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(57) ABSTRACT

A substrate for a display panel includes a transparent elec-
trode layer and an alignment layer. The transparent electrode
layer is disposed on an insulating substrate, the transparent
electrode layer being electrically floated. The alignment layer
is disposed on the insulating substrate on which the transpar-
ent electrode layer is formed, and the alignment layer having
a pre-tilt angle tilted about 85° to about 90° form the insulat-
ing substrate.
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SUBSTRATE FOR DISPLAY PANEL, LIQUID
CRYSTAL DISPLAY PANEL HAVING THE
SUBSTRATE, AND METHOD OF
MANUFACTURING THE SAME

PRIORITY STATEMENT

[0001] The present application claims priority under 35
U.S.C. § 119 to Korean Patent Application No. 2008-44883,
filed on May 15, 2008 in the Korean Intellectual Property
Office (KIPO), the contents of which are herein incorporated
by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a substrate for a
display panel, aliquid crystal display (LCD) panel having the
substrate, and a method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (LCD) apparatus
includes a lower substrate, an upper substrate and a liquid
crystal layer interposed between the substrates. In the LCD
apparatus, liquid crystal molecules of the liquid crystal layer
vary an arrangement thereof in response to a voltage differ-
ence between a common electrode of the upper substrate and
a pixel electrode of the lower substrate, and thus the light
transmittance thereof may be changed to display an image.
[0006] The liquid crystal molecules of the LCD apparatus
have anisotropy so that the image display quality of the LCD
apparatus varies based on a viewing angle. A conventional
LCD apparatus has a narrower viewing angle than other types
of display apparatuses. Therefore, in order to improve the
viewing angle, a patterned vertical alignment (PVA) mode
LCD apparatus and an electrically-induced optical compen-
sation (EOC) mode LCD apparatus have been developed.
[0007] In the PVA mode LCD apparatus, a common elec-
trode formed on an upper substrate and a pixel electrode
formed on a lower substrate are patterned. During operation,
different voltages are applied to the patterned common elec-
trode and the patterned pixel electrode to form a multi-do-
main structure.

[0008] The EOC mode LCD apparatus includes a first sub-
strate having two electrodes substantially in parallel with
each other, a second substrate, vertical alignment layers that
are formed on the first and second alignment layers, respec-
tively, and a liquid crystal layer interposed between the first
and second substrates and having positive dielectric anisot-
ropy. When a voltage is applied to the two electrodes, an
electric field of a horizontal direction is formed between the
two electrodes so that liquid crystal molecules are driven by
the electric field of the horizontal direction.

[0009] The potential energy of the liquid crystal with
respect to the elastic energy of the liquid crystal is increased,
as the driving voltage of the EOC mode LCD apparatus is
increased. When the LCD panel is pressed, the liquid crystal
at the texture portion of the pressed LCD panel lies down.
After the pressure is lifted from the LCD panel, the liquid
crystal of the texture portion maintains the lying-down state.
Therefore, refractive index anisotropy may be increased at the
texture portion to display a yellowish image.

SUMMARY OF THE INVENTION

[0010] The present invention provides a substrate for a
display panel capable of improving image display quality.
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[0011] The present invention also provides a method of
manufacturing the substrate.

[0012] The present invention also provides a liquid crystal
display (LCD) panel having the substrate.

[0013] The present invention also provides a method of
manufacturing the LCD panel.

[0014] In an example according to the present invention, a
substrate for a display panel includes a transparent electrode
layer and an alignment layer. The transparent electrode layer
is disposed on an insulating substrate, the transparent elec-
trode layer being electrically floated. The alignment layer
having apre-tiltangle tilted about 85° to about 90°is disposed
on the insulating substrate on which the transparent electrode
layer is formed.

[0015] Inan example method of manufacturing the second
substrate according to the present invention, a transparent
electrode layer is formed on an insulating substrate, the trans-
parent electrode layer is electrically floated. An alignment
layer having a pre-tilt angle tilted about 85° to about 90° is
formed on the insulating substrate on which the color filter
layer is formed.

[0016] Inanexample according to the present invention, an
LCD panel includes a first substrate, a second substrate, and
a liquid crystal layer. The first substrate includes a first pixel
electrode having a plurality of first electrode bars and a sec-
ond pixel electrode having a plurality of second electrode bars
disposed between the first electrode bars disposed on a first
insulating substrate. The second substrate opposes the first
substrate and includes a transparent electrode layer disposed
on a second insulating substrate to be electrically floated and
an alignment layer disposed on the transparent electrode layer
to have a pre-tiltangle tilted about 85° to about 90°. The liquid
crystal layer is disposed between the first substrate and the
second substrate.

[0017] In an example method of manufacturing the LCD
panel according to the present invention a first substrate
including a first pixel electrode and a second pixel electrode
disposed on a first insulating substrate is formed. The first
pixel electrode includes a plurality of first electrode bars and
the second pixel electrode includes a plurality of second
electrode bars disposed between the first electrode bars. A
second substrate including a transparent electrode layer dis-
posed on a second insulating substrate opposing the first
substrate is formed The transparent electrode layer is electri-
cally floated, and an alignment layer is disposed on the trans-
parent electrode layer. A liquid crystal layer including a reac-
tive mesogen is formed between the first substrate and the
second substrate. A pre-tilt angle of about 85° to about 90° is
formed in an alignment layer of the first substrate and the
second substrate. The pre-tilt angle is formed by irradiating
the light when the liquid crystal is driven to display a white
image.

