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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0103700 filed in the
Korean Intellectual Property Office on Oct. 22, 2010, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology relates generally to a lig-
uid crystal display (LCD) and a manufacturing method
thereof.

[0004] 2. Description

[0005] Currently, various flat panel displays are being
developed. Among them, a liquid crystal display is widely
used as a flat panel display.

[0006] Liquid crystal displays (LCDs) are classified into a
TN (twisted nematic) type, a VA (vertically aligned) type, an
IPS (in plane switching) type, an ECB (electrically controlled
birefringence) type, a PLS (plane to line switching) type, an
FFS (fringe field switching) type, or other types according to
an arrangement state and driving method of the liquid crystal.
Regarding the liquid crystal displays, liquid crystal is initially
arranged in a predetermined manner because of the influence
of an alignment layer or characteristics of the liquid crystal,
and when an electric field is applied, the liquid crystal is
arranged in another (or different) manner such that the polar-
ization state of light that passes through the liquid crystal
becomes differentiated according to the arrangement state of
the liquid crystal due to optical anisotropy of the liquid crys-
tal, and the differentiation is displayed as a difference of (or
change in) the amount of transmitted light by using (or
through) a polarizer, thereby displaying an image.

[0007] Among the types of liquid crystal displays, the lig-
uid crystal display (LCD) of the TN type, the IPS type, the
ECB type, the PLS type, and the FFS type can be classified as
being a horizontal type because the liquid crystal is initially
aligned horizontally, an upper alignment layer and a lower
alignment layer to determine (or control) the alignment direc-
tion of the liquid crystal are respectively formed at an upper
substrate and a lower substrate, the upper alignment layer and
the lower alignment layer are respectively rubbed, and then
liquid crystal is injected to form the liquid crystal layer.
[0008] However, various protrusions causing steps (or non-
uniformities) exist on the lower substrate or the upper sub-
strate such that texture due to non-uniformity of rubbing
strength and abrasion non-uniformity of a rubber are gener-
ated in the liquid crystal display (LCD) when performing the
rubbing process under the existence of the steps, and thereby
optical characteristics such as transmittance and contrast ratio
are deteriorated.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0010] Embodiments of the present invention provide a
liquid crystal display (LCD) and a manufacturing method to
improve optical characteristics.
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[0011] A liquid crystal display (LCD) according to an
exemplary embodiment includes: a first substrate; a second
substrate facing the first substrate; a first electrode and a
second electrode formed on the first substrate; and a liquid
crystal layer interposed between the first substrate and the
second substrate, wherein a first alignment polymer config-
ured to provide an alignment force to the liquid crystal is at a
portion of the liquid crystal layer near the first substrate.
[0012] Theliquid crystal display may further include a first
alignment layer at the first substrate and contacting the liquid
crystal layer, wherein the first alignment polymer may be ata
portion of the liquid crystal layer near the first alignment
layer, and the first alignment layer may be a material config-
ured to horizontally align a liquid crystal of the liquid crystal
layer.

[0013] Thefirst alignment polymer may include a polymer-
ized photo-polymerizable monomer or oligomer.

[0014] Theliquid crystal layer may include unpolymerized
photo-polymerizable monomer or oligomer.

[0015] A second alignment polymer may be at a portion of
the liquid crystal layer near the second substrate, and the
second alignment polymer may be configured to provide an
alignment force to a liquid crystal of the liquid crystal layer.
[0016] The liquid crystal display may further include a
second alignment layer at the second substrate and contacting
the liquid crystal layer, the second alignment polymer may be
at a portion of the liquid crystal layer near the second align-
ment layer, and the second alignment layer may be a material
configured to horizontally align the liquid crystal of the liquid
crystal layer.

[0017] The second alignment polymer may include a poly-
merized photo-polymerizable monomer or oligomer.

[0018] Theliquid crystal layer may include unpolymerized
photo-polymerizable monomer or oligomer.

[0019] The first electrode may include a linear pixel elec-
trode of a plurality of linear pixel electrodes, the second
electrode may include a linear common electrode of a plural-
ity of linear common electrodes, and the linear pixel elec-
trodes and the linear common electrodes may be alternately
arranged on the first substrate.

[0020] The first electrode may include a linear pixel elec-
trode, and the second electrode may include a common elec-
trode having a continuous surface in a pixel area.

