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LIQUID CRYSTAL DISPLAY APPARATUS
AND METHOD OF MANUFACTURING THE
SAME

RELATED APPLICATION

[0001] This application is a divisional application of U.S.
patent application Ser. No. 14/876,641 filed on Oct. 6, 2015,
which claims priority to Korean Patent Application No.
10-2015-0022713, filed on Feb. 13, 2015 in the Korean
Intellectual Property Office (KIPO), and all the benefits
accruing therefrom under 35 U.S.C. §119, the contents of the
prior applications being herein incorporated by reference.

BACKGROUND

1. Field

[0002] A liquid crystal display (LCD) apparatus and a
method of manufacturing the same are provided, and more
particularly, a see-through LCD apparatus capable of rec-
ognizing an image realized by a display apparatus and an
external background, and a method of manufacturing the
same are provided.

2. Description of the Related Art

[0003] With the development in various electronic devices
such as mobile phones, personal digital assistants (PDAs),
and large TVs, demand for flat panel display apparatuses that
may be applied thereto has increased. Among flat panel
display apparatuses, a liquid crystal display (LCD) appara-
tus has the following advantages: low power consumption,
the ability to easily display dynamic images, a high contrast
ratio, etc.

[0004] The LCD apparatus includes a liquid crystal layer
disposed between two substrates and has a transmiftance
which is adjusted based an orientation of liquid crystals
which is controlled by applying an electric field to the liquid
crystal layer.

[0005] Recently, research into a see-through LCD appa-
ratus, via which a user may recognize an image realized by
the LCD apparatus as well as an external background, has
been conducted.

SUMMARY

[0006] A see-through liquid crystal display (LCD) appa-
ratus having an improved transmittance and method of
manufacturing the same are provided.

[0007] Additional aspects 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 pre-
sented embodiments.

[0008] An LCD apparatus includes: a first substrate
including a first region realizing an image and a second
region which transmits external light; a second substrate
facing the first substrate; a liquid crystal layer disposed
between the first substrate and the second substrate; a first
polarizer arranged on a surface of the first substrate; and a
second polarizer arranged between the second substrate and
the liquid crystal layer and including a first polarization
region positioned in the first region and a second polariza-
tion region positioned in the second region and having a
polarization axis different from a polarization axis of the first
polarization region.
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[0009] The polarization axis of the first polarization region
may be substantially perpendicular to the polarization axis
of the second polarization region.

[0010] The polarization axis of the first polarizer may be
substantially parallel to the polarization axis of the second
polarization region.

[0011] The second polarizer may include a wire-grid
polarizer (WGP).

[0012] The second polarizer may include a region where
the first polarization region overlaps the second polarization
region.

[0013] The region where the first polarization region over-
laps the second polarization region may correspond to a
boundary line between the first region and the second region.
[0014] The LCD apparatus may further include color
filters respectively arranged in a first sub-pixel, a second
sub-pixel, and a third sub-pixel and converting incident light
into different colored light, wherein the first sub-pixel, the
second sub-pixel, and the third sub-pixel are included in the
first region.

[0015] The region where the first polarization region over-
laps the second polarization region may correspond to a
region between the color filters.

[0016] The color filters may be arranged between the
second polarizer and the liquid crystal layer.

[0017] The first region and the second region may be
alternately arranged in one direction.

[0018] The first region and the second region may be
arranged in a checkered pattern.

[0019] The LCD apparatus may further include a pixel
electrode and a common electrode which generate an elec-
tric field in the liquid crystal layer, and the pixel electrode
may not be arranged in the second region.

[0020] The LCD apparatus may further include a light
guide panel arranged on a surface opposite to a surface of the
first substrate which faces the second substrate, and a light
source unit configured to emit light toward the light guide
panel.

[0021] The light source unit may be arranged to face a side
surface of the light guide panel, and the light guide panel is
formed of a material which transmits light.

