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LIQUID CRYSTAL DISPLAY AND
FABRICATION METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0093848,
filed on Aug. 27, 2012 in the Korean Intellectual Property
Office, the disclosure of which is incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] The present inventive concept relates to a liquid
crystal display and, more particularly, to a liquid crystal dis-
play including a wire-grid polarizing member.

DESCRIPTION OF THE RELATED ART

[0003] Liquid crystal displays (LCDs) are flat panel dis-
plays that have been widely used in cell phones, laptop com-
puters, monitors, television (TV) sets or the like in recent
years.

[0004] LCDs use a backlight unit to provide light. The
backlight unit includes a light source, a light guide panel for
enhancing efficiency of light travelling to the LCD, and a
plurality of optical sheets. Accordingly, light emitted from the
light source is considerably lost while passing through the
light guide panel and the optical sheets. In addition, the polar-
izing plates are absorption-type polarizing plates that absorb
some of light and transmit some of the light. The polarizing
plates absorb about 50 percent of the light travelling to the
liquid crystal panel. As a result, a user may see only a rela-
tively small portion (e.g., 10 percent or less) of the light
emitted from the light source.

SUMMARY OF THE INVENTION

[0005] According to an exemplary embodiment of the
inventive concept, a liquid crystal display apparatus includes
a liquid crystal layer, a black matrix, and a first polarizing
member. The black matrix is disposed on the liquid crystal
layer. The first polarizing member is disposed on an opposite
side of the liquid crystal layer from the black matrix. The first
polarizing member includes a wire-grid polarizing part and a
reflection part. The reflection part is aligned under the black
matrix.

[0006] According to an exemplary embodiment of the
inventive concept, a fabrication method of a liquid crystal
display apparatus includes a step of forming a first polarizing
member including a wire-grid polarizing part and a reflection
part on a first base substrate. A black matrix is disposed on the
second base substrate. The second base substrate is stacked
on the first base substrate so that the black matrix is aligned
over the reflection part.

[0007] According to an exemplary embodiment of the
inventive concept, a liquid crystal display apparatus includes
aliquid crystal layer, a light source, a first polarizing member,
and a reflector. The first polarizing member includes a wire-
grid polarizing part and a reflection part. The first polarizing
member is disposed between the liquid crystal layer and the
light source. The reflector is disposed below the light source.
The reflector reflects light from the light source and light
reflected from the reflection part.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features of the inventive concept
will become more apparent by describing in detail exemplary
embodiments thereof with reference to the accompanying
drawings of which:

[0009] FIG. 1 is a plan view of a liquid crystal display
according to an exemplary embodiment of the inventive con-
cept;

[0010] FIG. 2is a plan view showing a portion of the liquid
crystal display according to an exemplary embodiment of the
inventive concept;

[0011] FIG. 3 is a cross-sectional views taken along lines
I-I', TI-IT', and TII-1IT of FIG. 2;

[0012] FIG. 4 is a flowchart illustrating a fabrication
method of a liquid crystal display according to an exemplary
embodiment of the inventive concept;

[0013] FIG. 5is a flowchart illustrating formation of a first
polarizing member on a first base substrate according to an
exemplary embodiment of the inventive concept;

[0014] FIGS. 6A to 6G are cross-sectional views illustrat-
ing formation of the first polarizing member according to the
flowchart of FIG. 5;

[0015] FIGS. 7A, 8A, 9A, 10A, and 11A are plan views
illustrating a fabrication method of a liquid crystal display
according to an exemplary embodiment of the inventive con-
cept;

[0016] FIGS.7B,8B,9B,10B,and 11B are cross-sectional
views taken along the line I-I' in FIGS. 7A, 8A,9A, 10A, and
11A, respectively;

[0017] FIG. 12 is a plan view of a liquid crystal display
according to an exemplary embodiment of the inventive con-
cept;

[0018] FIG. 13 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the inven-
tive concept; and

[0019] FIGS. 14A and 14B shows luminance values
obtained from a comparative sample and an embodiment of
the inventive concept, respectively.

DETAILED DESCRIPTION

[0020] Exemplary embodiments of the inventive concept
will be described below in more detail with reference to the
accompanying drawings. However, the inventive concept
may be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein, Rather,
these exemplary embodiments are provided so that this dis-
closure will be thorough and complete and will fully convey
the inventive concept to those skilled in the art. In the draw-
ings, the thickness of layers and regions may be exaggerated
for clarity. Like reference numerals may refer to the like
elements throughout.

[0021] It will be understood that when an element or layer
is referred to as being “on” another element or layer, it may be
directly on the other layer or intervening layers may be
present. Like numbers may refer to like elements throughout.
[0022] It will be understood that when an element is
referred to as being “connected” to another element, it maybe
directly connected to the other element or intervening ele-
ments may be present.

[0023] FIG. 1 is a plan view of a liquid crystal display
according to an embodiment of the inventive concept. FI1G. 2
is a plan view showing a portion of the liquid crystal display
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in FIG. 1, and FIG. 3 is a cross-sectional views taken along
lines I-I', TI-IT', and III-1IT" in FIG. 2.