[0018] Accordingly, although the LCD panel is pressed, the
liquid crystal may be easily restored to the original position to
prevent the formation of spots and improve image quality. An
alignment layer may have a pre-tilt angle corresponding to the
liquid crystal alignment of a white image to improve the
response time of the liquid crystal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other advantages of the present
invention will become more apparent by describing in detail
example embodiments thereof with reference to the accom-
panying drawings, in which:
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[0020] FIG. 1 is a plan view illustrating a liquid crystal
display (LCD) panel in accordance with one embodiment I of
the present invention;

[0021] FIG.2isacross-sectional view taken along aline I-I'
shown in FIG. 1;

[0022] FIG. 3 is an equivalent circuit diagram illustrating
the LCD panel in FIG. 1;

[0023] FIGS. 4A to 4C are cross-sectional views illustrat-
ing a process for manufacturing the first substrate in FIG. 2;
[0024] FIGS.5A and 5B are cross-sectional views illustrat-
ing a process for manufacturing the second substrate in FIG.
2;

[0025] FIG. 6is a flowchart illustrating a process for manu-
facturing the LCD panel in FIG. 2;

[0026] FIGS. 7 to 9 are cross-sectional views illustrating
LCD panels in accordance with another embodiment of the
present invention.

[0027] FIG.101s across-sectional view illustrating a liquid
crystal display (LCD) panel in accordance with one embodi-
ment 2 of the present invention; and

[0028] FIGS. 11 and 12 are cross-sectional views illustrat-
ing LCD panels in accordance with another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the draw-
ings, the size and relative sizes of layers and regions may be
exaggerated for clarity.

[0030] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0031] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0032] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
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figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0033] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0034] Embodiments of the invention are described herein
withreference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing. For example, an implanted region illus-
trated as a rectangle will, typically, have rounded or curved
features and/or a gradient of implant concentration at its
edges rather than a binary change from implanted to non-
implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the invention.
[0035] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0036] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings.

EMBODIMENT 1

[0037] FIG. 1 is a plan view illustrating a liquid crystal
display (LCD) panel in accordance with one embodiment of
the present invention. FIG. 2 is a cross-sectional view taken
along a line I-I' shown in FIG. 1.

[0038] Referring to FIGS. 1 and 2, the LCD panel includes
a first substrate 100, a second substrate 200 and a liquid
crystal layer 300.

[0039] The first substrate 100 includes a first insulating
substrate 101 having a pixel area, a gate line GL, a first data
line DL1, a second data line DL2, a storage line STL, a first
switching element TR1, a second switching element TR2, a
first pixel electrode PE1, a second pixel electrode PE2, and a
first alignment layer 170, disposed thereon.
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[0040] The gate line GL extends in a first direction, and the
first and second data lines D1 and DL2 extend in a second
direction crossing the first direction to be adjacent each other.
The storage line STL extends in the first direction to be
formed in the pixel area P, and adjacent to the gate line GL.

[0041] The first switching element TR1 is disposed adja-
cent to an area in which the gate line GL and the first data line
DL1 cross each other. The first switching element TR1
includes a gate electrode GE1 connected to the gate line GL,
a source electrode SE1 connected to the first data line DL1,
and a drain electrode DE1 electrically connected to the first
pixel electrode PE1 through a first contact part CT1.

[0042] The second switching element TR2 is disposed
adjacent to an area in which the gate line GL and the second
data line DL2 cross each other. The second switching element
TR2 includes a gate electrode GE2 connected to the gate line
GL, a source electrode SE2 connected to the second data line
DL2, and a drain electrode DE connected to the second pixel
electrode PE2 through a second contact part CT2. The first
and second switching elements TR1 and TR2 further include
afirst channel pattern CH1 and a second channel pattern CH2,
respectively.

[0043] The first pixel electrode PE1 and the second pixel
electrode PE2 are disposed in the pixel area P to receive first
and second voltages having the potential difference, respec-
tively. The first pixel electrode PE1 has a plurality of first
electrode bars E1, and the second pixel electrode PE2 has a
plurality of second electrode bars E2. The second electrode
bars E2 are alternately disposed between the first electrode
bars E1.

[0044] The first electrode bars E1 receive a data voltage of
a first polarity (+) applied from the first data line DL1 through
the first switching element TR1 to have the first polarity. The
second electrode bars E2 receive a data voltage of a second
polarity (=) applied from the second data line DL2 through
the second switching element TR2 to have the second polar-
ity. For example, the first and second electrode bars E1 and E2
are disposed on the same plane so that a horizontal electric
field is formed in the pixel area P by the potential difference
of the first and second electrode bars E1 and E2.

