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(57) ABSTRACT

A liquid crystal display includes a light source unit, a first
substrate provided on the light source unit, an electrode layer
provided on the first substrate, a second substrate separate
from the electrode layer, a polarizing plate provided on a
surface of the second substrate, a liquid crystal layer disposed
between the electrode layer and the second substrate, a
reflecting unit provided on a surface of the first substrate; and
a wire grid polarizer provided on an opposite surface of the
first substrate.
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FIG. 2
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FIG. 3
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FIG. 4
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AVERAGE ILLUMINATION (Lx)
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IN-CELL POLARIZER, LIQUID CRYSTAL
DISPLAY INCLUDING THE SAME, AND
METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Korean Patent
Application No. 10-2014-0004061, filed on Jan. 13, 2014,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the invention relate to
an in-cell polarizer capable of simplifying manufacturing
processes, a liquid crystal display (“LCD”) including the
same, and a method of manufacturing an LCD.

[0004] 2. Description of the Related Art

[0005] Invarious application fields, in order to control light
emitted from a light source, a polarization characteristic of
the light is used. In the case of a liquid crystal display
(“LCD”) using a liquid crystal (“LC”) panel, for example, LC
molecules change a polarization direction of linear polariza-
tion in the LC panel so that the L.C panel functions as a shutter
for transmitting or blocking light. The LCD includes first and
second polarizing plates having polarization directions which
are orthogonal to each other, and an L.C layer provided
between the first and second polarizing plates. Each of pixels
in the LCD includes a thin film transistor (“TFT”). Whether a
voltage is applied to each of the pixels is determined in
accordance with a switching operation of the TFT. When the
voltage is applied to the pixel, for example, the LC molecules
are linearly aligned so that incident light passes through the
LC layer with no change in polarization direction thereof, and
is blocked by the second polarizing plate. When the voltage is
not applied to the pixel, the LC molecules are twisted so that
incident light passes through the LC layer due to a change in
polarization direction thereof in accordance with an arrange-
ment of the LC molecules and passes through the second
polarizing plate. That is, white is displayed when LC mol-
ecules are twisted and black is displayed when the LC mol-
ecules are linearly aligned.

SUMMARY

[0006] Since use efficiency of light by polarizing plates is
low, light efficiency of a liquid crystal display (“LCD”) dete-
riorates.

[0007] Provided is an in-cell polarizer capable of simplify-
ing manufacturing processes.

[0008] Provided is an LCD capable of simplifying manu-
facturing processes.

[0009] Provided is a method of manufacturing an LCD
capable of simplifying manufacturing processes.

[0010] Exemplary embodiments will be set forth in part in
the description which follows and, in part, will be apparent
from the description, or may be learned by practice of the
presented embodiments.

[0011] According to an exemplary embodiment of the
invention, an LCD includes a light source unit, a first substrate
provided on the light source unit, an electrode layer provided
on the first substrate, a second substrate separate from the
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electrode layer, a polarizing plate provided on a surface of the
second substrate, a liquid crystal (“LC”) layer disposed
between the electrode layer and the second substrate, a
reflecting unit provided on a surface of the first substrate, and
a wire grid polarizer provided on an opposite surface of the
first substrate.

[0012] Inanexemplary embodiment, thefirst substrate may
include a first surface facing the light source unit and a second
surface facing the electrode layer, the reflecting unit may be
provided on the first surface of the first substrate, and the wire
grid polarizer may be provided on the second surface of the
first substrate.

[0013] In an exemplary embodiment, the electrode layer
may include a black matrix and the reflecting unit may be
arranged in a position corresponding to the black matrix.
[0014] In an exemplary embodiment, the wire grid polar-
izer may be arranged in a position corresponding to an open-
ing area in which the electrode layer is exposed by the black
matrix.

[0015] In an exemplary embodiment, the wire grid polar-
izer may be provided in an entire or partial region of the
opposite surface of the first substrate.

[0016] In an exemplary embodiment, the reflecting unit
may have at least one tilted side surface in a cross section.
[0017] In an exemplary embodiment, the reflecting unit
may include a plurality of unit bodies.

[0018] In an exemplary embodiment, the plurality of unit
bodies each may have at least one tilted side surface and the
plurality of unit bodies may be arranged in a one-dimensional
array structure or a two-dimensional array structure.