[0022] A method of manufacturing an LCD apparatus,
includes: arranging a first substrate including a first region
realizing an image and a second region transmitting light;
forming, on a second substrate, a second polarizer including
a first polarization region and a second polarization region
having a polarization axis substantially perpendicular to a
polarization axis of the first polarization region; and aligning
the first and second substrates and attaching the first and
second substrate to each other such that the second polarizer
faces the first substrate and the positions of the first and
second polarization regions respectively correspond to the
positions of the first and second regions.

[0023] The forming of the second polarizer may include:
forming, on an entire surface of the second substrate, a
polarizer having a first polarization axis; forming a first
polarization region by patterning the polarizer having the
first polarization axis; forming, over the entire surface of the
second substrate, a polarizer having a second polarization
axis different from the first polarization axis such that the
polarizer having the second polarization axis covers the first
polarization region; and forming a second polarization
region by removing, from the polarizer having the second
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polarization axis, at least some portions of a region which
covers the first polarization region.

[0024] The method may further include forming a first
polarizer on a surface of the first substrate.

[0025] A polarization axis of the first polarizer may be
substantially parallel to the polarization axis of the second
polarization region.

[0026] The second polarizer may include a WGP.

[0027] The forming of the second polarization region may
include forming the second polarization region such that at
least some portions of the region which covers the first
polarization region are not removed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and/or other aspects will become apparent
and more readily appreciated from the following description
of exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0029] FIG.1A1s a schematic plan view of a liquid crystal
display (LCD) apparatus according to an exemplary embodi-
ment;

[0030] FIG. 1B is a schematic plan view of a liquid crystal
display (LCD) apparatus according another exemplary
embodiment;

[0031] FIG. 2 is a cross-sectional view taken along a line
I-IT' of FIG. 1A,

[0032] FIG. 3 is a cross-sectional view taken along a line
TI-1IT' of FIG. 1B;

[0033] FIG. 4 is a cross-sectional view taken along a line
IV-IV' of FIG. 1 B;

[0034] FIG. 5 is a schematic plan view of an LCD appa-
ratus according to an exemplary embodiment;

[0035] FIGS. 6A, 6B, 6C, and 6D sequentially illustrate a
method of forming a second polarizer included in an LCD
apparatus of FIG. 2;

[0036] FIGS. 7A and 7B sequentially illustrate some pro-
cesses of a method of manufacturing an LCD apparatus of
FIG. 2;

[0037] FIG. 8 is a schematic plan view of a second
polarizer included in an LCD apparatus of FIG. 3, according
to an exemplary embodiment; and

[0038] FIG. 9 is a schematic cross-sectional view of an
LCD apparatus according to an exemplary embodiment.

DETAILED DESCRIPTION

[0039] As the inventive concept allows for various
changes and numerous exemplary embodiments, particular
exemplary embodiments will be illustrated in the drawings
and described in detail in the written description. The
inventive concept may, however, be embodied in many
different forms and should not be construed as being limited
to the exemplary embodiments set forth herein; rather, these
exemplary embodiments are provided so that this inventive
concept will be thorough and complete, and will fully
convey the concept of the inventive concept to those skilled
in the art.

[0040] It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another.
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[0041] An expression used in the singular encompasses
the expression of the plural, unless it has a clearly different
meaning in the context.

[0042] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the pres-
ence of stated features or components, but do not preclude
the presence or addition of one or more other features or
components.

[0043] It will be understood that when a layer, region, or
component is referred to as being “formed on” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for
example, intervening layers, regions, or components may be
present.

[0044] In the following examples, the x-axis, the y-axis
and the z-axis are not limited to three axes of the rectangular
coordinate system, and may be interpreted in a broader
sense. For example, the x-axis, the y-axis, and the z-axis
may be perpendicular to one another, or may represent
different directions that are not perpendicular to one another.
[0045] Sizes of components in the drawings may be exag-
gerated for convenience of explanation. In other words,
because sizes and thicknesses of components in the draw-
ings are arbitrarily illustrated for convenience of explana-
tion, the following exemplary embodiments are not limited
thereto.