[0045] The first alignment layer 170 is disposed on the first
insulating substrate 101 having the first and second electrode
bars E1 and E2. The first alignment layer 170 has a pre-tilt
angle corresponding to a direction in which liquid crystal is
aligned when the LCD panel displays a white image.

[0046] For example, the pre-tilt angle is about 85° to about
90° and preferably 90°. The pre-tilt angle is preferably 90° for
a contrast ratio and a manufacturing process, and preferably
under 90° for the response time. Thus, the first alignment
layer 170 tilts the liquid crystal to the pre-tilt angle to verti-
cally align the liquid crystal without an electric field.

[0047] A method of forming the pre-tilt angle in the first
alignment layer 170 may employ various methods. For
example, a photoalignment method, a rubbing method, a
reactive mesogen (RM) method, etc, may be used. The pho-
toalignment method uses an ultraviolet (UV) light or a laser to
form the pre-tilt angle on a photoalignment layer. The photo-
alignment layer is disposed on the first insulating substrate
101 having the first and second electrodes E1 and E2. The
photoalignment layer is irradiated by using a UV light or a
laser to form the pre-tilt angle on the photoalignment layer.
The RM method uses the RM to form the pre-tilt angle on the
alignment layer. The liquid crystal layer 300 includes the RM
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to display the white image. The RM of the liquid crystal layer
300 is then hardened by using a UV light to form the pre-tilt
angle on the alignment layer.

[0048] The first substrate 100 may further include a gate
insulation layer 120, a protective insulating layer 150, and the
organic layer 160. The first substrate 100 further includes a
blocking layer (not shown) disposed on the organic layer 160
corresponding to area in which the first and second data lines
DL1 and DL2, the storage line STL, the first switching ele-
ment TR1, and the second switching element TR2 are formed.
[0049] The second substrate 200 includes the second insu-
lating substrate 201. A transparent electrode layer 210, a
dielectric layer 235, and a second alignment layer 240 are
disposed on the second insulating substrate 201. The dielec-
tric layer 235 is comprised of a dielectric substance and for
example, includes a color filter layer 220 and an overcoating
layer 230. A thickness W of the dielectric layer 235 may be 0
wm and more when a cell gap d of the liquid crystal layer 300
1s larger than 3 pm. The thickness W ofthe dielectric layer 235
may be larger than (3-d)um when a cell gap d of the liquid
crystal layer 300 is 3 wm and less. The thickness W of the
dielectric layer 235 may be O um when a cell gap d of the
liquid crystal layer 300 is larger than 3 pm.

[0050] The transparent electrode layer 210 is formed into a
single pattern on the entire second insulating substrate 201 to
have an electrically floating structure. The transparent elec-
trode layer 210 does not receive a driving voltage.

[0051] The color filter layer 220 is disposed on the trans-
parent electrode layer 210 corresponding to the pixel area P.
The color filter layer 220 includes red, green, and blue color
filters.

[0052] Theovercoating layer 230 is disposed on the second
insulating substrate 201 having the color filter layer 220 to
flatten the second substrate 200.

[0053] The second alignment layer 240 has a pre-tilt angle
corresponding to a direction in which liquid crystal is aligned
when the LCD panel displays a white image. For example, the
pre-tilt angle is about 85° to about 90° and preferably 90°. The
pre-tilt angle is preferably 90° for a contrast ratio and a
manufacturing process, and preferably under 90° for the
response time. Thus, the second alignment layer 240 tilts the
liquid crystal to the pre-tilt angle to vertically align the liquid
crystal without an electric field.

[0054] Theliquid crystal layer 300 includes a positive bire-
fringence liquid crystal. The liquid crystal layer 300 has a
normally black mode in which the liquid crystal layer 300
displays a black image without the electric field and a white
image when the electric field is applied. The liquid crystal
layer 300 is aligned corresponding to the liquid crystal align-
ment of the white image without the electric field due to the
pre-tilt angle of the first and second alignment layers 170 and
240.

[0055] For example, the liquid crystal layer 300 is verti-
cally aligned without the electric field to block the light, and
tilted by the horizontal electric field between the first and
second electrode bars E1 and E2 in the electric field to trans-
mit the light.

[0056] The liquid crystal is vertically aligned between the
first and second electrodes, so that a black line is displayed
between the first and second electrodes. The black line dis-
played between the first and second electrodes is a texture.
After the pressure is lifted from the liquid crystal of the
texture, the liquid crystal of the texture may not return to the
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vertical alignment. Thus, a portion formed the texture is lumi-
nous in comparison with other portions of the LCD panel to
display spots.

[0057] According to the embodiment of the present inven-
tion, the second substrate 200 includes the transparent elec-
trode layer 210 having an electrically floating structure so that
the texture may not be formed between the first and second
electrodes E1 and E2. Thus, the LCD panel of the embodi-
ment may prevent the formation of spots. A spot occurs when
the vertical alignment of the liquid crystal is not restored after
the pressure is lifted.