[0019] In an exemplary embodiment, the plurality of unit
bodies each may have at least one of trapezoidal cross-sec-
tions, semicircular cross-sections, and triangular cross-sec-
tions.

[0020] In an exemplary embodiment, the reflecting unit
may include a body and an uneven unit provided on the body.
[0021] In an exemplary embodiment, the body may have a
square cross-section or a trapezoidal cross-section.

[0022] According to another exemplary embodiment of the
invention, an in-cell polarizer includes a substrate, a reflect-
ing unit provided on a surface of the substrate, and a wire grid
polarizer provided on another surface of the substrate.
[0023] A region in which the reflecting unitis provided and
a region in which the wire grid polarizer is provided may
partially overlap or may be separated from each otherina plan
view.

[0024] According to another exemplary embodiment of the
invention, a method of manufacturing an LCD includes form-
ing a light source unit, forming a first substrate on the light
source unit, forming a reflecting unit on a surface of the first
substrate, forming a wire grid polarizer on an opposite surface
of the first substrate in a process independent from a process
of forming the reflecting unit, forming an electrode layer on
the first substrate, forming a second substrate to be separate
from the electrode layer, forming a polarizing plate on a
surface of the second substrate, and forming an LC layer
between the electrode layer and the second substrate.

[0025] In an exemplary embodiment, the wire grid polar-
izer may be provided by one of a nanoimprint method, a
block-copolymer lithography method, an e-beam lithography
method, and a glancing angle deposition method.

[0026] In an exemplary embodiment, the reflecting unit
may be provided by a photolithography method.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and/or other exemplary embodiments will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings, in which:

[0028] FIG. 1 schematically illustrates an exemplary
embodiment of a liquid crystal display (“LLCD”) according to
the invention;

[0029] FIG. 2illustrates a modification of the LCD of FIG.
1;

[0030] FIG. 3 illustrates another modification of the LCD
of F1G. 1,

[0031] FIGS. 4 to 6 illustrate examples of an exemplary

embodiment of an in-cell polarizer according to the inven-
tion;

[0032] FIG. 7 illustrates a change in average illumination
according to a slope of a side surface of a reflecting unit of the
in-cell polarizer of FIG. 6;

[0033] FIGS. 8 to 14 illustrate examples of an exemplary
embodiment of an in-cell polarizer according to the inven-
tion; and

[0034] FIGS. 15 to 17 illustrate an exemplary embodiment
of amethod of manufacturing an LCD according to the inven-
tion.

DETAILED DESCRIPTION

[0035] Exemplary embodiments of the invention now will
be described more fully hereinafter with reference to the
accompanying drawings, in which various embodiments are
shown. Exemplary embodiments of the invention may, how-
ever, 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 exemplary
embodiments of the invention will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0036] 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.

[0037] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein. In the drawings, the thick-
ness of layers and regions are exaggerated for clarity. It will
also 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 also be present.

[0038] 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
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“section” discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0039] 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.

[0040] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures. In
an exemplary embodiment, when the device in one of the
figures is turned over, elements described as being on the
“lower” side of other elements would then be oriented on
“upper” sides of the other elements. The exemplary term
“lower,” can therefore, encompasses both an orientation of
“lower” and “upper,” depending on the particular orientation
of the figure. Similarly, when the device in one of the figures
is turned over, elements described as “below” or “beneath”
other elements would then be oriented “above” the other
elements. The exemplary terms “below” or “beneath” can,
therefore, encompass both an orientation of above and below.
[0041] “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 exaniple, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0042] 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 exemplary embodiments of invention belongs. It will
be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
ameaning that is consistent with their meaning in the context
of the relevant art and the exemplary embodiments of inven-
tion, and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

[0043] 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. In an exemplary
embodiment, a region illustrated or described as flat may,



US 2015/0198833 Al

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.
[0044] Hereinafter, an in-cell polarizer, a liquid crystal dis-
play (“LCD”), and a method of manufacturing an LCD
according to an exemplary embodiment of the invention will
be described in detail with reference to the accompanying
drawings.

