresponds to an
area excluding the pixel area, and blocks light. Thus, the black
matrix BM overlaps with the data line, the gate line and the
thin film transistor TFT. The black matrix BM and the second
metal layer 630 may include a same material and/or may be in
a same layer of the opposite substrate of the display panel.

[0146] The color filter CF is disposed under the second
metal layer 630. The color filter CF colors the light passing
through the liquid crystal layer LC. The color filter CF may
include a red color filter, a green color filter and blue color
filter. The color filter CF corresponds to the pixel area. The
display panel may include a plurality of pixel areas and a
plurality of color filters CF. Adjacent color filters may have
different colors. A color filter CF may be overlapped with
adjacent color filter CF in a boundary of the pixel area, or the
color filter CF may be spaced apart from the adjacent color
filter CF in the boundary of the pixel area.

[0147] The over coating layer 660 is disposed under the
color filter CF and the black matrix BM. The over coating
layer 660 planarizes, protects and insulates the color filter CF.
The over coating layer 660 may include acrylic epoxy.

[0148] The second electrode EL2 corresponds to the pixel
area, and is disposed between the over coating layer 660 and
the liquid crystal layer LC. The second electrode ELL2 may
include a transparent conductive material, such as ITO, IZO
and the like.

[0149] FIG. 7 is a cross-sectional view illustrating still
another exemplary embodiment of a display panel according
to the invention.

[0150] Referring to FIG. 7, the display panel includes an
array substrate, an opposite substrate facing the array sub-
strate, and a liquid crystal layer LC disposed between the
array substrate and the opposite substrate.

[0151] The array substrate includes a first substrate 700, a
first antistatic layer 710, a first insulating layer 720, a first
metal layer 730, a second insulation layer 760, a gate insula-
tion layer 770, a thin film transistor TFT, a protecting layer
780 and a first electrode EL1.

[0152] The first substrate 700 may include a material which
has relatively high transmittance, thermal resistance and
chemical resistance. In one exemplary embodiment, for
example, the first substrate 700 may include at least one
selected from glass, polyethylenenaphthalate, polyethylene
terephthalate, and poly(methyl methacrylate).

[0153] The first antistatic layer 710 is disposed on the first
substrate 700. The first antistatic layer 710 may include con-
ductive material which has a relatively high transmittance.
The first antistatic layer 710 may include inorganic conduc-
tive material, conductive polymer, transparent conductive
material and/or CNT. In one exemplary embodiment, for
example, the first antistatic layer 710 may include PEDOT. In
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addition or alternatively, the first antistatic layer 310 may 1TO
and/or IZO. A thickness of the first antistatic layer 710 may be
about 10 A to about 100 A.

[0154] The first insulating layer 720 is disposed on the first
antistatic layer 710. The first insulating layer 720 insulates the
first metal layer 730 from the first antistatic layer 710 and a
circuit pattern including a thin film transistor (refers to FIG.
7) from the first antistatic layer 710. The first insulating layer
720 may include any of a number of organic materials. The
first insulating layer 720 may have a sufficient thickness to
insulate the first metal layer 730 and the circuit pattern from
the first antistatic layer 710. In one exemplary embodiment,
for example, the thickness of the first insulating layer 720
may be about 1 pm to 3 about um.

[0155] The first metal layer 730 is disposed on the first
insulating layer 720. The first metal layer 730 includes a
polarizing portion 732 and a reflecting portion 734.

[0156] Light passes through the polarizing portion 732. The
polarizing portion 732 includes a plurality of protrusions each
having a first width. Adjacent protrusions spaced apart by a
second width. The protrusions collectively form a wire grid
pattern.

[0157] The reflecting portion 734 reflects the light to
improve a light-efficiency of the display panel. The reflecting
portion 734 corresponds to a circuit pattern including the thin
film transistor.

[0158] The first metal layer 730 may include at least one
selected from aluminum (Al), gold (Au), silver (Ag), copper
(Cu), chrome (Cr), steel (Fe), and nickel (Ni).

[0159] The second insulation layer 760 is disposed on the
first metal layer 730 and the first insulating layer 720. The
second insulation layer 760 may include silicon oxide (Si0x).

[0160] A gateelectrode GE and a gate line (not shown) are
disposed on the second insulation layer 760.