[0058] In addition, the second substrate 200 includes the
transparent electrode layer 210 having the floating structure
to reduce the response time of the liquid crystal. However, the
firstand second alignment layers 170 and 240 have the pre-tilt
angle to improve the response time of the liquid crystal.
[0059] Therefore, the LCD panel of the embodiment may
improve the image display quality and the response time.
[0060] FIG. 3 is an equivalent circuit diagram illustrating
the LCD panel in F1G. 1.

[0061] Referring to FIGS. 1 and 3, a pixel unit Pu is formed
in the pixel area P of the LCD panel. The pixel unit Pu is
driven by a data signal and a gate signal transmitted through
data lines DL1 and D12, and a gate line GL. For example, the
pixel unit Pu includes a first switching element TR1, a second
switching element TR2, aliquid crystal capacitor CLC, a first
storage capacitor CST1, and a second storage capacitor
CST2. The first switching element TR1 includes a control
electrode (hereinafter referred to as ‘gate electrode’) con-
nected to the gate line GL, an input electrode (hereinafter
referred to as ‘source electrode’) connected to a first data line
DL 1, and an output electrode (hereinafter referred to as
‘drain electrode’) connected to a first end of the liquid crystal
capacitor CLC. The second switching element TR2 includes
a gate electrode connected to the gate line GL, a source
electrode connected to a second data line DL2, and a drain
electrode connected to a second end of the liquid crystal
capacitor CLC.

[0062] The first and second data lines DL1 and DL2 receive
data signals of dual polarity corresponding to the pixel unit
Pu. For example, the first data line DL1 receives a data signal
of a positive polarity (+), and the second data line DL2
receives a data signal of a negative polarity (=). Thus, the pixel
unit Pu receives the data signals of the positive polarity (+)
and the negative polarity (=) to drive the liquid crystal capaci-
tor at a high voltage. The dual polarity driving mode may
improve a response time and transmissivity.

[0063] FIGS. 4A to 4C are cross-sectional views illustrat-
ing a process for manufacturing the first substrate in FIG. 2.
[0064] Referring to FIGS. 2 and 4A, a gate metal layer is
formed on the first insulating substrate 101. The gate metal
layer is patterned to form a gate metal pattern including the
gate line GL, the gate electrodes GE1 and GE2, and the
storage line STL.

[0065] A gate insulation layer 120 is formed on the first
insulating substrate 101 on which the gate metal pattern is
formed.

[0066] Referring to FIGS. 2 and 4B, channel patterns CH1
and CH2 are formed on the first insulating substrate on which
the gate insulation layer 120 is formed. A source metal layer
is formed on the first insulating substrate 101 on which the
channel patterns CH1 and CH2 are formed. The source metal
layer is patterned to form a source metal pattern including the
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first and second data lines DL1 and DL2, the source elec-
trodes SE1 and SE2, and the drain electrodes DE1 and DE2.
[0067] Herein, the channel patterns CH1 and CH2 and the
source metal pattern are formed by using the different masks.
However, the channel patterns CH1 and CH2 and the source
metal pattern may be formed by using the same mask.
[0068] Referring to FIGS. 2 and 4C, a protective insulating
layer 150 is formed on the first insulating substrate 101 on
which the source metal pattern is formed. An organic layer
160 is formed on the first insulating substrate 101 on which
the protective insulating layer 150 is formed.

[0069] The organic layer 160 and the protective insulating
layer 150 are etched to form first and second contact parts
CT1 and CT2 to expose the drain electrodes DE1 and DE2. A
transparent conductive layer is formed on the first insulating
substrate 101 on which the first and second contact parts CT1
and CT2 are formed. The transparent conductive layer is
patterned to form the first and second pixel electrodes PE1
and PE2. The first and second pixel electrodes PE1 and PE2
are electrically connected to the drain electrodes DE1 and
DE2 through the first and second contact parts CT1 and CT2.
The first and second pixel electrodes PE1 and PE2 are pat-
terned into a plurality of bars, and include a plurality of first
electrode bars E1 and a plurality of second electrode bars E2,
respectively.

[0070] A first alignment layer 170 is formed on the first
insulating substrate 101 on which the first and second pixel
electrodes PE1 and PE2 are formed. The first alignment layer
170 has the pre-tilt angle corresponding to the liquid crystal
alignment of the white image by using the photoalignment
method, the rubbing method, etc. For example, the pre-tilt
angle is about 85° to about 90° and preferably 90°. The pre-tilt
angle is preferably 90° for a contrast ratio and a manufactur-
ing process, and preferably under 90° for the response time.
[0071] FIGS.5A and 5B are cross-sectional views illustrat-
ing a process for manufacturing the second substrate in FIG.
2.

[0072] Referring to FIGS. 2 and 5A, the transparent elec-
trode layer 210 is formed on the second insulating substrate
201. The transparent electrode layer 210 is formed into a
single pattern on the entire second insulating substrate 201 to
have an electrically floating structure.

[0073] Referring to FIGS. 2 and 5B, the color filter layer
220 is formed on the second insulating substrate 201 on which
the transparent electrode layer 210 is formed. The color filter
layer 220 is formed in the pixel area. Color filter layers of red,
green, and blue are formed in pixel areas of red, green and
blue, respectively.