[0045] FIG.1 schematically illustrates an LCD 1 according
to an exemplary embodiment of the invention. The LCD 1
includes a light source unit 20 and an in-cell polarizer IP for
reflecting and transmitting some light emitted from the light
source unit 20.

[0046] An electrode layer 40 and a second substrate 50 are
separately arranged above the in-cell polarizer IP. A liquid
crystal (“LC”) layer 48 may be provided between the elec-
trode layer 40 and the second substrate 50. A polarizing plate
55 may be provided on one surface of the second substrate 50.
[0047] A reflecting plate 10 may be further provided below
the light source unit 20.

[0048] In an exemplary embodiment, the light source unit
20 may be classified as either a direct light type light source
unit or an edge light type light source unit in accordance with
an arrangement of a light source with respect to the light
source unit 20. In the direct light type light source unit, the
light source is provided below the in-cell polarizer IP so that
light is directly irradiated on the LCD. In the edge light type
light source unit, light is irradiated on the in-cell polarizer IP
through a light guide plate (not shown). Both the direct light
type light source unit and the edge light type light source unit
may be applied to the LCD according to the exemplary
embodiment of the invention. In an exemplary embodiment, a
light emitting diode (“LED”), an organic light emitting diode
(“OLED”), and a cool cathode fluorescent light (“CCFL”)
may be used as the light source of the light source unit 20.
However, the light source of the light source unit 20 is not
limited thereto, and various other types of light sources may
be used.

[0049] The in-cell polarizer IP may include a first substrate
30, a reflecting unit 25 provided on one surface of the first
substrate 30, and a wire grid polarizer 35 provided on another
surface of the first substrate 30. In an exemplary embodiment,
the first substrate 30 may be a transparent substrate that trans-
mits light. In an exemplary embodiment, the first substrate 30
may be, for example, a glass substrate or a transparent plastic
substrate. The reflecting unit 25 and the wire grid polarizer 35
may be provided on different surfaces of the first substrate 30.
The first substrate 30 may include a first surface 30a facing
the light source unit 20 and a second surface 305 facing away
from the light source unit 20. In an exemplary embodiment,
the reflecting unit 25 may be provided on the first surface 30a
and the wire grid polarizer 35 may be provided on the second
surface 304. In another exemplary embodiment, the reflecting
unit 25 may be provided on the second surface 305 and the
wire grid polarizer 35 may be provided on the first surface
30a.

[0050] The reflecting unit 25 may include a material that
reflects light. In an exemplary embodiment, the reflecting unit
25 may include, for example, metal. In an exemplary embodi-
ment, the reflecting unit 25 may include at least one of alu-
minum (Al), silver (Ag), gold (Au), and platinum (Pt), for
example. The reflecting unit 25 may be provided in a partial
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region of the first substrate 30. In an exemplary embodiment,
the reflecting unit 25 may be provided in a region correspond-
ing to a black matrix 45 provided on the electrode layer 40.
[0051] The LCD 1 includes a plurality of pixels, and one
pixel may display one color or a plurality of colors. In an
exemplary embodiment, one pixel may include three sub-
pixels that display a plurality of colors, for example, red,
green, and blue. In the LCD 1 of FIG. 1, one pixel or one sub
pixel is illustrated. The LCD 1 may include, for example, an
opening area OA that transmits light and a non-opening area
NOA that does not transmit light.

[0052] Theblack matrix 45 may be provided on a part of the
electrode layer 40 and may be arranged in accordance with an
electrode pattern of the electrode layer 40. The black matrix
45 may be provided in order to prevent the electrode pattern
from affecting an image. In an exemplary embodiment, a
region in which the black matrix 45 is arranged may be the
non-opening area NOA that does not transmit light and a
remaining region may be the opening area OA that transmits
light. The reflecting unit 25 may be provided in the non-
opening area NOA and the wire grid polarizer 35 may be
provided in the opening area OA. When the reflecting unit 25
is arranged in the non-opening area NOA, light efficiency
may be improved. However, an exemplary embodiment of the
invention is not limited thereto. In another exemplary
embodiment, in a plan view, the reflecting unit 25 may be
arranged in a region larger than the non-opening area NOA,
and the wire grid polarizer 35 may be arranged in a region
larger than that including the opening area OA. That is, the
region in which the reflecting unit 25 is provided and the
region in which the wire grid polarizer 35 is provided may not
overlap or may partially overlap.