[0161] The gate insulation layer 770 is disposed on the
second insulation layer 760 including the gate electrode GE
and the gate line thereon The gate insulation layer 770 may
include inorganic material, such as silicon nitride (SiNx)
and/or silicon oxide (SiOx).

[0162] A channel layer CH overlapping with the gate elec-
trode GE is disposed on the gate insulation layer 770.

[0163] Thechannel layer CH may include a semiconductor
layer consisting of a-Si:H and an ohmic contact layer consist-
ing of n+ a-Si:H. In addition or alternatively, the channel layer
CH may include an oxide semiconductor. The oxide semi-
conductor may include an amorphous oxide including at least
one selected from indium (In), zinc (Zn), gallium (Ga), tin
(Sn), and hafnium (Hf). In one exemplary embodiment, the
oxide semiconductor may consist of an amorphous oxide
including indium (In), zinc (Zn), and gallinm (Ga), or an
amorphous oxide including indium (In), zinc (Zn), and
hafnium (Hf). The oxide semiconductor may include anoxide
such as indium zinc oxide (e.g., “InZn0”), indium gallium
oxide (e.g., “InGa0”), indium tin oxide (e.g., “InSn0”), zinc
tin oxide (e.g., “ZnSn0”), gallium tin oxide (e.g., “GaSn0”),
and gallium zinc oxide (e.g., “GaZnO”).

[0164] A source electrode SE and a drain electrode DE are
disposed on the channel layer CH. The source electrode SE is
electrically connected to a data line (not shown), and the train
electrode DE is electrically connected to the first electrode
EL1 through a contact hole CNT which extends through the
protecting layer 780.
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[0165] The gate electrode GE, the source electrode SE, the
drain electrode DE and the channel layer CH form the thin
film transistor TFT.

[0166] The protecting layer 780 is disposed on the thin film
transistor TFT. The protecting layer 780 may include inor-
ganic material such as silicon oxide (Si0x) and/or silicon
nitride (SiNx). In addition, the protecting layer 780 may
include organic insulating material having relatively low per-
mittivity. In addition or alternatively, the protecting layer 780
may have a double layer structure of inorganic and organic
insulating layers. The protecting layer 780 includes the con-
tact hole CNT exposing a portion of the drain electrode DE.
[0167] Thefirstelectrode EL1 is disposed on the protecting
layer 780. The first electrode EL1 is electrically connected to
the drain electrode DE through the contact hole CNT. The first
electrode EL1 may have a slit pattern having a plurality of
openings. The first electrode EL1 may include a transparent
conductive material, such as ITO, IZO and the like.

[0168] The opposite substrate includes a second substrate
800, a second antistatic layer 810, a third insulating layer 8§20,
asecond metal layer 830, a black matrix BM, a color filter CF,
an over coating layer 860 and a second electrode EL2.
[0169] The second substrate 800 faces the first substrate
700. The substrate 800 may include a material which has
relatively high transmittance, thermal resistance and chemi-
cal resistance. In one exemplary embodiment, for example
the substrate 800 may include at least one selected from glass,
polyethylenenaphthalate, Polyethylene terephthalate, and
poly(methyl methacrylate).

[0170] Thesecondantistatic layer 810 is disposed under the
substrate 800. The second antistatic layer 810 may include
conductive material which has a relatively high transmit-
tance. The second antistatic layer 810 may include inorganic
conductive material, conductive polymer, transparent con-
ductive material and/or CNT. In one exemplary embodiment,
for example, the second antistatic layer 810 may include
PEDOT. In addition or alternatively, the second antistatic
layer 810 may include ITO and/or 1ZO. A thickness of the
second antistatic layer 810 may be about 10 A to about 100 A,
[0171] The third insulating layer 820 is disposed under the
second antistatic layer 810. The third insulating layer 820
insulates elements on an inside of the display panel from the
second antistatic layer 810. The third insulating layer 820
may include any of a number of organic materials. The third
insulating layer 820 may have a sufficient thickness to insu-
late the inner elements of the display panel from the second
antistatic layer 810. In one exemplary embodiment, for
example, the thickness of the third insulating layer 820 may
be about 1 um to about 3 pm.