[0024] Referring to F1G. 1, a liquid crystal display accord-
ing to embodiments of the inventive concept may include a
plurality of pixels PXL that are arranged in a matrix of rows
and columns. Since the pixels PXL have the same structure,
the embodiments of the inventive concept will be described
hereinafter with respect to only one pixel PXL as an example
for the brevity of description. Therefore, only one pixel PXL
is shown in FIGS. 2 and 3. Although it is shown that the pixel
PXT. have the shape of rectangle elongated in one direction,
the shape of the pixel PXL is not limited thereto. In a plan
view, the pixel PXL may have various shapes such as V-shape,
Z-shape or the like.

[0025] Referring to FIGS. 1, 2, and 3, a liquid crystal dis-
play according to an embodiment of the inventive concept
includes a first substrate SUB1, a second substrate SUB2
opposite to the first substrate SUB1, and a liquid crystal layer
LC provided between the first and second substrates SUB1
and SUB2.

[0026] The first substrate SUB1 includes a first base sub-
strate BS1, a first polarizing member POL1 disposed on the
first base substrate BS1, a wiring part disposed on the first
base substrate BS1, a thin film transistor connected to the
wiring part, and a first electrode EL1 connected to the thin
film transistor.

[0027] The first base substrate BS1 may be a transparent or
opaque insulating substrate such as a silicon substrate, a glass
substrate, and a plastic substrate.

[0028] The first base substrate BS1 includes a pixel area PA
and a pad area PDA. The pixel area PA includes a plurality of
pixels PXL.. The pad area PDA is disposed on at least one side
of the pixel area PA. The pixel area PA includes a display area
DA and a non-display area NDA. The display area DA dis-
plays images in one-to-one cotrespondence through the pix-
els PXL. The non-display area NDA corresponds to an area
on which images are not displayed.

[0029] The first polarizing member POL1 is provided in the
display area DA on the first base substrate BS1. The first
polarizing member POL1 includes a wire-grid polarizing part
WGP that polarizes the light passing through the first sub-
strate SUB1 in a specific direction and a reflection part RP
that reflects the light traveling upwardly from the bottom.
[0030] The wire-grid polarizing part includes a wire-grid
polarizer that linearly polarizes the light. The wire-grid polar-
izer includes fine metal wires extended in parallel with a
direction. The fine metal wires are also spaced apart by a
spacing pitch of about 100 nanometers. The fine metal wires
may have a line width less than about 60 nanometers and have
a thickness greater than about 150 nanometers. The arrange-
ment direction of the fine metal wires may be a direction
parallel, perpendicular or oblique to the gate line.

[0031] The wire-grid polarizer passes light of a specific
polarization. For example, when light is incident on the wire-
grid polarizer, the fine metal wires passes light of a polariza-
tion parallel to a space between the fine metal wires in the
incident light and reflects light of other polarization in the
incident light. The polarized light passing through the wire-
grid polarizer is p-polarized light, and the reflected light from
the metal wires is s-polarized light. As shown in FIG. 3, when
light is incident below the wire-grid polarizer, only the p-po-
larized light passes through the wire-grid polarizer.

[0032] The fine metal wires may include a high-reflectivity
metal. For example, the high-reflectivity metal includes alu-
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minum, gold, silver, copper, chromium, iron, nickel, molyb-
denum or an alloy thereof. The metal wires may have a single
layer of high-reflectivity metal or an alloy including at least
two high-reflectivity metals. In an exemplary embodiment of
the inventive concept, the fine metal wire includes aluminum.
In an exemplary embodiment of the inventive concept, the
fine metal wires may have multiple layers each of which is
made of a single high-reflectivity metal or an alloy including
at least two high-reflectivity metals. For example, the fine
metal wires include a double layer including aluminum at a
lower layer and titanium at an upper layer. Alternatively, the
fine metal wires include a double layer including a lower layer
of aluminum and an upper layer of molybdenum.

[0033] Thereflection part RP is disposed in the non-display
area NDA on the first base substrate BS1. For example, the
reflection part RP is formed at an area where a black matrix
BM (explained later) is formed. The reflection part RP is
made of a metal layer. As shown in FIG. 3, the reflection part
RP reflects light which is incident below the reflection part
RP.

[0034] The metal layer may have substantially the same
material as the fine metal wire. For example, the metal layer
includes aluminum, gold, silver, copper, chromium, iron,
nickel, molybdenum or an alloy thereof. The metal layer may
have a single layer of a high-reflectivity metal or an alloy
including at least two high-reflectivity metals. In an exem-
plary embodiment of the inventive concept, the metal layer
includes aluminum. In an exemplary embodiment of the
inventive concept, the metal layer may have multiple layers
each of which is made of a single high-reflectivity metal or an
alloy including at least two high-reflectivity metals. For
example, the reflection part RP includes a double layer
including aluminum at a lower layer and titanium at an upper
layer. Alternatively, the reflection part RP includes a double
layer including a lower layer of aluminum and an upper layer
of molybdenum.

[0035] A first passivation layer PSV1 is disposed on the
metal layers RP and WGP to cover the metal layers RP and
WGP.

[0036] The wiring part is disposed on the first passivation
layer PSV1 in the non display area NDA. The wiring part
includes a gate line GL, a data line DL, a gate pad part GPP,
and a data pad part DPP which are provided in the non-display
area NDA. The gate pad part GPP and the data pad part DPP
will be explained in detail later.

[0037] The gate line GL is disposed on the first base sub-
strate BS, extending in a first direction D1.

[0038] A gate insulating layer GI is disposed on the gate
line GL. The gate insulating layer GI may be made of an
inorganic insulating material and include, for example, sili-
con nitride, or silicon oxide.