[0021] According to one embodiment in a method for
manufacturing a liquid crystal display (LCD) the method
includes: forming a first electrode and a second electrode on
a first substrate; forming a second substrate; injecting a liquid
crystal and a photo-polymerizable monomer or oligomer
between the first substrate and the second substrate; and irra-
diating light to form an alignment polymer by polymerizing
the photo-polymerizable monomer or oligomer.

[0022] The photo-polymerizable monomer or oligomer
may be polymerized under an electric field or a magnetic
field.

[0023] The photo-polymerizable monomer or oligomer
may be polymerized under a temperature in the range from
-20°C.t030° C.

[0024] The method may further include forming a second
alignment layer on the second substrate, and rubbing the
second alignment layer with a rubbing strength of less than
250 mm.

[0025] The method may further include forming a first
alignment layer on the first substrate.
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[0026] The method may further include rubbing the first
alignment layer with a rubbing strength of less than 250 mm.
[0027] The alignment polymer may include a first align-
ment polymer near the first alignment layer and a second
alignment polymer near the second alignment layer.

[0028] The first electrode may include a linear pixel elec-
trode of a plurality of linear pixel electrodes, the second
electrode may include a linear common electrode of a plural-
ity of linear common electrodes, and the linear pixel electrode
and the linear common electrode may be alternately arranged
on the first substrate.

[0029] The first electrode may include a linear pixel elec-
trode, and the second electrode may include a common elec-
trode having a continuous surface in a pixel area.

[0030] According to an exemplary embodiment, the first
alignment layer and the second alignment layer or the second
alignment layer is rubbed with a rubbing strength of less than
250 mm in the horizontal alignment type liquid crystal dis-
play (LCD), after the liquid crystal is injected along with the
photo-polymerizable monomer or oligomer and is horizon-
tally aligned, and ultraviolet (UV) rays are irradiated to form
the first and second alignment polymers by polymerizing the
photo-polymerizable monomer or oligomer such that the lig-
uid crystal may have a pre-tilt, and thereby the alignment
stability of the liquid crystal may be reinforced on the whole
region of the substrate.

[0031] Accordingly, stains or light leakage related to the
rubbing may be reduced or eliminated, and optical character-
istics such as transmittance and contrast ratio may be
improved.

[0032] Also, in the horizontal alignment type liquid crystal
display (LCD), the liquid crystal has the pre-tilt such that the
liquid crystal near the facing substrate where the linear com-
mon electrode and the linear pixel electrode are positioned is
inclined according to the pre-tilt under the application of the
electric field, and thereby the response speed is very fast.
Accordingly, an after-image of a motion picture may be
reduced or eliminated.

[0033] Also, the linear common electrode and the linear
pixel electrode are made of the conductive layer such as ITO
or [Z0 and the liquid crystal on the linear common electrode
and the linear pixel electrode also has the pre-tilt and is
directly inclined in the direction parallel to the electric field
under the driving voltage such that the liquid crystal contrib-
uting to the image display is increased. Accordingly, the
aperture ratio is improved, thereby increasing the luminance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a plan view of a liquid crystal display
(LCD) according to a first exemplary embodiment.

[0035] FIG. 2is a cross-sectional view taken along the line
II-IT of FIG. 1.
[0036] FIG. 3 is a flowchart of a manufacturing method of

a liquid crystal display (LCD) according to the first exem-
plary embodiment.

[0037] FIG. 4 is a cross-sectional view showing a step of
aligning a liquid crystal according to a rubbing direction of an
alignment layer after injecting a liquid crystal and a photo-
polymerizable monomer or oligomer in a manufacturing
method of a liquid crystal display (LCD) according to the first
exemplary embodiment.

[0038] FIG. 5 is a cross-sectional view showing a step of
enhancing alignment stability of a liquid crystal after irradi-
ating ultraviolet (UV) rays to form the first and second align-
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ment polymers in a manufacturing method of a liquid crystal
display (LCD) according to the first exemplary embodiment.
[0039] FIG. 6 is a flowchart of a manufacturing method of
a liquid crystal display (LCD) according to a second exem-
plary embodiment.

[0040] FIG. 7 is a flowchart of a manufacturing method of
aliquid crystal display (LCD) according to a third exemplary
embodiment.

[0041] FIG. 8 is a flowchart of a manufacturing method of
a liquid crystal display (LCD) according to a fourth exem-
plary embodiment.

[0042] FIG. 9 is a plan view of a liquid crystal display
(LCD) according to another exemplary embodiment.