[0172] The second metal layer 830 is disposed under the
third insulating layer 820. The second metal layer 830
includes a plurality of protrusion each having a first width.
Adjacent protrusions are spaced apart from each other by a
second width. The protrusions collectively form a wire grid
pattern. The second metal layer 830 of the opposite substrate
may be disposed only an area through which light passes.
[0173] The black matrix BM is also disposed under the
third insulating layer 820. The black matrix BM corresponds
to an area excluding the pixel area, and blocks light. Thus, the
black matrix BM overlaps with the data line, the gate line and
the thin film transistor TFT. The black matrix BM and the
second metal layer 830 may include a same material and/or
may be in a same layer of the opposite substrate of the display
panel.
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[0174] The color filter CF is disposed under the second
metal layer 830. The color filter CF colors the light passing
through the liquid crystal layer LC. The color filter CF may
include a red color filter, a green color filter and blue color
filter. The color filter CF corresponds to the pixel area. The
display panel may include a plurality of pixel areas and a
plurality of color filters CF. Adjacent color filters may have
different colors. A color filter CF may be overlapped with an
adjacent color filter CF in a boundary of the pixel area, or the
color filter CF may be spaced apart from the adjacent color
filter CF in the boundary of the pixel area.

[0175] The over coating layer 860 is disposed under the
color filter CF and the black matrix BM. The over coating
layer 860 planarizes, protects and insulates the color filter CF.
The over coating layer 860 may include acrylic epoxy.
[0176] The second electrode EL2 corresponds to the pixel
area, and is disposed between the over coating layer 860 and
the liquid crystal layer LC. The second electrode E1.2 may
include a transparent conductive material, such as ITO, IZO
and the like.

[0177] The liquid crystal layer LC is disposed between the
array substrate and the opposite substrate. The liquid crystal
layer LC includes liquid crystal molecules having optical
anisotropy. The liquid crystal molecules are driven by electric
field, so that an image is displayed by passing or blocking
light through the liquid crystal layer LC.

[0178] FIG. 8isa cross-sectional view illustrating an exem-
plary embodiment of a display apparatus according to the
invention.

[0179] Referring to FIG. 8, the display apparatus includes a
top chassis 910, a bottom chassis 920, a mold frame 930, a
display panel 940, an optical element 950 and a backlight
assembly 960.

[0180] The top chassis 910 and the bottom chassis 920
receive the mold frame 930, the display panel 940, the optical
element 950 and the backlight assembly 960.

[0181] The display panel 940 may be substantially same as
any one of the display panels of FIGS. 5to 7. Thus, any further
detailed descriptions concerning the same elements will be
omitted.

[0182] Themold frame 930 supports the display panel 940,
the optical element 950 and the backlight assembly 960. The
display panel 940 is spaced apart from the optical element 950
and the backlight assembly 960 by the mold frame 930.
[0183] The optical element 950 is disposed under the dis-
play panel 940, and spaced apart from the display panel 940.
The optical element 950 may increase uniformity of a bright-
ness of light from the backlight assembly 960. The optical
element 950 may include one or more optical sheets. In one
exemplary embodiment, for example, the optical element 950
may include a protecting sheet, a prism sheet and a diffusion
sheet, but is not limited thereto or thereby. In addition or
alternatively, the optical element 950 may have variety of
sheets.

[0184] Since the display panel 940 may include a first anti-
static layer (refer to 310 of FIG. 5), static electricity from the
display panel 940 may not inflow into a liquid crystal layer
(refers to LC of FIG. 5). Thus, a spot on the display panel
undesirably caused by the static electricity may be reduced or
effectively prevented.