[0046] Hereinafter, the inventive concept will be
described in detail by explaining exemplary embodiments of
the inventive concept with reference to the attached draw-
ings. Like reference numerals in the drawings denote like
elements, and repeated descriptions thereof will be omitted.
[0047] FIG. 1Ais a schematic plan view of a liquid crystal
display (LCD) apparatus 1 according to an exemplary
embodiment, and FIG. 2 is a cross-sectional view taken
along a line II-II' of FIG. 1A.

[0048] Referring to FIGS. 1 and 2, the LCD apparatus 1
may include a first substrate 110 having first regions 100
realizing an image and second regions 200 via which
external light passes, a second substrate 120 facing the first
substrate 110, a liquid crystal layer 130 disposed between
the first substrate 110 and the second substrate 120, a first
polarizer 150 disposed on a surface of the first substrate 110,
and a second polarizer 140 disposed between the second
substrate 120 and the liquid crystal layer 130 and including
a first polarization region 141 corresponding to the first
region 100 and a second polarization region 142 correspond-
ing to the second region 200 and having a polarization axis
different from a polarization axis of the first polarization
region 141.

[0049] The first substrate 110 and the second substrate 120
may be transparent substrates formed of glass or plastics,
and the LCD apparatus 1 may be a see-through LCD
apparatus via which a user may view an image realized by
the LCD apparatus 1 as well as an external background.
[0050] The first regions 100 and the second regions 200
may be alternately arranged along a first direction (an X
direction). The first regions 100 are arranged in a second
direction (a Y direction) substantially perpendicular to the
first direction and each of the first regions 100 may include
a first sub-pixel Psr, a second sub-pixel Psg, and a third
sub-pixel Psb which respectively emit different colors of
light. The first sub-pixel Psr, the second sub-pixel Psg, and
the third sub-pixel Psb may respectively emit red, green, and
blue light, but the inventive concept is not limited thereto.
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The different colors of light may be designated by color
filters (not shown) or color conversion layers which are
arranged to respectively correspond to the first to third
sub-pixels Psr, Psg, and Psb, and each of the first to third
sub-pixels Psr, Psg, and Psb may be separated by a black
matrix (not shown).

[0051] The second region 200 may be arranged between
the first region 100 arranged in one row and the first region
100 arranged in different row, and color filters and a black
matrix may not be positioned in the second regions 200.
Fach second region 200 transmits external light without
displaying an image, and transparency of an entire portion of
the LCD apparatus 1 may be improved by arranging the
second regions 200 having a high transmittance.

[0052] The first polarizer 150 may be arranged on a
surface of the first substrate 110, and may be arranged on an
entire portion of the LCD apparatus 1. That is, the first
polarizer 150 may be arranged on the first regions 100 as
well as the second regions 200 of the LCD apparatus 1, and
may be a conventional polarizer such as a film type polar-
izer. However, the inventive concept is not limited thereto,
and the first polarizer 150 may be arranged between the first
substrate 110 and the liquid crystal layer 130 and may be, for
example, a wire-grid polarizer (WGP).

[0053] The first polarizer 150 may have a polarization axis
of certain direction, and light passing through the first
polarizer 150 may be converted into light polarized in a
direction parallel to the polarization axis of the first polarizer
150.

[0054] The second polarizer 140 may be arranged between
the second substrate 120 and the liquid crystal layer 130 and
may include the first polarization region 141 positioned so
that it overlaps with the position of the first region 100 and
the second polarization region 142 positioned so that it
overlaps with the position of the second region 200 and
having a polarization axis different from a polarization axis
of the first polarization region 141. The polarization axis of
the first polarization region 141 may be substantially per-
pendicular to the polarization axis of the second polarization
region 142, and a polarization axis of the first polarizer 150
may be substantially parallel to the polarization axis of the
second polarization region 142.