[0074] The overcoating layer 230 is formed on the second
insulating substrate 201 on which the color filter layer 220 is
formed. The overcoating layer 230 is formed on the color
filter layer 220 to compensate the step of the color filter layer
220. The overcoating layer 230 flattens the second first sub-
strate 200. The overcoating layer 230 may be formed to a
thickness of about 2 pm.

[0075] The second alignment layer 240 is formed on the
second insulating substrate 201 on which the overcoating
layer 230 is formed. The second alignment layer 240 has the
pre-tilt angle corresponding to the liquid crystal alignment of
the white image by using the photoalignment method, the
rubbing method, etc. For example, the pre-tilt angle is about
85° to about 90° and preferably 90°. The pre-tilt angle is
preferably 90° for a contrast ratio and a manufacturing pro-
cess, and preferably under 90° for the response time.
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[0076] FIG. 6is a flowchart illustrating a process for manu-
facturing the LCD panel in FIG. 2.

[0077] Referring to FIGS. 4A, 4B, 4C and 6, the first sub-
strate 100 is manufactured (step S110). The first substrate 100
includes the first substrate 101, the first pixel electrode PE1
having the first electrode bars E1 disposed on the first sub-
strate 101, and the second pixel electrode PE2 having the
second electrode bars E2 disposed between the first electrode
bars.

[0078] Referring to FIGS. 5A, 5B and 6, the second sub-
strate 200 is manufactured (step S130). The second substrate
200 includes the second insulating substrate 201, the trans-
parent electrode layer 210 having an electrically floating
structure disposed on the second insulating substrate 201, and
the color filter layer 220 disposed on the transparent electrode
layer 210.

[0079] Referring to FIGS. 2 and 6, the first substrate 100 is
coupled with the second substrate 200 by using the sealant
(not shown) (step S150). The liquid crystal layer 300 is dis-
posed between the first substrate 100 and the second substrate
200 (step S170). The liquid crystal layer 300 includes the
liquid crystal and the RM.

[0080] TheLCD panel in which theliquid crystal layer 300
is disposed is driven to display the white image, and the LCD
panel is irradiated by a UV light to harden the RM. The pre-tilt
angle corresponding to the liquid crystal alignment of the
white image is formed in the alignment layers of the first
substrate 100 and the second substrate 200 by the RM (step
S190).

[0081] Hereinafter, a plurality of samples of various LCD
panels according to a first embodiment was manufactured,
and the liquid crystal alignments of the samples were com-
pared in a horizontal electric field.

[0082] A conventional LCD panel of sample 1 included a
second substrate in which a transparent electrode layer was
not disposed. An LCD panel of sample 2 according to the
embodiment included a second substrate in which a transpar-
ent electrode layer having the floating structure was disposed.
An LCD panel of sample 3 according to the embodiment
further included the alignment layer having a pre-tilt angle in
comparison with sample 2.

[0083] The first and second electrode bars formed the LCD
panels of samples 1, 2 and 3 received the data signals of the
positive (+) and negative (-) polarity, so that the horizontal
electric field was formed in the LCD panels of samples 1, 2
and 3, respectively. The liquid crystal layers of samples 1, 2
and 3 were aligned as shown in FIGS. 710 9.

[0084] FIGS.7to9 are cross-sectional views illustrating an
LCD panel in accordance with another embodiment of the
present invention.

[0085] Referring to FIG. 7, the LCD panel 400 was manu-
factured to include a first substrate 410, first and second
electrode bars E1 and E2, a second substrate 430 coupled with
the first substrate 410, and a liquid crystal layer 450 disposed
between the first substrate 410 and the second substrate 430.
The transparent electrode layer was not formed in the second
substrate 430.

[0086] In the horizontal electric field, the liquid crystal of
the liquid crystal layer 450 was vertically aligned in areas in
which the first electrode bars E1 were formed and the second
electrode bars E2 were formed. Also, the liquid crystal of the
liquid crystal layer 450 was vertically aligned in a central
portion C between the first and second electrode bars E1 and
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B2. The liquid crystal disposed in an area between the first
electrode bars E1 and the central portion C was tilted toward
the central portion C.

[0087] Thus, when the transparent electrode layer was not
formed in the second substrate 430, the texture having verti-
cally aligned liquid crystal was formed on the central portion
C between the first and second electrode bars E1 and E2.
[0088] When the LCD panel 400 is pressed, the liquid
crystal of the texture portion lies down to transmit the light.
After the pressure is lifted from the LCD panel 400, the liquid
crystal of the texture portion may not return to the vertical
alignment and maintain a lying-down state. Thus, the texture
portion may be brightly displayed to cause a yellowish image.
[0089] Referring to FIG. 8, the LCD panel 500 was manu-
factured to include a first substrate 510, first and second
electrode bars E1 and E2, a second substrate 530 coupled with
the first substrate 510, and a liquid crystal layer 550 disposed
between the first substrate 510 and the second substrate 530.
The second substrate 530 included a transparent electrode
layer 531 having an electrically floating structure and the
color filter layer 532.

[0090] In the horizontal electric field, the liquid crystal of
the liquid crystal layer 550 was vertically aligned in areas in
which the first electrode bars E1 were formed and the second
electrode bars E2 were formed.