[0039] The data line DL is insulated from the gate line GL
on the first base substrate BS1. For example, the gate insulat-
ing layer G1 is disposed between the gate line GL and the data
line DL. The data line DL extends in a second direction D2
perpendicular to the first direction D1.

[0040] The thin film transistor is disposed in the non-dis-
play area NDA and connected to the gate line GL and the data
line DL. The thin film transistor includes a gate electrode GE,
a semiconductor layer SM, a source electrode SE, and a drain
electrode DE.

[0041] The gate electrode GE protrudes from the gate line
GL or is provided on a partial area of the gate line GL. The
gate line GL and the gate electrode GE may be formed of a
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metal. For example, the gate electrode GE may include
nickel, chromium, molybdenum, aluminum, titanium, cop-
per, tungsten, or an alloy thereof. The gate electrode GE may
have a single or multiple layers using the metal. For example,
the gate electrode GE may have a triple layer made of a
molybdenum layer, an aluminum layer, and a molybdenum
layer that are sequentially stacked. The gate electrode may
have a double layer made of a titanium layer and a copper
layer that are sequentially stacked. The gate electrode GE
may have a single layer made of a titanium-copper alloy.

[0042] The gate insulating layer GI is formed on the first
base substrate BS1 to cover the gate electrode GE.

[0043] The semiconductor layer SM is disposed on the gate
insulating layer GI, overlapping partly the gate electrode. The
semiconductor layer SM includes an active layer ACT dis-
posed on the gate insulating layer GI. An ohmic contact layer
OHM is disposed on the active layer ACT. The active layer
ACT is disposed on the gate insulating layer GI. The ohmic
contact layer OHM is disposed on the active layer ACT. The
source electrode SE and the drain electrode DE are disposed
on the OHM. The semiconductor layer SM is formed on an
area between the source electrode SE and the drain electrode
DE.

[0044] Thesource electrode SE protrudes from the data line
DL, crossing over the gate electrode GE. The semiconductor
layer SM constitutes a conductive channel between the source
electrode SE and the drain electrode DE.

[0045] Each of the source and drain electrodes SE and DE
may include a single layer formed of a conductive material,
e.g., ametal. For example, the conductive metal may include
nickel, chromium, molybdenum, aluminum, titanium, cop-
per, tungsten or an alloy thereof. In an embodiment of the
inventive concept, each of the source and drain electrodes SE
and DE may include multiple layers formed of a conductive
material. For example, each of the source and drain electrodes
SE and DE may include a double layer formed of titanium and
copper.

[0046] The first electrode EL1 is connected to the drain
electrode DE with a second passivation layer PSV2 intet-
posed there between. A first contact hole CH1 is formed at the
second passivation layer PSV2 to expose a portion of the
drain electrode DE of the thin film transistor. The first elec-
trode EL1 is connected to the thin film transistor through the
first contact hole CHI1.

[0047] InFIG. 3, a cross-sectional structure of the gate pad
part GPP is shown. The gate pad part GPP and the data pad
part DPP of the wiring part are disposed in the pad area PDA.
The gate pad part GPP includes a gate pad GP and a gate pad
electrode GPE connected to the gate pad GP. The gate pad GP
1s disposed on the first base substrate BS1, being connected to
the corresponding gate line GL. The gate insulating layer GI
and the second passivation layer PSV2 covers the gate pad
GP. A second contact hole CH2 is formed to expose a portion
of an upper surface of the gate pad GP. The gate pad electrode
GPE is connected to the gate pad GP through the second
contact hole CH2.

[0048] InFIG. 3, across-sectional structure of the data pad
part GPP is shown. The data pad part DPP includes a data pad
DP and a data pad electrode DPP connected to the data pad
DP. The data pad DP is disposed on the gate insulating layer
GI, being connected to the corresponding data line DL. The
second passivation layer PSV2 covers the data pad DP. A third
contact hole CH3 is formed exposing a portion of an upper
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surface of the data pad DP. The data pad electrode DPE is
connected to the data pad DP through the third contact hole
CH3.

[0049] According to an exemplary embodiment of the
inventive concept, the gate pad part GPP and the data pad part
DPP may be electrically connected to an interconnection.
However, the inventive concept is not limited thereto. In an
embodiment of the inventive concept, a gate driver including
a plurality of amorphous silicon transistors may be provided
instead of the gate pad part GPP. The amorphous silicon
transistors may be formed directly on the pad area PDA of the
first base substrate BS1 by means of the thin film transistor
fabrication process.

[0050] In FIG. 3, the second substrate SUB2 includes a
second base substrate BS2, a color filter CF, a black matrix
BM, a second electrode E1.2, and a second polarizing mem-
ber POL2. The second substrate SUB2 is stacked over the first
substrate SUB1. A liquid crystal layer LC is disposed
between the first substrate SUB1 and the second substrate
SUB2.

[0051] The second base substrate BS2 includes an upper
surface on which the second polarizing member POL2 is
disposed and a lower surface on which the black matrix BM
and the color filter CF are disposed.

[0052] The color filter CF is provided on the second base
substrate BS2. The color filter CF provides a color to light
passing through each pixel PXL. The color filter CF may
include a red color filter, a green color filter, or a blue color
filter and may be provided to pixels PXL in the pixel area PA.
The color filter CF may also include a white color filter. In the
color filter CF, when the pixel PXL is provided in plurality,
color filters CF having different colors may be arranged such
that adjacent pixels PXL exhibit the different colors. The
color filters CF may be adjacent each other or may partially
overlap.