[0053] In the wire grid polarizer 35, wires 354 may be
arranged on the first substrate 30 such that the wires 35a are
separated from each other by a predetermined distance. In an
exemplary embodiment, an arrangement period of the wires
354 may be smaller than a wavelength of incident light.
Grooves 35b may be defined between adjacent wires 35a. A
pitch between the wires 35a may be no more than a quarter of
the wavelength of the incident light. In an exemplary embodi-
ment, the pitch between wires may be larger than 0 and no
more than about 200 nanometers (nm). A fill factor ofthe wire
grid polarizer 35 may be no less than about 0.3 and smaller
than about 1. The fill factor represents a cross-sectional area
ratio between the wire 35a and the groove 355. A height ofthe
wire 35¢ taken along a vertical direction in a cross section
may be 1o less than about 100 nm, and, for example, an aspect
ratio of the wire 35a may be no less than about 1.

[0054] In an exemplary embodiment, the wire 35a may
include metal, for example, at least one of Al, Ag, Au, copper
(Cu), nickel (N1), and Pt.

[0055] In an exemplary embodiment, the wire grid polar-
izer 35 may transmit only light of first polarization of the
incident light and may reflect light of second polarization of
the incident light, for example. The first polarization may be
P polarization and the second polarization may be S polariza-
tion.

[0056] In an exemplary embodiment, since the reflecting
unit 25 and the wire grid polarizer 35 are provided on different
surfaces of the first substrate 30, the reflecting unit 25 and the
wire grid polarizer 35 may be manufactured by independent
processes. As described above, the manufacturing processes
of the reflecting unit 25 and the wire grid polarizer 35 may be
separately performed to simplify manufacturing processes of
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the in-cell polarizer IP. When the reflecting unit 25 is manu-
factured in the same surface of the substrate as that of the wire
grid polarizer 35, after the wire grid polarizer 35 is manufac-
tured, since a process for protecting the wire grid polarizer 35
must be additionally performed while manufacturing the
reflecting unit 25, the manufacturing processes of the in-cell
polarizer may be very complicated. In addition, a position or
the manufacturing processes of the reflecting unit 25 may
vary in accordance with a pattern of the black matrix 45.
Manufacturing processes of the wire grid polarizer 35 may
become complicated in accordance with changes in the
manufacturing processes of the reflecting unit 25. Since the
reflecting unit 25 and the wire grid polarizer 35 may be
arranged on different surfaces of the substrate to indepen-
dently manufacture the reflecting unit 25 and the wire grid
polarizer 35, the manufacturing processes of the in-cell polar-
izer may be simplified.

[0057] The electrode layer 40 may be provided above the
in-cell polarizer IP. In an exemplary embodiment, the elec-
trode layer 40 may include a pixel electrode for driving the LC
layer 48 and a thin film transistor (“TFT”) for applying volt-
age to the pixel electrode, for exaniple.

[0058] In an exemplary embodiment, the second substrate
50 may be a transparent substrate that transmits light and may
be used as an electrode layer. In an exemplary embodiment,
the second substrate 50 may include a transparent oxide semi-
conductor material. In an exemplary embodiment, the second
substrate 50 may include a transparent conductive material
such as indium tin oxide (“ITO”), indium zinc oxide (“120”),
Zn0, and In,0,.

[0059] The polarizing plate 55 may be provided on one
surface of the second substrate 50. In an exemplary embodi-
ment, the polarizing plate 55 may be provided on an upper or
lower surface of the second substrate 50. In an exemplary
embodiment, the polarizing plate 55 may be an absorbing
type polarizing plate or a reflecting type polarizing plate, for
example. When the polarizing plate 55 is the reflecting type
polarizing plate, the polarizing plate 55 may be, for example,
a wire grid polarizing plate.

[0060] Next, operation of the LCD1 will be described.
[0061] Light is emitted from the light source unit 20 and is
incident on the in-cell polarizer IP. Of the light incident on the
in-cell polarizer IP, light incident on the reflecting unit 25 may
be reflected to the light source unit 20 and light incident on a
region excluding the reflecting unit 25 may pass through the
first substrate 30 and then be reflected or transmitted by the
wire grid polarizer 35 in a polarization direction. In an exem-
plary embodiment, the light of the P polarization may be
transmitted and the light of the S polarization may be
reflected.