[0091] However, theliquid crystal of the liquid crystal layer
550 was tilted in a central portion C between the first and
second electrode bars E1 and E2, which is differently aligned
from the liquid crystal of sample 1.

[0092] When the transparent electrode layer was formed in
the second substrate 530, the texture that the liquid crystal
that was vertically aligned was not formed on the central
portion C between the first and second electrode bars E1 and
E2 as shown in F1G. 7.

[0093] Thus, the texture was not formed at the LCD panel
500 of sample 2, thereby preventing a yellowish image.
[0094] The response time of the LCD panel 500 was
reduced to about 30 ms by the second substrate having the
transparent electrode layer of floating structure.

[0095] Referring to FIG. 9, an LCD panel of sample 3
further included the alignment layer 633 having the pre-tilt
angle in comparison with the LCD panel of sample 2. The
pre-tilt angle corresponds to the liquid crystal alignment in
driving of the LCD panel to display a white image.

[0096] In the horizontal electric field, the liquid crystal of
the liquid crystal layer 650 was vertically aligned in areas in
which the first electrode bars E1 were formed and the second
electrode bars E2 were formed. However, the liquid crystal of
the liquid crystal layer 650 was tilted in a central portion C
between the first and second electrode bars E1 and E2. When
the transparent electrode layer was formed in the second
substrate 630 as sample 2, the texture was not formed on the
central portion C between the first and second electrode bars
E1 and E2 thereby preventing a yellowish image.

[0097] The response time of the LCD panel 600 was
detected to be about 18 ms. In comparison with sample 2, the
response time of the LCD panel 600 improved by about 40%
by the alignment layer having the pre-tilt angle.

EMBODIMENT 2

[0098] FIG. 101is across-sectional view illustrating aliquid
crystal display (LCD) panel in accordance with a second
embodiment of the present invention. Hereinafter, the same
reference numerals will be used to refer to the same or like
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parts as those described in the first embodiment, and any
further repetitive explanation concerning the above elements
will be omitted.

[0099] Referringto FIGS. 1 and 10, the LCD panel includes
a first substrate 110a, a second substrate 200a and a liquid
crystal layer 300a.

[0100] The first substrate 100a includes a first insulating
substrate 101, and a color filter layer 220 disposed on the first
insulating substrate 101. For example, the color filter 220 is
disposed on the first insulating substrate 101 on which a gate
line GL, a first data line DL1, a second data line DL2, a
storage line STL, a first switching element TR1, and a second
switching element TR2 formed. A first pixel electrode PE1, a
second electrode PE2, and a first alignment layer 170 are
disposed on the color filter layer 220.

[0101] The second substrate 200a includes an insulating
substrate 201, a transparent electrode layer 210, and a second
first alignment layer 240. The transparent electrode layer 210
is formed into a single pattern on the entire second insulating
substrate 201 to have an electrically floating structure. The
transparent electrode layer 210 does not receive a driving
voltage.

[0102] The liquid crystal layer 300a is vertically aligned
without the electric field to block the light, and tilted by the
horizontal electric field between the first and second electrode
bars E1 and E2 in the electric field to transmit the light. A cell
gap d of the liquid crystal layer 3004 is about 6 pm.

[0103] The first and second alignment layers 170 and 240
have the pre-tilt angle. For example, the pre-tilt angle is about
85° to about 90° and preferably 90°. The pre-tilt angle is
preferably 90° for a contrast ratio and a manufacturing pro-
cess, and preferably under 90° for the response time.

[0104] Hereinafter, a method of manufacturing the first
substrate 100a will be simply described, referring to FIGS.
4A to 4C.

[0105] Referring to FIGS. 4A, 4B and 10, a gate metal layer
is formed on the first insulating substrate 101. The gate metal
layer is patterned to form a gate metal pattern including the
gate line GL, the gate electrodes GE1 and GE2, and the
storage line STL.

[0106] A gate insulation layer 120 is formed on the first
insulating substrate 101 on which the gate metal pattern is
formed. Channel patterns CH1 and CH2 are formed on the
first insulating substrate on which the gate insulation layer
120 is formed. A source metal layer is formed on the first
insulating substrate 101 on which the channel patterns CH1
and CH2 are formed. The source metal layer is patterned to
form a source metal pattern including the first and second data
lines D1 and DL2, the source electrodes SE1 and SE2, and
the drain electrodes DE1 and DE2. Herein, the channel pat-
terns CH1 and CH2 and the source metal pattern are formed
by using the different masks. However, the channel patterns
CH1 and CH2 and the source metal pattern may be formed by
using the same mask.