[0053] The black matrix BM is disposed in the non-display
area NDA to block light that is not used to display images. For
example, the black matrix BM blocks light leakage caused by
abnormal behavior of liquid crystal molecules. Such abnor-
mal behavior may occur at the edge of an image display layer
(explained later) or occur at the edge of the color filter CF
where colors are mixed.

[0054] The black matrix BM may be disposed at least one
side of the color filter CF. For example, the black matrix is
disposed at the perimeter of the color filter CF, which corre-
sponds to the perimeter of each pixel PXL. The color filter CF
and the block matrix BM may overlap each other in a region
adjacent to the boundary of the pixel PXL.

[0055] The second electrode EL2 is disposed on the color
filter CF and the black matrix BM. The second electrode EL.2
and the first electrode EL1 produce an electric field. Each of
the first and second electrodes EL1 and EL.2 may include a
transparent conductive material. The transparent conductive
material includes transparent conductive oxide such as
indium tin oxide (ITO), indium zinc oxide (IZ0), and indium
tin zinc oxide (ITZO).

[0056] Thesecond polarizing member POL2 is disposed on
the second base substrate BS2. The second polarizing mem-
ber POL2 polarizes light traveling upwardly from a lower
portion, i.e., polarizes light passing through the liquid crystal
layer LC.

[0057] The second polarizing member POL2 may have a
polarization axis perpendicular or parallel to that of the first
polarizing member POL1, depending on locations of the first
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and second electrodes EL1 and EL2, a display mode (e.g.,
normally black mode), and the like.

[0058] The second polarizing member POL2 may includea
polarizing film and a light absorbing material. The polarizing
film may include polymer resins whose polymer chains are
stretched in a specific direction. The polarizing film may
transmit light polarized parallel to the direction. Light polar-
ized perpendicular to the stretched direction may be absorbed
by the light absorbing material of the polarizing film. The
second polarizing member POL2 may be attached to the
second base substrate BS2 with an adhesive layer (not
shown).

[0059] The liquid crystal layer LC is disposed between the
first substrate SUB1 and the second substrate SUB2. The
liquid crystal layer LC includes liquid crystal molecules hav-
ing optical anisotropy. The liquid crystal molecules are driven
by an electric field and transmit or block light passing through
the liquid crystal layer LC to display an image.

[0060] Intheliquid crystal display according to an embodi-
ment of the inventive concept, a pixel PXL, a displaying unit,
may be constituted by the thin film transistor, the first elec-
trode EL1, the liquid crystal layer LC, and the second elec-
trode EL2.

[0061] In driving the pixel PXL, a gate signal is applied
through the gate line GL and a data signal is applied to the
source electrode SE through the data line DL disposed on the
semiconductor layer SM. In response to the gate signal, the
thin film transistor turns on and provides the data signal to the
first electrode EL1. The data signal may generate an electric
field between the first electrode EL1 and the second electrode
EL2. A common voltage is applied to the second electrode
EL2. Liquid crystal molecules are aligned according to the
electric field to display such that an image corresponding to
the data signal is displayed according to the intensity of light
transmitting the liquid crystal layer L.C.

[0062] A backlight unit may include a light source LS and
a reflection plate RF. The light source LS may be positioned
below the first base substrate BS1 and may emit light to
display images through the liquid crystal layer LC. The light
source LS may emit light in all directions. The light directed
to the base substrate BS1 may be used to display images. The
reflection plate RF may reflect the light travelling away from
the first base substrate to the first base substrate BS1. Such
travelling-away light might be wasted without the reflection
plate RF. Accordingly, the travelling-away light is re-cycled
and the luminance of the liquid crystal display is increased.

[0063] FIG. 4 is a flowchart illustrating a fabrication
method of a liquid crystal display of FIGS. 1 to 3 according to
an exemplary embodiment of the inventive concept. The pro-
cess steps S10 to S30 are for fabricating the first substrate
SUB1 of FIG. 3. The process steps S50 to S70 are for fabri-
cating a part of the second substrate SUB2 of FIG. 3. In an
exemplary embodiment, the second polarizing member
POL2 of the second substrate SUB2 may be formed after the
substrates SUBI and the part of second substrate SUB2 is
coupled together. In an embodiment, the second substrate
SUB2 of FIG. 3 may be fabricated before the substrates SUB1
and SUB2 are coupled together in the process step S80.

[0064] In fabricating the first substrate SUBI, a first polar-
izing member POL1 is formed on the first base substrate BS1
(S 10). The signal interconnection and the thin film transistor
are formed (S20) on the first polarizing member PSV1. The
first electrode (EL1) is formed on a first substrate BS1 (S30).
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[0065] 1Infabricating the part of the second substrate SUB2,
a black matrix BM is formed on a lower side of the second
base substrate BS2 (S50). The color filter CF is also formed
on the lower side of the second base substrate BS2 (S60). The
second electrode (EL2) is formed on the lower side of second
base substrate BS2 (570).

[0066] In step S50, the liquid crystal layer LC may be
disposed on the first substrate SUB1. Then, the part of the
second substrate SUB2 is disposed on the liquid crystal layer
LC (S80). The second polarizing member is disposed on the
part of the second substrate SUB2 to fabricate a liquid crystal
display (S90).