[0062] The light reflected by the reflecting unit 25 and the
light reflected by the wire grid polarizer 35 may be reflected
by the light source unit 20 or a reflecting plate 10 back to the
in-cell polarizer IP so as to be re-incident on the in-cell
polarizer IP. The re-incident light is recycled by repeating the
above processes so that light efficiency may be improved. In
the case where the reflecting unit 25 is arranged on the first
surface 30a of the first substrate 30, a recycling rate of light is
higher than when the reflecting unit 25 is reflected to the
second surface 304 of the first substrate 30. When the reflect-
ing unit 25 is arranged to be closer to the light source unit 20,
the recycling rate of the light may be higher.

[0063] The light that passes through the in-cell polarizer IP
is incident on the LC layer 48. A voltage is applied between
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the electrode layer 40 and the second substrate 50, and trans-
mittance of the light may be controlled in accordance with the
magnitude of the applied voltage. Grayscales may be dis-
played by controlling the transmittance of the light. In an
exemplary embodiment, the polarizing plate 55 may have a
polarization direction that is perpendicular to the polarization
direction of the wire grid polarizer 35.

[0064] In an exemplary embodiment, the polarizing plate
55 may transmit, for example, the light of the S polarization.

[0065] As described above, each pixel may control trans-
mittance of light to display an image. A color filter may be
provided to display a color image.

[0066] Next, FIG. 2 illustrates a modification of the LCD of
FIG. 1.
[0067] As illustrated in FIG. 2, an LCD 1A includes an

in-cell polarizer IPA. The in-cell polarizer IPA includes a first
substrate 30, a reflecting unit provided on one surface of the
first substrate 30, and a wire grid polarizer 35 provided on
another surface of the first substrate 30. The reflecting unit
may include a first reflecting unit 254 provided in one region
of a first surface 30a of the first substrate 30 and a second
reflecting unit 256 provided in another region of the first
surface 30a of the first substrate 30. The wire grid polarizer 35
may be provided in an opening-area OA between the first
reflecting unit 25a and the second reflecting unit 255. The first
reflecting unit 25q and the second reflecting unit 255 may be
provided in a non-opening area NOA corresponding to a
region in which a first black matrix 45« and a second black
matrix 456 are provided on an electrode layer 40.

[0068] In FIG. 2, since elements denoted by the same ref-
erence numerals as those of FIG. 1 actually have the same
structures and perform the same operations as those of FIG. 1,
repeated description thereof will not be given. In FIG. 2, an
example is illustrated in which the first and second reflecting
units 25a and 256 are provided and correspond to the non-
opening area NOA in which the first and second black matri-
ces 45a and 455 are provided.

[0069] FIG. 3 illustrates another modification of the LCD
of FIG. 1. As illustrated in FIG. 3, an LCD 1C includes an
in-cell polarizer IP. The in-cell polarizer IP may include a first
substrate 30, a reflecting unit 25 provided on one surface of
the first substrate 30, and a wire grid polarizer 35C provided
on another surface of the first substrate 30. The reflecting unit
25 may be provided in anon-opening area NOA where ablack
matrix 45 is provided. The wire grid polarizer 35C may be
provided on an entire second surface 305 of the first substrate
30. The wire grid polarizer 35C is provided on the entire
second surface 305 so that manufacturing processes may be
simplified in comparison with a case in which the wire grid
polarizer 35C is provided in a partial region of the second
surface 304. This is because, when the wire grid polarizer 35C
is provided in the partial region, a process of etching another
partial region in which the wire grid polarizer 35C is not
required is added. However, the etching process is not
required for the structure illustrated in FIG. 3.

[0070] Next, various examples of the in-cell polarizer IP
will be described.

[0071] Thein-cell polarizer IP illustrated in FIG. 4 includes
a first substrate 30, a wire grid polarizer 35 provided on a first
surface 30a of the first substrate 30, and a reflecting unit 25
provided on a second surface 305 of the first substrate 30. In
FIG. 4, an example is illustrated in which the reflecting umt
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25 is provided on an upper surface of the first substrate 30 and
the wire grid polarizer 35 is provided on a lower surface of the
first substrate 30.