[0107] Referring to FIGS. 4C and 10, a protective insulat-
ing layer 150 is formed on the first insulating substrate 101 on
which the source metal pattern is formed. A color filter layer
220 is formed on the first insulating substrate 101 on which
the protective insulating layer 150 is formed. The color filter
layer 220 and the protective insulating layer 150 are etched to
form first and second contact parts CT1 and CT2 to expose the
drain electrodes DE1 and DE2. A transparent conductive
layer is formed on the first insulating substrate 101 on which
the first and second contact parts CT1 and CT2 are formed.
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The transparent conductive layer is patterned to form the first
and second pixel electrodes PE1 and PE2. The first and sec-
ond pixel electrodes PE1 and PE2 are electrically connected
to the drain electrodes DE1 and DE2 through the first and
second contact parts CT1 and CT2. The first and second pixel
electrodes PE1 and PE2 are patterned into a plurality of bars
and include a plurality of first electrode bars E1 and a plurality
of second electrode bars E2, respectively. A first alignment
layer 170 is formed on the first insulating substrate 101 on
which the first and second pixel electrodes PE1 and PE2 are
formed.

[0108] Hereinafter, a method of manufacturing the second
substrate 200a will be described with reference to FIG. SA.
[0109] Referring to FIGS. 5A and 10, the transparent elec-
trode layer 210 is formed on the second insulating substrate
201. The transparent electrode layer 210 is formed into a
single pattern on the entire second insulating substrate 201 to
have an electrically floating structure. The second alignment
layer 240 is formed on the second insulating substrate 201 on
which the transparent electrode layer 210 is formed.

[0110] A method of manufacturing the LCD panel accord-
ing to the second embodiment is substantially the same as the
method of the first embodiment, and any further repetitive
explanation concerning the method of manufacturing the
LCD panel will be omitted.

[0111] Hereinafter, a plurality of samples of various LCD
panels according to the second embodiment was manufac-
tured, and the liquid crystal alignments of the samples were
compared in a horizontal electric field.

[0112] AnLCDpanel of sample 4 according to the embodi-
ment included a liquid crystal layer having a cell gap d of
about 6 um and a second substrate not having a dielectric
layer disposed between a transparent electrode layer and the
liquid crystal layer. An LCD panel of sample 5 according to
the embodiment included the liquid crystal layer having a cell
gap d of about 3nm and a second substrate not having a
dielectric layer disposed between a transparent electrode
layer and the liquid crystal layer.

[0113] FIGS. 11 and 12 are cross-sectional views illustrat-
ing LCD panels in accordance with another embodiment of
the present invention.

[0114] Referring to FIG. 11, the LCD panel 700 of the
sample 4 included a first substrate 710, a second substrate 730
opposite to the first substrate 710, and a liquid crystal 750.
The first substrate 710 included first and second electrode
bars E1 and E2 and a first alignment layer 711. The second
substrate 730 included a transparent electrode layer 731 hav-
ing an electrically floating structure and a second alignment
layer 733. The liquid crystal 750 had a cell gap of about 6 um.
The first and second alignment layer 711 and 733 had a
thickness of about 0.1 um, respectively.

[0115] In the horizontal electric field, the liquid crystal of
the liquid crystal layer 750 was vertically aligned in areas in
which the first electrode bars E1 were formed and the second
electrode bars E2 were formed. However, the liquid crystal
disposed in an area between the first electrode bars E1 and the
central portion C was tilted toward the central portion C.
[0116] In addition, a transmissivity measured in an area
between the first and second electrode bars E1 and E2 was
about 23.38%.

[0117] Referring to FIG. 12, the LCD panel 800 of the
sample 5 included a first substrate 810, a second substrate 830
opposite to the first substrate 810 and a liquid crystal 850. The
first substrate 810 included first and second electrode bars E1
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and E2 and a first alignment layer 811. The second substrate
830 included a transparent electrode layer 831 having an
electrically floating structure and a second alignment layer
833. The liquid crystal 850 had a cell gap of about 3 pm.
[0118] In the horizontal electric field, the liquid crystal of
the liquid crystal layer 850 was vertically aligned in areas in
which the first electrode bars E1 were formed and the second
electrode bars E2 were formed. However, the liquid crystal
disposed in an area between the first electrode bars E1 and the
central portion C was tilted toward the central portion C.
[0119] In addition, a transmissivity measured in an area
between the first and second electrode bars E1 and E2 was
about 8.69%. The transmissivity of the LCD panel 800 was
under 10% so that the LCD panel 800 might be not developed
into the LCD.

[0120] Incomparing samples 4 with 5, when the cell gap of
the liquid crystal layer increased in the LCD panel having the
second substrate that did not have a dielectric layer disposed
between the transparent electrode layer and the liquid crystal
layer, a texture was not caused between the first and second
electrode bars E1 and E2 to obtain a target transmissivity.
[0121] According to the present invention, a second sub-
strate includes a transparent electrode layer of an electrically
floating structure, so that a texture may not be formed in an
area between first and second electrode bars in which the
horizontal electric field is formed. Thus, the spots that occur
when liquid crystal is not restored to the original state when
pressure is lifted may be prevented, so that image display
quality may be improved.

[0122] In addition, an alignment layer includes a pre-tilt
angle, so that a problem in which the response time of the
liquid crystalis deteriorated by the transparent electrode layer
of the second substrate may be improved.

[0123] This invention has been described with reference to
the example embodiments. It is evident, however, that many
alternative modifications and variations will be apparent to
those having skill in the art in light of the foregoing descrip-
tion. Accordingly, the present invention embraces all such
alternative modifications and variations as falling within the
spirit and scope of the appended claims.