[0055] Light incident from a source external to the first
substrate 110 passes through the first polarizer 150 and may
be converted into light polarized in the polarization axis of
the first polarizer 150. The light incident from the outside
may be light incident from backlight or may be natural light.
[0056] In an optical path of the first region 100, light
passing through the first polarizer 150 passes through the
first substrate 110 and the liquid crystal layer 130 and then
may be incident to the first polarization region 141 of the
second polarizer 140. When there is no phase retardation
caused by the liquid crystal layer 130, because the polar-
ization axis of the first polarization region 141 is substan-
tially perpendicular to the polarization axis of the first
polarizer 150, the light incident to the first polarization
region 141 may not pass through the first polarization region
141.

[0057] In the case in which the liquid crystal layer 130
does cause a phase retardation of light passing through the
first polarizer 150, the first substrate 110 and the liquid
crystal layer 130, a polarization axis of the light passing
through the first polarizer 150 is rotated 90 degrees due to
the phase retardation caused by the liquid crystal layer 130,
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and the light passing through the liquid crystal layer 130
may pass through the first polarization region 141 and then
may be emitted to the exterior of the LCD apparatus. The
liquid crystal layer 130 may be aligned in a certain direction
due to an electric field, and the phase retardation may be
caused by the alignment of the liquid crystal layer 130.
[0058] Although not illustrated, two electrodes (not
shown) for applying an electric field to the liquid crystal
layer 130 and color filters (not shown) for providing a red,
green, or blue color to the incident light may be arranged in
the first regions of the first to third sub-pixels Psr, Psg, and
Psb.

[0059] In an optical path in the second region 200, light
passing through the first polarizer 150 passes through the
first substrate 110 and the liquid crystal layer 130 and then
may be incident to the second polarization region 142 of the
second polarizer 140. If the phase retardation is not caused
by the liquid crystal layer 130, because the polarization axis
of the second polarization region 142 is substantially the
same as the polarization axis of the first polarizer 150, light
incident to the second polarization region 142 passes
through the second polarization region 142 and may be
emitted to the exterior of the LCD apparatus.

[0060] The second region 200 does not display an image
and is used to improve the transmittance of the LCD
apparatus 1, and in the second region 200, at least one of the
two electrodes (not shown) used to apply the electric field to
the liquid crystal layer 130 may not be arranged. That is, the
liquid crystal layer 130 corresponding to the second region
200 does not function as a phase retarder, and a polarization
axis of light passing through the first polarizer 150 does not
change due to the liquid crystal layer 130. Thus, the light
may directly pass through the second polarization region
142.

[0061] The transmittance of the LCD apparatus 1 may be
improved by improving the transmittance of the second
regions 200.

[0062] The second polarizer 140 may be, for example, a
wire-grid polarizer (WGP). The WGP may be formed of a
regular array in which fine metal wires 140a are arranged in
parallel. A WGP performs the same functions as a conven-
tional polarizer, but may be easily patterned because the
WGP is formed by arranging metal wires 140a at intervals
smaller than a wavelength of light without performing
orientation for materials. The first polarization region 141
and the second polarization region 142 of the second polar-
izer 140 may be easily formed by patterning the same
through photolithography. The formation of the first polar-
ization region 141 and the second polarization region 142
will be described later.

[0063] FIG. 1B is a schematic plan view of a liquid crystal
display (LCD) apparatus 1 according to another exemplary
embodiment, and FIG. 3 and FIG. 4 illustrate another
embodiment of the LCD according to the disclosure show-
ing another arrangement of the LCD components than
shown in FIG. 2. FIG. 3 is a cross-sectional view taken along
a line ITI-ITT' of FIG. 1B, and FIG. 4 is a cross-sectional view
taken along a line IV-IV' of FIG. 1B.