[0072] Thein-cell polarizer IP illustrated in FIG. 5 includes
a first substrate 30, a wire grid polarizer 35 provided on a first
surface 30a of the first substrate 30, and a reflecting unit 25
provided on a second surface 305 of the first substrate 30. In
FIG. 5, an example is illustrated in which the wire grid polar-
izer 35 is provided on the entire first surface 30a of the first
substrate 30.

[0073] Thein-cell polarizer IP illustrated in FIG. 6 includes
a first substrate 30, a reflecting unit 25-1 provided on a first
surface 30a of the first substrate 30, and a wire grid polarizer
35 provided on a second surface 305 of the first substrate 30.
The reflecting unit 25-1 may include at least one tilted side
surface 26. In an exemplary embodiment, the reflecting unit
25-1 may have a trapezoidal cross-section, for example. FIG.
7 illustrates a change in average illumination measured in
terms of Tux (1x) according to a tilt angle 6 in degrees) (°) of
the side surface 26 of the reflecting unit 25-1 in FIG. 6. FIG.
7 illustrates simulation results when heights h of the reflecting
unit 25-1 are 16 micrometers (um) and 8 um. The average
illumination is relatively high when the tilt angle 6 of the side
surface 26 of the reflecting unit 25-1 is, for example, in the
range of about 60 degrees to about 80 degrees.

[0074] When the reflecting unit 25-1 has a side surface
tilted with respect to the first surface 304, the average illumi-
nation may be higher than when the reflecting unit 25-1 has a
side surface that has a right angle with the first surface 30a.

[0075] Next, the in-cell polarizer IP illustrated in FIG. 8
includes a first substrate 30, a reflecting unit 25-2 provided on
a first surface 30a of the first substrate 30, and a wire grid
polarizer 35 provided on a second surface 305 of the first
substrate 30. The reflecting unit 25-2 may have an array
structure. In an exemplary embodiment, in the reflecting unit
25-2, as illustrated in FIG. 9, a plurality of unit bodies 25-2a
may be arranged in a one-dimensional array structure. The
unit bodies 25-2a may have various shapes. In an exemplary
embodiment, the unit bodies 25-2a may have polygonal
cross-sections. The unit bodies 25-2a may have, for example,
square cross-sections, trapezoidal cross-sections, or triangu-
lar cross-sections.

[0076] As illustrated in FIG. 10, a reflecting unit 25-3 may
include unit bodies 25-3a having semicircular cross-sections.
In an exemplary embodiment, the unit bodies 25-3a may be,
for example, semi-cylindrical, for example. In an exemplary
embodiment, the unit bodies 25-3a may be arranged in a
one-dimensional array structure.

[0077] Next, in the in-cell polarizer IP illustrated in FIG.
11, a reflecting unit 25-4 may have a two-dimensional array
structure. The reflecting unit 25-4 may have a plurality of unit
bodies 25-4a and the plurality of unit bodies 25-4a may be
arranged in the two-dimensional array structure. The unit
bodies 25-4a may be arranged to be separate from each other
or to contact each other. The unit bodies 25-4a may have
various shapes. In an exemplary embodiment, the unit bodies
25-4a may have polygonal cross-sections, for example. In
exemplary embodiments, the unit bodies 25-4a may have, for
example, square cross-sections or trapezoidal cross-sections.
[0078] As illustrated in FIG. 12, a reflecting unit 25-5 may
include spherical unit bodies 25-5a, for example. In an exem-
plary embodiment, the unit bodies 25-54 may be arranged in
a two-dimensional array structure, for example.
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[0079] FIG. 13 illustrates another example of the in-cell
polarizer IP. The in-cell polarizer IP includes a first substrate
30, a reflecting unit 25-6 provided on a first surface 30a of the
first substrate 30, and a wire grid polarizer 35 provided on a
second surface 305 of the first substrate 30. The reflecting unit
25-6 may include a body 25-6a and an uneven unit 25-6b
provided on the body 25-6a. The body 25-6a may have a
cross-section with various shapes. In an exemplary embodi-
ment, the body 25-6a may have a polygonal cross-section, for
example. The body 25-6¢ may have a trapezoidal cross-sec-
tion. Reflection efficiency may be improved by the uneven
unit 25-64.