[0185] Inaddition, since the display panel 940 may include
a second antistatic layer (refers to 610 of FIG. 6), static
electricity from the display panel 940 may not inflow into a
liquid crystal layer (refers to LC of FIG. 6). Thus, aspot on the
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display panel undesirably caused by the static electricity may
be reduced or effectively prevented.
[0186] The backlight assembly 960 is disposed under the
optical element 950. The backlight assembly 960 generates
the light, and supplies the light to the display panel 940.
[0187] According to one or more exemplary embodiment
of the invention, a polarizer includes an antistatic layer, so
that inflow of static electricity into a display panel may be
reduced or effectively prevented.
[0188] In addition, since the display panel includes the
polarizer having the antistatic layer, inflow of static electricity
into a liquid crystal layer caused from an optical element
disposed under the display panel may be reduced or effec-
tively prevented.
[0189] In addition, since an insulating layer having suffi-
cient thickness is disposed on the antistatic layer, a coupling
effect between a circuit pattern of the display panel and the
antistatic layer may be reduced or effectively prevented.
[0190] Thus, since the display apparatus may include the
display panel, a display quality is improved by reducing or
effectively preventing a spot caused by static electricity.
[0191] The foregoing is illustrative of the invention and is
not to be construed as limiting thereof. Although a few exem-
plary embodiments of the invention have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
advantages of the invention. Accordingly, all such modifica-
tions are intended to be included within the scope of the
invention as defined in the claims. In the claims, means-plus-
function clauses are intended to cover the structures described
herein as performing the recited function and not only struc-
tural equivalents but also equivalent structures. Therefore, it
is to be understood that the foregoing is illustrative of the
invention and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other exem-
plary embodiments, are intended to be included within the
scope of the appended claims. The invention is defined by the
following claims, with equivalents of the claims to be
included therein.
What is claimed is:
1. A polarizer comprising:
a substrate;
an antistatic layer disposed on the substrate and comprising
a conductive material; and

ametal layer disposed on the antistatic layer and compris-
ing a plurality of protrusions which form a wire grid
pattern.

2. The polarizer of claim 1, wherein the antistatic layer
comprises at least one selected from poly(3,4-cthylenediox-
ythiophene), indium tin oxide, indium zinc oxide, and a car-
bon nanotube.

3. The polarizer of claim 2, wherein a thickness of the
antistatic layer is about 10 angstroms to about 100 angstroms.

4. The polarizer of claim 1, wherein the metal layer com-
prises a polarizing area through which light passes, and a
reflecting area which reflects the light.

5. The polarizer of claim 1, further comprising an insulat-
ing layer disposed between the antistatic layer and the metal
layer.

6. The polarizer of claim 5, wherein a thickness of the
insulating layer is about 1 micrometer to about 3 microme-
ters.
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7. A method of manufacturing a polarizer, the method
comptrising:

providing an antistatic layer comprising a conductive

material, on a substrate;

providing a metal layer on the antistatic layer;

providing a mask layer on the metal layer;

providing a photoresist on a portion of the mask layer;

providing a self-assembled pattern on an exposed portion

of the mask layer;

providing a wire grid pattern by pattering the mask layer

and the metal layer using the self-assembled pattern as a

mask; and

removing the photoresist and the mask layer.

8. The method of claim 7, further comprising:

providing an insulating layer on the antistatic layer before

the providing the mask layer.

9. The method of claim 7, wherein the providing the anti-
static layer comprises printing or inkjet printing poly(3,4-
ethylenedioxythiophene) on the substrate.

10. The method of claim 7, wherein the providing the
self-assembled pattern comprises:

applying a block copolymer comprising a first block and a

second block, on the exposed portion of the mask layer;

providing a lamella structure from the first and second
blocks by heat treating the block copolymer; and
removing one of the first and second blocks.

11. A display panel comprising:

an array substrate comprising:

a first polarizer comprising:

a first substrate,

a first antistatic layer disposed on the first substrate
and comprising a first conductive material, and

a first metal layer disposed on the first antistatic layer
and comprising a plurality of protrusions which
form a first wire grid pattern;

a first insulating layer covering the first metal layer;

a gate electrode disposed on the first insulating layer;

a gate insulation layer disposed on the gate electrode;

a channel layer disposed on the gate insulation layer;

source and drain electrodes disposed on the channel
layer;

a protecting layer covering the source and drain elec-
trodes, and comprising a contact hole exposing the
drain electrode; and

a first electrode disposed on the protecting layer and
electrically connected to the drain electrode through
the contact hole;

an opposite substrate facing the array substrate; and

a liquid crystal layer disposed between the array substrate

and the opposite substrate.

12. The display panel of claim 11, wherein the opposite
substrate comprises a second substrate, and a polarizing plate
disposed on the second substrate.

13. The display panel of claim 11, wherein

the first metal layer comprises a polarizing area through

which light passes, and a reflecting area which reflects

the light,

the first wire grid pattern is in the polarizing area, and

the reflecting area overlaps a thin film transistor compris-

ing the gate, source and drain electrodes.