[0064] Referring to FIG. 3, an LCD apparatus 2 may
include a first substrate 210 including a first region 100
realizing an image and a second region 200 transmitting
light, a second substrate 220 facing the first substrate 210, a
liquid crystal layer 230 disposed between the first substrate
210 and the second substrate 220, a first polarizer 250
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arranged on a surface of the first substrate 210, and a second
polarizer 240 arranged between the second substrate 220 and
the liquid crystal layer 230 and having a first polarization
region 241 positioned to overlap with the position of the first
region 100 and a second polarization region 242 positioned
to overlap with the position of the second region 200 and
having a polarization axis different from a polarization axis
of the first polarization region 241.

[0065] The first substrate 210 and the second substrate 220
may be substrates formed of glass, plastics, or the like, and
the LCD apparatus 2 may be a see-through LCD apparatus
via which the user may view an image realized by the LCD
apparatus 2 as well as an external background.

[0066] The second region 200 may be arranged between
the first region 100 arranged in one row and the first region
100 arranged in another row, and color filters (not shown)
and a black matrix (not shown) may not be included in the
second regions 200. The second region 200 transmits exter-
nal light without displaying an image, and transparency of
an entire portion of the LCD apparatus 2 may be improved
by arranging the second regions 200 having a high trans-
mittance.

[0067] The first polarizer 250 may be arranged between
the first substrate 210 and the liquid crystal layer 230, and
may be arranged on an entire portion of the LCD apparatus
2. That is, the first polarizer 250 may be arranged on the first
region 100 as well as the second region 200 of the LCD
apparatus 2 and may be a conventional polarizer that is of a
film type.

[0068] The first polarizer 250 may have a polarization axis
in a certain direction, and light passing through the first
polarizer 250 may be converted into light polarized in the
same direction as the polarization axis of the first polarizer
250.

[0069] The second polarizer 240 may be arranged between
the second substrate 220 and the liquid crystal layer 230, and
may include the first polarization region 241 positioned to
correspond to the position of the first region 100 and the
second polarization region 242 positioned to correspond to
the position of the second region 200 and having a polar-
ization axis different from a polarization axis of the first
polarization region 241. The polarization axis of the first
polarization region 241 may be substantially perpendicular
to the polarization axis of the second polarization region
242, and the polarization axis of the first polarizer 250 may
be substantially parallel to the polarization axis of the
second polarization region 242. The second polarizer 240
may be, for example, a WGP.

[0070] Light incident from the outside of the first substrate
210 passes through the first substrate 210 and the first
polarizer 250, and may be converted into light polarized in
the polarization axis of the first polarizer 250. The light
incident from the outside may be light incident from a
backlight unit or may be natural light.

[0071] In an optical path of the first region 100, light
passing through the first polarizer 250 passes through the
first substrate 210 and the liquid crystal layer 230, and then
may be incident to the first polarization region 241 of the
second polarizer 240. When there is no phase retardation
caused by the liquid crystal layer 230, because the polar-
ization axis of the first polarization region 241 is substan-
tially perpendicular to the polarization axis of the first
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polarizer 250, the light incident to the first polarization
region 241 may not pass through the first polarization region
241.

[0072] In the case in which the liquid crystal layer 230
does cause a phase retardation of light passing through the
first polarizer 250, the first substrate 210 and the liquid
crystal layer 230, a polarization axis of the light passing
through the first polarizer 250 is rotated 90 degrees due to
the phase retardation caused by the liquid crystal layer 230,
and the light passing through the liquid crystal layer 230
may pass through the first polarization region 241 and then
may be emitted to the exterior of the LCD apparatus. The
liquid crystal layer 230 may be aligned in a certain direction
due to an electric field, and the phase retardation may be
caused by the alignment of the liquid crystal layer 230.
[0073] A pixel electrode 260 and a common electrode 290
for applying the electric field to the liquid crystal layer 230,
and a color filter 2707 may be arranged in the first region
100. The pixel electrode 260 and the common electrode 290
may be transparent electrodes. According to an exemplary
embodiment, the pixel electrode 260 is arranged between the
first substrate 210 and the liquid crystal layer 230, the
common electrode 290 is arranged between the second
substrate 220 and the liquid crystal layer 230, and the color
filter 2707 may be arranged between the second polarizer
240 and the liquid crystal layer 230. An over-coating layer
280 covering the color filter 2707 may be further arranged on
the second polarizer 240. However, the inventive concept is
not limited thereto, and according to a mode of an LCD
apparatus, locations and types of the pixel electrode 260 and
the common electrode 290 may vary, and locations of the
color filter 2707 (which may, alternatively, be blue or green
in color) may also vary.