[0080] The in-cell polarizer IP illustrated in FIG. 14
includes a first substrate 30, a reflecting unit 25-7 provided on
a first surface 30q of the first substrate 30, and a wire grid
polarizer 35 provided on a second surface 305 of the first
substrate 30. The reflecting unit 25-7 may include a body
25-7a and an uneven unit 25-76 provided on the body 25-7a.
In an exemplary embodiment, the body 25-7a may have, for
example, a square cross-section, for example.

[0081] FIGS. 6 to 14 illustrate the examples of the in-cell
polarizer, in which the reflecting unit is provided on the first
surface of the first substrate. However, the reflecting unit may
be provided on the second surface of the first substrate.

[0082] Next, a method of manufacturing an LCD according
to an exemplary embodiment of the invention will be
described. Inthe method of manufacturing the LCD, referring
to FIG. 1, the light source unit 20 is disposed and the in-cell
polarizer IP is disposed on the light source unit 20. When the
in-cell polarizer IP is manufactured, a process for an upper
portion of the first substrate 30 and a process for a lower
portion of the first substrate 30 may be separately performed.
In an exemplary embodiment, the reflecting unit 25 may be
disposed on one surface, for example, the first surface 30a of
the first substrate 30, and the wire grid polarizer 35 may be
disposed on another surface, for example, the second surface
305 of the first substrate 30.

[0083] Processes of manufacturing the reflecting unit 25
will be described with reference to FIGS. 15 and 16. In an
exemplary embodiment, the reflecting unit 25 may be pro-
vided by a photolithography method, for example. In an
exemplary embodiment, a metal layer 23 is deposited on the
first surface 30a of the first substrate 30 and a photolithogra-
phy process using a mask is performed to provide a pattern for
the reflecting unit 25. The metal layer 23 is etched in accor-
dance with the pattern to expose a part of the first surface 30a
of the first substrate 30 and to provide the reflecting unit 25 in
aremaining region. The pattern may vary in accordance with
the pattern of the black matrix provided on the electrode layer
40. The metal layer in a region corresponding to the opening
area OA (refer to FIG. 1), in which the black matrix is not
provided, is etched and the metal layerin a region correspond-
ing to the non-opening area NOA (refer to FIG. 1), in which
the black matrix is provided, is left to form the reflecting unit
25. In an exemplary embodiment, the metal layer 23 may
include at least one of Al, Ag, Au, and Pt, for example. In
exemplary embodiments, wet etching or dry etching may be
used as an etching method, for example. Here, an etching
condition such as etching time or etching solution is con-
trolled to control a shape and size of the reflecting unit 25.

[0084] Next, as illustrated in FIG. 17, the wire grid polar-
izer 35 is disposed on the second surface 300 of the first
substrate 30. The wire grid polarizer 35 may be provided by
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one of a nanoimprint method, a block-copolymer lithography
method, an e-beam lithography method, and a glancing angle
deposition method.

[0085] Since the reflecting unit 25 and the wire grid polar-
izer 35 are disposed on different surfaces of the first substrate
by independent processes, after the reflecting unit 25 is pro-
vided, when the wire grid polarizer 35 is manufactured, an
additional process for protecting the reflecting unit 25 is not
required. Therefore, the manufacturing processes of the in-
cell polarizer may be simplified and manufacturing cost
thereof may be reduced.

[0086] Next, referring to FIG. 1, the electrode layer 40 is
disposed above the first substrate 30, and the second substrate
50 is provided to be separated from the electrode layer 40. The
electrode layer 40 is disposed and the black matrix 45 may be
disposed thereon. The polarizing plate 55 is disposed on one
surface of the second substrate 50. The LC layer 48 may be
provided between the electrode layer 40 and the second sub-
strate 50.

[0087] Itshould be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or exemplary embodiments within each embodiment
should typically be considered as available for other similar
features or exemplary embodiments in other embodiments.
[0088] While one or more embodiments of the invention
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 of exemplary embodi-
ments of the invention as defined by the following claims.