[0067] Hereinafter, a fabrication method of forming the
first polarizing member POL1 of FIGS. 1 to 3 is described.
FIG. 5isa flowchart illustrating formation of a first polarizing
member. FIGS. 6A to 6G are cross-section views illustrating
process steps of the flowchart of FIG. 5.

[0068] Referring to FIG. 6A, a metal layer MTL and a
preliminary pattern layer PPN are sequentially formed on a
first base substrate BS1 according to a process step S11.
[0069] In the step of S11, the metal layer MTL may be
formed on the firstbase substrate BS1. For example, the metal
layer MTL is formed by a physical vapor deposition (PVD) or
the like. The metal layer MTL may include a high-reflectivity
metal. The high-reflectivity metal includes aluminum, gold,
silver, copper, chromium, iron, nickel, molybdenum, or an
alloy thereof. For example, the metal layer MTL may have a
single layer formed of aluminum. The metal layer MTL may
have a double layer including a lower layer formed of alumi-
num and an upper layer formed of titanium. The metal layer
MTL may have a double layer comprising a lower layer of
aluminum and an upper layer of molybdenum. The metal
layer MTL is not limited thereto, but may be formed in vari-
ous ways using the high-reflectivity metal.

[0070] The preliminary pattern layer PPN may include an
organic insulating material such as, for example, silicon
nitride or silicon oxide.

[0071] Referring to FIGS. 6B and 6C, a first pattern layer
PTN1 is formed on the metal layer MTL according to a
process step S13.

[0072] Referring to FIG. 6B, a first pattern is formed in a
polymer layer PLL with a mater mold MM in a process step
S13. The polymer layer PLL is formed on the second base
substrate BS2. The mater mold MM includes a reverse pattern
of the first pattern formed in the polymer layer PLL. The
mater mold MM is imprinted in the polymer layer PLL and
forms the first pattern in the polymer layer PLL. A polymer
layer PLL formed on the second base substrate BS2 is a layer
that is not cured yet, has liquidity, and is cured following the
imprinting. The first pattern corresponds to the same pattern
as a wire grid of a wire-grid polarizer.

[0073] Referring to FIG. 6C, a first patter layer PTN1 is
formed by patterning the polymer layer PLL and the prelimi-
nary pattern layer PPN. The polymer layer PLL is used as a
mask in patterning the polymer layer PLL and the preliminary
pattern layer PPN.

[0074] Referring to FIGS. 6D and 6F, a second pattern
layer PTN2 is formed on the metal layer MTL according to a
process step S15.

[0075] Referring to FIG. 6D, a photoresist layer PR is
formed on the resulting structure of FIG. 6C. The photoresist
layer PR is formed on the first pattern layer PTN1.

[0076] As is shown in FIG. 6E, the photoresist layer PR is
exposed using a mask MSK to form the second pattern layer
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PTN2. In an exemplary embodiment, the photoresist layer PR
is a negative-type photoresist. The photoresist layer PR is
exposed using a photomask MSK which blocks light from
irradiating an area corresponding to a display area DA and
allows light to irradiate an area corresponding to a non-dis-
play area NDA. When the photoresist PR is removed by a
developer, the unexposed region of the display area DA is
removed, leaving the exposed region of the non-display area
NDA behind. The second patter layer PTN2 remains on the
non-display area NDA. The photoresist PR is not limited
thereto and may be a positive-type photoresist.

[0077] Referring to FIG. 6F, the metal layer MTL is pat-
terned using the second pattern layer PTN2 the first pattern
layer PTN1 as a mask according to a process step of S17. As
a result, the metal layer MTL corresponding to the display
area DA is defined by the shape of the second pattern layer
PTN2. The display area DA may include a wire-grid polariz-
ing part patterned by the first pattern layer PTN1. The metal
layer corresponding to the non-display area NDA is not pat-
terned and is a reflection part RP.

[0078] Referring to FIG. 6G, the second pattern layer PTN2
is removed to form a first polarizingmember POL1 according
to a process step of S19. In an exemplary embodiment of the
inventive concept, the first pattern layer PTN1 remains. In an
embodiment, the first pattern layer PTN1 may be removed.
[0079] With reference to the method of forming the first
polarizing member POL1, a fabrication method of a liquid
crystal display according to an embodiment of the inventive
concept will be now be described with reference to plan views
and cross-sectional views. FIGS. 7A-11A are plan views
illustrating a fabrication method of a liquid crystal display
according to an exemplary embodiment of the inventive con-
cept. FIGS. 7B-11B are cross-sectional views taken along the
line I-I' in FIGS. 7A-11A, respectively.

[0080] Referring to FIGS. 7A and 7B, a first polarizing
member POL1 is formed on a first base substrate BS1. The
first polarizing member POL1 may include a reflection part
RP and a wire-grid polarizing part WGP. The reflection part
RP is formed in the non-display area NDA. The reflection part
RP is formed in a non-display area NDA of the pixel area PA.
The reflection part RP is also formed in a non-display area
NDA corresponding to a pad area PDA. The wire-grid polar-
izing part WGP is formed in a display area DA.

[0081] Referring to FIGS. 8A and 8B, a first passivation
layer PSV1 is formed on the first polarizing member POL1. A
gate wiring part is formed on the first passivation layer PSV1.
The gate wiring part includes a gate line GL, a gate electrode
GE, and a gate pad GP.