[0074] In an optical path in the second region 200, light
passing through the first polarizer 250 passes through the
first substrate 210 and the liquid crystal layer 230 and then
may be incident to the second polarization region 242 of the
second polarizer 240. If the phase retardation is not caused
by the liquid crystal layer 230, because the polarization axis
of the second polarization region 242 is substantially parallel
to the polarization axis of the first polarizer 250, light
incident to the second polarization region 242 passes
through the second polarization region 242 and may be
emitted to the exterior.

[0075] The second region 200 does not display an image
and is used to improve the transmittance of the LCD
apparatus 2. It is unnecessary to apply an electric field to the
liquid crystal layer 230, and according to an exemplary
embodiment, the pixel electrode 260 may not be included in
the second region 200.

[0076] The liquid crystal layer 230 positioned in the
second region 200 does not function as a phase retarder. A
polarization axis of light passing through the first polarizer
250 does not change due to the liquid crystal layer 230, and
the light may pass through the second polarization region
242.

[0077] The second polarizer 240 may include an area B
where the first polarization region 241 overlaps the second
polarization region 242. The area B may correspond to a
boundary line between the first region 100 and the second
region 200. When the first polarization region 241 and the
second polarization region 242, which have polarization
axes that are substantially perpendicular to each other,
overlap each other, light incident to the area B may not pass
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through the area B. That is, the area B may function as a
black matrix that blocks light, and thus, it is unnecessary to
additionally arrange a black matrix for defining the first
region 100 and the second region 200.

[0078] Referring to FIG. 4, the LCD apparatus 2 may
include the first sub-pixel (Psr of FIG. 1B), the second
sub-pixel (Psg of FIG. 1B), and the third sub-pixel (Psb of
FIG. 1B) included in the first region 100.

[0079] Color filters 2707, 270g, and 2705 for respectively
providing colors to light incident to the first to third sub-
pixels Psr, Psg, and Psb may be arranged, and the first
polarization region 241 of the second polarizer 240 may be
disposed between the color filters 2707, 270g, and 2705 and
the second substrate 220. The polarizer used in the second
polarization region 242 may also be arranged in an area of
the first polarization region 241 where the color filters 2707,
270g, and 2705 are not arranged, that is, in spaces between
the color filters 2707, 270g, and 2705 (area B).

[0080] The area B where the first polarization region 241
overlaps the second polarization region 242 may be arranged
between the color filters 2707, 270g, and 2705, and when the
first polarization region 241 and the second polarization
region 242, which have polarization axes that are substan-
tially perpendicular to each other, overlap each other, the
light incident to the area B may not pass through the area B.
[0081] The area B may prevent color mixing between the
first to third sub-pixels Psr, Psg, and Psb and may define the
first to third sub-pixels Psr, Psg, and Psb. Due to the
configuration of the area B, a black matrix generally
arranged to perform the above functions may be omitted.
[0082] FIG. 5 is a schematic plan view of an LCD appa-
ratus according to an exemplary embodiment.

[0083] Referring to FIG. 5, an LCD apparatus 3 includes
a first region 100 realizing an image and a second region
passing through external light, and the first region 100 and
the second region 200 may be arranged in a checkered
pattern.

[0084] The first region 100 may include a first sub-pixel
Pst, a second sub-pixel Psg, and a third sub-pixel Psb which
emit different colors of light. The first sub-pixel Psr, the
second sub-pixel Psg, and the third sub-pixel Psb may
respectively emit red, green, and blue light, but the inventive
concept is not limited thereto. The colors may be provided
by color filters (not shown) or color conversion layers (not
shown) arranged to respectively correspond to the first
sub-pixel Psr, the second sub-pixel Psg, and the third sub-
pixel Psb, and each of the first sub-pixel Psr, the second
sub-pixel Psg, and the third sub-pixel Psb may be defined by
a black matrix (not shown).