14. The display panel of claim 11, wherein the array sub-
strate further comprises a second insulating layer disposed
between the first antistatic layer and the first metal layer.
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15. The display panel of claim 11, wherein the opposite

substrate comprises

a second polarizer comprising;

a second substrate;
a second antistatic layer disposed under the second sub-
strate and comprising

a second conductive material; and
a second metal layer disposed under the second anti-

static layer and comprising a plurality of protrusions
which form a second wire grid pattern;

a third insulating layer between the second antistatic layer
and the second metal layer; and

a second electrode disposed under the third insulating
layer.

16. The display panel of claim 15, wherein

the opposite substrate further comprises a black matrix
disposed under the second substrate, and

the black matrix and the second metal layer are in a same
layer of the opposite substrate.

17. A display apparatus comprising:

a display panel comprising an array substrate, an opposite
substrate facing the array substrate and a liquid crystal
layer disposed between the array substrate and the oppo-
site substrate,

the array substrate of the display panel comprising:

a first polarizer comprising:
a first substrate,
a first antistatic layer disposed on the first substrate
and comprising a conductive material, and
a first metal layer disposed on the first antistatic layer
and comprising a plurality of protrusions which
form a wire grid pattern,
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a first insulating layer covering the first metal layer;

a gate electrode disposed on the first insulating layer;

a gate insulation layer disposed on the gate electrode;

a channel layer disposed on the gate insulation layer;

source and drain electrodes disposed on the channel
layer;

a protecting layer covering the source and drain elec-
trodes, and

comprising a contact hole exposing the drain electrode;
and
a first electrode disposed on the protecting layer and

electrically connected to the drain electrode through
the contact hole;

a backlight assembly disposed under the display panel and
spaced apart from the display panel, wherein the back-
light assembly supplies light to the display panel;

an optical element disposed between the display panel and
the backlight assembly; and

areceiving container which receives the display panel, the
backlight assembly and the optical element.

18. The display apparatus of claim 17, wherein the optical

element is spaced apart from the display panel.

19. The display apparatus of claim 17, wherein the array
substrate further comprises a second insulating layer dis-
posed between the first antistatic layer and the first metal
layer.

20. The display apparatus of claim 17, wherein the first
antistatic layer comprises at least one selected from poly(3,
4-ethylenedioxythiophene), indium tin oxide, indium zinc
oxide, and a carbon nanotube.

I S T T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCH %5
CPCHRF
R 54X
Hfth 237 STk
EIN-E 22

BWE(R)

JER

patsnap

mikes  HERKBNGZE  EAREFVESERNEFE RERNWE REE

US20140028956A1 K (2E)R 2014-01-30
US13/734607 HiE A 2013-01-04
=ZESRERAT
=E£DISPLAY CO. , LTD.
= EDISPLAY CO. , LTD.
CHOI SANG GUN
SUNG WOO YONG
CHA TAE WOON
CHOI, SANG-GUN
SUNG, WOO-YONG
CHA, TAE-WOON
G02F1/1335 G02B5/30
G02B5/3058 G02F1/133528 G02F2001/133548 G02F2202/22
1020120081611 2012-07-26 KR
US9223171
Espacenet USPTO
i
—fERER , SEEIER , AXEYERGAENER , URERZ / 420
BHRRE. BIERBEE—RLS  BEF-SEENE %45 { =400
B, E—%5E EMBR | Bk EnRegE  WResEEy [ L ‘ [ f%
,EMFRR EAEE  BERRIRIRNRPZ , SEEER N-EL2
MyiEm | RFELHSE—aik | FETEMA BEEIIRR. £— T ~LC
RIRSFEEE—ER , EF—ERLACTESEHRNE—RBLEE ( EL1
UREE—NBEELHEIEEREMERNSIRENE—SEE. F\/\ / 380
= L~370
[ 100NNNnnnnnnnnnnnnnag. o
AN ~

[ ]

SE CH GE

) )

334 332

TFT

330


https://share-analytics.zhihuiya.com/view/ff9ce700-e7bf-4540-8797-bac70a6368dc
https://worldwide.espacenet.com/patent/search/family/049994569/publication/US2014028956A1?q=US2014028956A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140028956%22.PGNR.&OS=DN/20140028956&RS=DN/20140028956