[0082] The gate wiring part may be formed of a conductive
material, e.g., a metal. A metallayer (not shown) is formed on
the first passivation layer PSV1 and is patterned to form the
gate wiring part using a photolithography process. The gate
wiring part may include a single layer formed of a single
metal but need not be limited thereto. The gate wiring part
may include multiple layers formed of at least two kinds of
metals and/or an alloy of the metals.

[0083] Referring to FIGS. 9A and 9B, a gate insulating
layer G is formed on the resulting structure of FIGS. 9A and
8B. A semiconductor layer SM and a data wiring part are
formed after the gate insulating layer GI is formed. The data
wiring part includes a data line DL, a source electrode SE, a
drain electrode DE, and data pad DP. The data line extends in
a second direction perpendicular to the first direction. The
source electrode SE protrudes from the data line DL. The
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drain electrode DE is spaced opposite to the source electrode
SE. The data pad DP is formed at the opposite side of the
wire-grid polarizing part WGP from the gate line GL.
[0084] The gate insulating layer GI is formed by stacking
an insulating material on the gate wiring part.

[0085] The data wiring part is formed by sequentially
stacking a first semiconductor material, a second semicon-
ductor material, and a conductive material (e.g., metal) on the
first base substrate BS1 and selectively etching a first semi-
conductor layer (not shown) formed of the first semiconduc-
tor material, a second semiconductor layer (not shown)
formed of the second semiconductor material, and a conduc-
tive layer (not shown) formed of the conductive layer by a
photolithography process. A mask used in the photolithogra-
phy process may have a slit mask or a diffraction mask.
[0086] The gate electrode GE, the source electrode SE, the
drain electrode DE, and the semiconductor layer SM consti-
tute a thin film transistor.

[0087] Referring to FIGS. 10A and 10B, a second passiva-
tion layer PSV2 is formed on the resulting structure of FIGS.
9A and 9B. A first electrode EL1, a gate pad electrode GPE,
and a data pad electrode DPE are formed on the second
passivation layer PSV2 through contact holes CH1, CH2, and
CH3, respectively. The contact holes CH1, CH2, and CH3 are
formed by a photolithography process to expose a portion of
the drain electrode DE, a portion of the gate pad GP, and a
portion of the data pad DP, respectively. The first electrode
EL1 is connected to the drain electrode DE1 through the first
contacthole CH1. The gate pad electrode GPE is connected to
the gate pad GP through the second contact hole CH2. The
data pad electrode DPE is connected to the data pad DP
through the third contact hole CH2.

[0088] Referring to FIGS. 11A and 11B, a black matrix BM
and a color filter CF are formed on a second base substrate
BS2. The color filter CF may be formed by forming a color
layer exhibiting red, green, blue or another color on the sec-
ond base substrate BS2 and patterning the color layer by a
photolithography process. The method of forming the color
filter CF 1s not limited thereto and it may be formed by an
inkjet method.

[0089] The black matrix BM may be formed by forming a
light shielding layer absorbing light on the second base sub-
strate BS2 and patterning the light shielding layer by a pho-
tolithography process. The photolithography process may
use the photomask used in forming the first polarizing mem-
ber POL1. In the pixel area PA, an area in which the black
matrix BM is formed matches an area in which the reflection
part RP of the first polarizing member POL1 is formed.
Therefore, the same mask may be used. The color filter layer
of the color filter CF and the black matrix may be formed in
various orders. For example, a black matrix BM may be
formed after red, green, and blue color layers are formed.
Alternatively, red, green, and blue color layers may be formed
after a black matrix BM is formed. In addition, the formation
order of the color layers may be changed.

[0090] A second electrode EL.2 is formed on the color filter
CF and the black matrix BM.

[0091] Referring to FIGS. 11A and 11B, the second sub-
strate SUB2 is stacked over the first substrate SUB1. A liquid
crystal layer LC is formed between the first substrate SUB1
and the second substrate SUB2. In an exemplary embodi-
ment, the liquid crystal layer LC may be formed on the first
substrate SUB1. The second substrate SUB2 is stacked on the
liquid crystal layer LC and the second electrode EL2 of the
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second substrate SUB2 is in contact with the liquid crystal
layer LC. In an embodiment, the liquid crystal LC may be
formed on the second electrode EL.2 of the second substrate
SUB2. A second polarizing member POL2 is formed on the
opposite surface of the second substrate SUB2 from the sec-
ond electrode EL2. The second polarizing member POL2
may be separately formed and attached to the second base
substrate BS2 with an adhesive (not shown) interposed ther-
ebetween.

[0092] FIG. 12 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the inven-
tive concept. The liquid crystal display of FIG. 12 is substan-
tially the same structure as that of FIG. 11B except that the
liquid crystal display of FIG. 12 includes a light scattering
part LSP. For simplicity of explanation, such difference will
be explained in detail below. Like references may refer to the
like elements in FIGS. 11B and 12.

[0093] Referring to FIG. 12, the liquid crystal display may
be provided with a light scattering part LSP to increase a
recycle rate of light traveling upwardly from an underlying
backlight unit. In an exemplary embodiment of the inventive
concept, the light scattering part LSP is formed on an upper
surface of the first base substrate BS1 corresponding to the
non-display area NDA and includes a scattering pattern to
scatter the light travelling upwardly from the light source LS
below. For example, the light scattering part LSP includes a
fine uneven pattern arranged at random. The surface rough-
ness of the fine uneven pattern may be less than about 20
nanometers.