[0085] The second region 200 does not display an image,
but passes external light therethrough, and transparency of
the LCD apparatus 3 may be improved by arranging the
second region 200 so as to have a high transmittance.
[0086] FIGS. 6A to 6D sequentially illustrate a method of
forming the second polarizer 140 included in an LCD
apparatus of FIG. 2.

[0087] Referring to FIGS. 6A to 6D, operation of forming
the second polarizer 140 may include: forming a polarizer
141' having a first polarization axis on an entire portion of
the second substrate 120 as shown in FIG. 6A. Forming a
first polarization region 141 by patterning the polarizer 141'
having the first polarization axis, as shown in FIG. 6B.
Forming, over the entire surface of the second substrate 120,
a polarizer 142' having a second polarization axis different

Jun. 7,2018

from the first polarization axis such that the polarizer 142'
covers the first polarization region 141, as shown in FI1G. 6C.
And forming a second polarization region 142 by removing
an area of the polarizer 142" having the second polarization
axis, wherein the area covers the first polarization region
141, as shown in FIG. 6D.

[0088] The polarizer 141" having the first polarization axis
and the polarizer 142" having the second polarization axis
may be, for example, WGPs, which may be easily patterned,
and the first polarization axis may be substantially perpen-
dicular to the second polarization axis.

[0089] The polarizer 141" having the first polarization axis
and the polarizer 142" having the second polarization axis
may be easily patterned through a photolithographic etching
process, and the first polarization region 141 and the second
polarization region 142 which are patterned may respec-
tively be positioned to correspond to positions of the first
region 100 and the second region, respectively, of the first
substrate (110 of FIG. 2).

[0090] FIGS. 7A to 7B sequentially illustrate a method of
manufacturing the LCD apparatus of FIG. 2.

[0091] Referring to FIGS. 7A and 7B, a method of manu-
facturing the LCD apparatus of FIG. 2 may include: arrang-
ing a first substrate 110 including a first region 100 realizing
an image and a second region 200 passing external light
therethrough; forming, on a second substrate 120, a second
polarizer 140 including a first polarization region 141 and a
second polarization region 142 having a polarization axis
that is substantially perpendicular to the first polarization
region 141; and aligning and attaching the first substrate 110
and the second substrate 120 so that the second polarizer 140
faces the first substrate 110 and each of the first polarization
region 141 and the second polarization region 142 corre-
sponds to each of the first region 100 and the second region
200.

[0092] The second polarizer 140 may be formed through
processes of FIGS. 6A to 6D, and referring to FIG. 7A, the
first substrate 110 and the second substrate 120 may be
attached to each other by a sealant (not shown) after the first
substrate 110 and the second substrate 120 including the
second polarizer 140 are aligned.

[0093] Referring to FIG. 7B, after a liquid crystal layer
130 is formed by injecting liquid crystals into an area sealed
by the first substrate 110 and the second substrate 120, the
first polarizer 150 may be formed on a surface of the first
substrate 110. In other words, the first polarizer 150 may be
formed on a surface of the first substrate 110 after attaching
the first substrate 110 and the second substrate 120.

[0094] However, the inventive concept is not limited
thereto, and according to an exemplary embodiment, the first
polarizer 150 may be formed on a surface of the first
substrate 110 before attaching the first substrate 110 and the
second substrate 120.

[0095] The first polarizer 150 may be of a film type and
may have a polarization axis that is substantially parallel to
a polarization axis of the second polarization region 142.
[0096] FIG. 8 is a schematic plan view of the second
polarizer 240 included in an LCD apparatus 2 of FIG. 3,
according to an exemplary embodiment.