What is claimed is:

1. A substrate for a display panel comprising:

a transparent electrode layer disposed on an insulating
substrate, the transparent electrode layer being electri-
cally floated; and

an alignment layer disposed on the insulating substrate on
which the transparent electrode layer is formed, the
alignment layer having a pre-tilt angle tilted about 85° to
about 90° form the insulating substrate.

2. The substrate of claim 1, further comprising a dielectric
layer disposed between the transparent electrode layer and
the alignment layer.

3. The substrate of claim 2, wherein the dielectric layer
includes a color filter layer.

4. The substrate of claim 3, wherein the dielectric layer
further includes an overcoating layer disposed between the
color filter layer and the alignment layer.

5. The substrate of claim 1, wherein the alignment layer has
the pre-tilt angle tilted about 90° form the insulating sub-
strate.

6. A method of manufacturing the substrate comprising:

forming a transparent electrode layer on a insulating sub-
strate, the transparent electrode layer being electrically
floated; and
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forming an alignment layer on the insulating substrate on
which the color filter layer is formed, the alignment layer
having a pre-tilt angle having a pre-tilt angle tilted about
85° to about 90° form the insulating substrate.

7. The method of claim 6, further comprising forming a
dielectric layer between the transparent electrode layer and
the alignment layer.

8. The method of claim 7, wherein the dielectric layer
includes a color filter layer.

9. The method of claim 8, wherein the dielectric layer
further includes an overcoating layer disposed between the
color filter layer and the alignment layer.

10. The method of claim 6, wherein the alignment layer has
the pre-tilt angle tilted about 90° form the insulating sub-
strate.

11. An LCD panel comprising:

a first substrate including a first pixel electrode having a
plurality of first electrode bars and a second pixel elec-
trode having a plurality of second electrode bars dis-
posed between the first electrode bars disposed on a first
insulating substrate

a second substrate opposing the first substrate, including a
transparent electrode layer disposed on a second insu-
lating substrate to be electrically floated and an align-
ment layer disposed on the transparent electrode layer to
have a pre-tilt angle tilted about 85° to about 90° form
the second insulating substrate; and

a liquid crystal layer disposed between the first substrate
and the second substrate.

12. The LCD panel of claim 11, wherein the second sub-
strate further includes a dielectric layer disposed between the
transparent electrode layer and the alignment layer.

13. The LCD panel of claim 12, wherein the dielectric layer
includes a color filter layer and an overcoating layer disposed
between the color filter layer and the alignment layer.

14. The LCD panel of claim 11, wherein the first and
second electrode bars are formed from the same layer.

15. The LCD panel of claim 11, wherein the first substrate
includes:

a first switching element connected to a first data line and a
gate line, and electrically connected to the first pixel
electrode; and

asecond switching element connected to a second data line
adjacent to the first data line and the gate line, and
electrically connected to the second pixel electrode.

16. The LCD panel of claim 15, wherein the first electrode
bars receives a first voltage and the second electrode bars
receives a second voltage having an opposite phase to the first
voltage.

17. The LCD panel of claim 15, wherein the first substrate
includes a color filter layer, the color filter layer is disposed
between the first switching element and the first pixel elec-
trode and between the second switching element and the
second pixel electrode.

18. The LCD panel of claim 11, wherein the alignment
layer has the pre-tilt angle tilted about 90° form the second
insulating substrate.

19. The LCD panel of claim 11, wherein the first substrate
further includes an alignment layer disposed on the first and
second pixel electrodes to have a pre-tilt angle tilted about 85°
to about 90° form the first insulating substrate.

20. A method of manufacturing the LCD panel comprising:

forming a first substrate including a first electrode and a
second electrode disposed on a first insulating substrate,
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the first pixel electrode having a plurality of first elec-
trode bars and the second pixel electrode having a plu-
rality of second electrode bars disposed between the first
electrode bars;

forming a second substrate including a transparent elec-
trode layer disposed on a second insulating substrate
opposing the first substrate, the transparent electrode
layer being electrically floated, and an alignment layer
disposed on the transparent electrode layer;

forming a liquid crystal layer between the first substrate
and the second substrate, the liquid crystal layer includ-
ing a reactive mesogen; and

forming a pre-tilt angle tilted about 85° to about 90° form
the second insulating substrate in an alignment layer of
the first substrate and the second substrate, and the pre-
tilt angle formed by irradiating the light when the liquid
crystal is driven to display a white image.
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21. The method of claim 20, wherein forming the second
substrate comprises forming a dielectric layer between the
transparent electrode layer and the alignment layer.

22. The method of claim 20, wherein forming the first
substrate comprises forming a first switching element con-
nected to a first data line and a gate line and electrically
connected to the first pixel electrode, and a second switching
element connected to a second data line adjacent to the first
data line and the gate line, and electrically connected to the
second pixel electrode.

23. The method of claim 22, wherein forming the first
substrate comprises forming a color filter between the first
switching element and the first pixel electrode and between
the second switching element and the second pixel electrode.
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