[0094] In an exemplary embodiment of the inventive con-
cept, the fine uneven pattern may be formed on the first base
substrate BS1 by a photolithography process. For example, a
photoresist is coated on the first base substrate BS1 and then
exposed and developed to remove a photoresist in an area
except for the display area DA. The first base substrate BS1 is
etched to form a light scattering pattern on a top surface of the
first base substrate BS1 corresponding to the non-display area
NDA, and the remaining photoresist is removed. The inven-
tive concept is not limited thereto, but the light scattering
pattern may be formed on the first base substrate BS1 by
forming an additional layer on the non-display area NDA and
patterning the additional layer.

[0095] FIG. 13 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the inven-
tive concept. The liquid crystal display of FIG. 13 is substan-
tially the same structure as that of FIG. 11B except that the
second polarizing member POL2 is formed between the sec-
ond base substrate and the black matrix BM. For simplicity of
explanation, such difference will be explained in detail below.
Like references may refer to the like elements in FIGS. 11B
and 13.

[0096] The second polarizing member POL2 may be
formed between the second base substrate BS2 and the black
matrix. The second polarizing member POL2 may include a
wire-grid polarizing part WGP arranged in parallel or perpen-
dicular to that the first polarizing member POL. The second
polarizing member POL2 may include a reflection part RP
formed in at least a partial area of the second polarizing
member POL2. The second polarizing member POL2 is not
limited thereto, but may include a polarize other than a wire-
grid polarizing part WGP.

[0097] Inan embodiment of the inventive concept, the lig-
uid crystal display is not limited to the structure described
above. The first electrode EL1 or the second electrode EL.2
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may be formed on the first base substrate SUB1 or the second
base substrate SUB2. In an embodiment of the inventive
concept, the color filter may be formed on the first base
substrate SUBI1.

[0098] According to exemplary embodiments of the inven-
tive concept, light from a backlight unit is reflected in a
non-display area by a reflection part RP and the reflected light
is recycled to increase the luminance of the liquid crystal
display. The increase of the luminance will now be described
in detail below.

[0099] When a first polarizing member is formed only of a
wire-grid polarizing part as a comparative sample, Lumi-
nance E ;. is expressed as equation (1). T, ,, represent total
transmittance of light emitted from the light source LS and T
represents transmittance of a wire-grid polarizing part. R
represents reflectivity of the wire-grid polarizing part, and o
represents a recycle constant of light at the backlight unit. The
o is the specific property of the first polarizing member,
which varies according to the material, shape, etc. of the first
polarizing member.

Equation (1)

1
Ewep=T, T=—-—
wep = Toot | T-oR

where,

T
Tt =T +aRT +*R*T + ... = T=em

[0100] Whena first polarizing member includes a wire-grid
polarizing part POL1 acting as a display area and a reflection
part RP acting as a non-display area, luminance E ;. may be
represented by equation (2).

L Equation (2)

Ewep =Tt |AT= ———————
wop = Lio ! T—[@AR+a(l —AR']

where,

AT

Toat = T AR T L= R ]

[0101] The luminance of equation (2) may be modified
from the luminance of equation (1) by factors R' and A. R’
represents reflectivity of a reflection part. A represents a ratio
of a display area to the entire area, i.e., an aperture ratio.
[0102] FIG. 14A shows luminance values of the compara-
tive sample and FIG. 14B shows luminance values of an
embodiment of the inventive concept. In FIG. 14A, the lumi-
nance values are expressed as relative ratios of luminance of
the comparative sample to an existing liquid crystal display
using a conventional polarizing member. In FIG. 14B, the
luminance values are expressed as relative ratios of lumi-
nance of the embodiment of the inventive concept to the
existing liquid crystal display. Both the comparative sample
and the embodiment are fabricated under the same conditions
except for first polarizing member. For example, the metal
layer has a thickness of about 150 nanometers and a pitch of
about 100 nanometers. In measuring the luminance, light is
incident perpendicularly on the first base substrate BS1. The
first polarizing member and the second polarizing member
may be disposed to be perpendicular to each other with
respect to their polarization axes, and an aperture ratio A may
beat about 45 percent.
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[0103] AsshowninFIG. 14A, the comparative example has
luminance values of about 1.5 when c.is about 80 percent and
about 1.9 when « is about 90 percent. In FIG. 14B, the
embodiment of the inventive concept has luminance values of
about 2.2 when a is about 80 percent and 2.8 when ¢ is about
90 percent. The embodiment of the inventive concept has
luminance value higher than that of the comparative sample.
As aresult, it will be understood that high luminance may be
obtained.

[0104] As described above, according to a conventional
invention, light is absorbed in a black-matrix-formed area and
thus the overall luminance of a liquid crystal display
decreases. Meanwhile, according to the present inventive
concept, a reflection part is provided in a black-matrix-
formed area to increase the luminance of a liquid crystal
display. In addition, since the reflection part is provided at the
same area as the black-matrix-formed area, the fabrication
process is simplified and fabrication cost is reduced. More-
over, since a first polarizing member may be formed on a first
base substrate by using an existing process apparatus without
separate formation of the first polarization member, time and
cost required for forming the first polarizing member are
reduced.

[0105] As described so far, a liquid crystal display with
high luminance is provided. In addition, a simple and low-
cost method of fabricating aliquid crystal display is provided.
The liquid crystal display is not limited to the structure
described above. The first electrode or the second electrode
may be formed on any one of the first and second base sub-
strates, and the color filter may also be formed on the first base
substrate. Furthermore, the shape of the liquid crystal display
need not be limited to a specific shape

[0106] While the present inventive concept has been shown
and described with reference to exemplary embodiments
thereof, it will be apparent to those of ordinary skill in the art
that various changes in form and detail may be made therein
without departing from the sprit and scope of the inventive
concept.