[0097] Referring to FIG. 8, the second polarizer 240
including the first polarization region 241 and the second
polarization region 242 may be arranged on the second
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substrate 220 and may include the area B where the first
polarization region 241 overlaps the second polarization
region 242.

[0098] A method of forming the second polarizer 240 may
be the same as the method described with reference to FIGS.
6A to 6C and may further include forming the second
polarization region 242 such that at least some portions of
the region which covers the first polarization region 241 are
not removed.

[0099] That is, the second polarizer 240 may be easily
formed by adjusting an opening of a mask used to form the
second polarization region 242.

[0100] FIG. 9 is a schematic cross-sectional view of an
LCD apparatus 4 according to an exemplary embodiment.
[0101] Referring to FIG. 9, the LCD apparatus 4 may
further include a light guide panel 310 arranged on a surface
of the first substrates 110 and 210 opposite to a surface
facing the second substrates 120 and 220 included in the
LCD apparatuses 1, 2, and 3, and a light source unit 320 for
providing light to the light guide panel 310.

[0102] The light source unit 320 is arranged to face a side
surface of the light guide panel 310, and the light guide panel
310 may be formed of a transparent material. The light
source unit 320 may be a light-emitting diode (LED), or the
like and may emit white light. However, the inventive
concept is not limited thereto, and when the LCD apparatus
4 includes color conversion layers formed of fluorescent
substances, instead of color filters, the light source unit 320
may emit blue light.

[0103] Light emitted from the light source unit 320 may be
incident onto the light guide panel 310, and the light that is
evenly spread onto a large area of the light guide panel 310
and may be irradiated onto the first substrates 110 and 210.
When an image is not displayed, or when ambient light is
strong, the light source unit 320 may be turned off. When an
image is displayed by only using ambient light, the light
source unit 320 may transmit the ambient light and may
remain transparent. When ambient light is too weak, the
light source unit 320 may be turned on, and thus, the LCD
apparatus 4 may implement an image.

[0104] As described above, according to the one or more
of the above exemplary embodiments, a see-through LCD
apparatus having an improved transmittance and a method
of easily manufacturing the same are provided. However, the
scope of the inventive concept is not limited thereto.
[0105] Itshould be understood that the exemplary embodi-
ments described therein should be considered in a descrip-
tive sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each exemplary
embodiment should typically be considered as available for
other similar features or aspects in other exemplary embodi-
ments.
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[0106] While one or more exemplary embodiments have
been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the disclosure, includ-
ing the following claims.

What is claimed is:
1. A method of manufacturing a liquid crystal display
(LCD) apparatus, the method comprising:

arranging a first substrate comprising a first region real-
izing an image and a second region transmitting light;

forming, on a second substrate, a second polarizer com-
prising a first polarization region and a second polar-
ization region having a polarization axis substantially
perpendicular to a polarization axis of the first polar-
ization region; and

aligning the first and second substrates and attaching the
first and second substrate 1o each other such that the
second polarizer faces the first substrate and positions
of the first and second polarization regions respectively
correspond to positions of the first and second regions.

2. The method of claim 1, wherein the forming of the

second polarizer comprises:

forming, on an entire surface of the second substrate, a
polarizer having a first polarization axis;

forming a first polarization region by patterning the
polarizer having the first polarization axis;

forming, over the entire surface of the second substrate, a
polarizer having a second polarization axis different
from the first polarization axis such that the polarizer
having the second polarization axis covers the first
polarization region; and

forming a second polarization region by removing, from
the polarizer having the second polarization axis, at
least some portions of a region which covers the first
polarization region.

3. The method of claim 2, further comprising forming a
first polarizer on a surface of the first substrate.

4. The method of claim 3, wherein a polarization axis of
the first polarizer is substantially parallel to the polarization
axis of the second polarization region.

5. The method of claim 2, wherein the second polarizer
comprises a wire-grid polarizer (WGP).

6. The method of claim 2, wherein the forming of the
second polarization region comprises forming the second
polarization region such that at least some portions of the
region which covers the first polarization region are not
removed.
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