What is claimed is:

1. A liquid crystal display comprising:

a light source unit;

a first substrate provided on the light source unit;

an electrode layer provided on the first substrate;

a second substrate separate from the electrode layer;

a polarizing plate provided on a surface of the second

substrate;

aliquid crystal layer disposed between the electrode layer

and the second substrate;

areflecting unit provided on a surface of the first substrate;

and

awire grid polarizer provided on an opposite surface of the

first substrate.

2. The liquid crystal display of claim 1,

wherein the first substrate comprises:

a first surface facing the light source unit; and
a second surface facing the electrode layer,

wherein the reflecting unit is provided on the first surface of

the first substrate, and

wherein the wire grid polarizer is provided on the second

surface of the first substrate.

3. The liquid crystal display of claim 1,

wherein the electrode layer comprises a black matrix, and

wherein the reflecting unit is arranged in a position corre-

sponding to the black matrix.

4. The liquid crystal display of claim 3, wherein the wire
grid polarizer is arranged in a position corresponding to an
opening area in which the electrode layer is exposed by the
black matrix.

5. The liquid crystal display of claim 3, wherein the wire
grid polarizer is provided in an entire or partial region of the
opposite surface of the first substrate.
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6. The liquid crystal display of claim 1, wherein the reflect-
ing unit has at least one tilted side surface in a cross section.

7. The liquid crystal display of claim 1, wherein the reflect-
ing unit comprises a plurality of unit bodies.

8. The liquid crystal display of claim 7,

wherein each of the plurality of unit bodies has at least one

tilted side surface in a cross section, and

wherein the plurality of unit bodies is arranged in a one-

dimensional array structure or a two-dimensional array
structure.

9. The liquid crystal display of claim 8, wherein each of the
plurality of unit bodies has at least one of a trapezoidal cross-
section, a semicircular cross-section, and a triangular cross-
section.

10. The liquid crystal display of claim 1, wherein the
reflecting unit comprises:

abody; and

an uneven unit provided on the body.

11. The liquid crystal display of claim 10, wherein the body
has a square cross-section or a trapezoidal cross-section.

12. An in-cell polarizer comprising:

a substrate;

a reflecting unit provided on a surface of the substrate; and

awire grid polarizer provided on an opposite surface of the

substrate.

13. The in-cell polarizer of claim 12, wherein a region in
which the reflecting unit is provided and a region in which the
wire grid polarizer is provided partially overlap or are sepa-
rated from each other in a plan view.

14. The in-cell polarizer of claim 12, wherein the reflecting
unit is provided in a partial region of the substrate.

15. The in-cell polarizer of claim 12, wherein the reflecting
unit has at least one tilted side surface in a cross section.

16. The in-cell polarizer of claim 12, wherein the reflecting
unit comprises a plurality of unit bodies.

17. The in-cell polarizer of claim 16,

wherein each of the plurality of unit bodies has at least one

tilted side surface in a cross section, and

wherein the plurality of unit bodies is arranged in a one-

dimensional array structure or a two-dimensional array
structure.

18. The in-cell polarizer of claim 17, wherein each of the
plurality of unit bodies has at least one of a trapezoidal cross-
section, a semicircular cross-section, and a triangular cross-
section.

19. The in-cell polarizer of claim 12, wherein the reflecting
unit comprises:

abody; and

an uneven unit provided on the body.

20. A method of manufacturing a liquid crystal display, the
method comprising:

providing a light source unit;

disposing a first substrate on the light source unit;

disposing a reflecting unit on a surface of the first substrate;

disposing a wire grid polarizer on an opposite surface of the
first substrate in a process independent from a process of
the disposing the reflecting unit;

disposing an electrode layer on the first substrate;

providing a second substrate to be separate from the elec-

trode layer;

disposing a polarizing plate on one surface of the second

substrate; and

disposing a liquid crystal layer between the electrode layer

and the second substrate.
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21. The method of claim 20, wherein the wire grid polarizer
is provided by one of a nanoimprint method, a block-copoly-
mer lithography method, an e-beam lithography method, and
a glancing angle deposition method.

22. The method of claim 20, wherein the reflecting unit is
provided by a photolithography method.

23. The method of claim 20, wherein the first substrate
comptises:

a first surface facing the light source unit; and

a second surface facing the electrode layer,

wherein the reflecting unit is provided on the first surface of

the first substrate, and

wherein the wire grid polarizer is provided on the second

surface of the first substrate.
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