What is claimed is:

1. A liquid crystal display apparatus comprising:

aliquid crystal layer;

a black matrix disposed on the liquid crystal layer; and

a first polarizing member including a wire-grid polarizing

part and a reflection part, the first polarizing member
being disposed on an opposite side of the liquid crystal
layer from the black matrix,

wherein the reflection part is aligned under the black

matrix.

2. The liquid crystal display apparatus of claim 1, further
comprising a first base substrate including a display area on
which the wire-grid polarizing part is disposed.

3. The liquid crystal display apparatus of claim 1, wherein
the wire-grid polarizing part includes a plurality of metal
lines extending in a direction.

4. The liquid crystal display apparatus of claim 3, wherein
each of the plurality of metal lines includes at least one metal
of aluminum, gold, silver, copper, chromium, iron, nickel,
molybdenum, or an alloy thereof.

5. The liquid crystal display apparatus of claim 3, wherein
each of the plurality of metal lines includes at least two metal
layers.

6. The liquid crystal display apparatus of claim 1, further
comprising a second polarizing member disposed on an
opposite side of the liquid crystal layer from the first polar-
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izing member, wherein the second polarizing member has a
polarizing axis perpendicular to that of the first polarizing
member.

7. The liquid crystal display as set forth in claim 6, wherein
the second polarizing member is provided between the liquid
crystal layer and the second base substrate or provided oppo-
site to the liquid crystal layer with the second base substrate
interposed therebetween.

8. The liquid crystal display apparatus of claim 1, further
comprising a light scattering part disposed under the reflec-
tion part.

9. The liquid crystal display apparatus of claim 8, wherein
the first base substrate include a rough surface as the light
scattering part.

10. The liquid crystal display apparatus of claim 2, further
comprising a light source facing an opposite side of the first
base from the first polarizing member.

11. The liquid crystal display apparatus of claim 2, further
comprising:

a gate line disposed on the first base substrate;

a data line perpendicular to the gate line;

a thin film transistor connected to the gate line and the data

line;

a first electrode connected to the thin film transistor; and

a second electrode disposed on the opposite side of the

liquid crystal layer from the first electrode, wherein the
first and the second electrodes establish an electric field
in the liquid crystal layer.

12. The liquid crystal display apparatus of claim 11,
wherein the first base substrate further comprises a non-dis-
play area where a gate pad part and a data pad part are formed,
wherein the gate pad part is disposed at one end of the gate
line and the data pad part is disposed at one end of the data
line.

13. A fabrication method of a liquid crystal display, com-
prising the steps of:

forming a first polarizing member including a wire-grid

polarizing part and a reflection part on a first base sub-
strate;

forming a black matrix on the second base substrate;

disposing a liquid crystal layer on the first base substrate;

and

stacking the second base substrate on the first base sub-

strate, wherein the black matrix is aligned over the
reflection part.

14. The fabrication method of claim 13, further comprising
a step of forming a second polarizing member on an opposite
surface of the second base substrate from the black matrix.

15. The fabrication method of 12, further comprising a step
of forming a second polarizing member on an opposite sut-
face of the second base substrate from the black matrix,
before the step of stacking the second base substrate on the
first base substrate.

16. The fabrication method of claim 12, wherein the step of
forming a first polarizing member comprises the steps of:

forming a metal layer on the first base substrate;

forming a first pattern layer on the metal layer;

forming a second pattern layer on the first base substrate by

a photolithography process;
patterning the metal layer using the first pattern layer as a
mask to form a wire-grid polarizing part; and
removing the second pattern layer to form a reflection part.

17. The fabrication method of claim 16, wherein the step of

forming a first pattern layer comprises the steps of:
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forming a preliminary pattern layer on the metal layer;

forming a polymer layer on the preliminary layer;

imprinting a master mold on the polymer layer, wherein the
master mold includes a reverse pattern of the first pattern
layer; and

patterning the preliminary pattern layer using the polymer

layer as a mask.

18. The fabrication method of claim 16, wherein the black
matrix is formed by a photolithography process using a sec-
ond mask, and the first mask and the second mask are sub-
stantially the same.

19. The fabrication method of claim 13, further compris-
ing:

forming a roughed surface on a surface of the first base

substrate, wherein the roughed surface is positioned
below the reflection part.

20. The fabrication method of claim 19, wherein the
roughed surface is formed by etching the surface of the first
base substrate so that a surface roughness of the roughed
surface is about 20 nm.
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21. A liquid crystal display apparatus comprising:

a liquid crystal layer;

a light source;

a first polarizing member including a wire-grid polarizing
part and a reflection part and being disposed between the
liquid crystal layer and the light source; and

a reflector disposed below the light source, wherein the
reflector reflects light from the light source and light
reflected from the reflection part.

22.The liquid crystal display apparatus of claim 21, further
comprising a light scattering part disposed below the reflec-
tion part.

23. The liquid crystal display apparatus of claim 22,
wherein the light scattering part is formed of a roughed sur-
face of a transparent insulating layer.

24. The liquid crystal display apparatus of claim 23,
wherein the roughed surface has a surface roughness of about
20 nm.
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