[0043] FIG. 10 is across-sectional view taken along the line
X-X of FIG. 9.
DETAILED DESCRIPTION OF THE
EMBODIMENTS
[0044] Embodiments of the present invention will be

described more fully hereinafter with reference to the accom-
panying drawings, in which exemplary embodiments of the
invention are shown. As those skilled in the art would realize,
the described embodiments may be modified in various dif-
ferent ways, all without departing from the spirit or scope of
the present invention.

[0045] The drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0046] In addition, the size and thickness of each compo-
nent shown in the drawings are arbitrarily shown for under-
standing and for ease of description, but embodiments of the
present invention are not limited thereto.

[0047] Now,aliquid crystal display (LCD) according to the
first exemplary embodiment will be described with reference
to FIG. 1 and FIG. 2.

[0048] FIG. 1 is a plan view of a liquid crystal display
(LCD) according to a first exemplary embodiment, and FIG.
2 is a cross-sectional view taken along the line II-1I of FIG. 1.
[0049] Aliquid crystal display (LCD) according to the first
exemplary embodiment including a thin film transistor sub-
strate 100, a facing substrate 200, a liquid crystal layer 3, a
lower polarizing plate 11, and an upper polarizing plate 21, is
a liquid crystal display (LCD) of an IPS type.

[0050] The thin film transistor substrate 100 includes a first
substrate 110 and thin films formed thereon, and the facing
substrate 200 includes a second substrate 210 and thin films
formed thereon.

[0051] Firstly, the thin film transistor substrate 100 will be
described.
[0052] A gateline 121 including a gate electrode 124 and a

commor electrode line 131 extend in atransverse direction on
the first substrate 110 (which may be made of transparent
glass). The common electrode line 131 is coupled to linear
common electrodes 133 and 134. The gate line 121 is config-
ured to receive and transmit a scan signal, and the common
electrode line 131 is configured to receive and transmit a
common voltage. The linear common electrodes 133 and 134
include a common electrode portion 133 coupled to (or
directly connected to) the common electrode line 131 and a
common connection 134 coupling (or connecting) the other
ends of the common electrode portion 133. The common
electrode portion 133 is bent at a central portion (e.g., at the
center). The linear common electrodes 133 and 134 may be
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made of a transparent conductor (or a transparent conductive
layer) such as ITO (indium tin oxide) or IZO (indium zinc
oxide).

[0053] A gateinsulating layer 140 is formed on the gate line
121 and the common electrode line 131, intrinsic semicon-
ductors 151, 154, and 157 made of amorphous silicon are
formed on the gate insulating layer 140, and ohmic contact
members 161, 163, 165, and 167 made of a material such
silicide or n+ hydrogenated amorphous silicon doped with an
n-type impurity of a high concentration are formed on the
intrinsic semiconductors 151, 154, and 157. The intrinsic
semiconductors 151, 154, and 157 may be called a semicon-
ductor together with the ohmic contact members 161, 163,
165, and 167. The semiconductor may be constituted by the
intrinsic semiconductor and ochmic contact layers, and is a
polysilicon semiconductor or an oxide semiconductor.
[0054] A dataline 171 including a plurality of source elec-
trodes 173, a drain electrode 175, and a linear pixel electrode
(177,178, and 179) connected to the drain electrode 175 are
formed on the ohmic contact members 161, 163, 165, and
167. The data line 171 is applied with a video signal voltage.
The drain electrode 175 faces the source electrode 173 on the
gate electrode 124. The channel portion of the intrinsic semi-
conductor 154 between the source electrode 173 and the drain
electrode 175 is exposed. The linear pixel electrode (177,178,
and 179) includes a pixel electrode portion 177 parallel to the
common electrode portion 133, a first pixel connection 179
connected to the drain electrode 175 and connecting one end
of each of the pixel electrode portions 177, and a second pixel
connection 178 connecting the other ends of the pixel elec-
trode portions 177. A central portion (e.g., the center) of the
pixel electrode unit 177 is bent in a manner similar to that of
the common electrode portion 133. Also, the data line 171 is
bent according to the shapes ofthe pixel electrode portion 177
and the common electrode portion 133. The linear pixel elec-
trode (177,178, and 179) connected to the data line 171, the
drain electrode 175, and the drain electrode 175 can be made
of transparent conductive layers such as indium tin oxide
(ITO) or indium zinc oxide (IZ0).

[0055] The data line 171, the drain electrode 175, and the
linear pixel electrode (177, 178, and 179) may have substan-
tially the same surface shape as the ohmic contacts 161, 163,
165, and 167, and the intrinsic semiconductors 151, 154, and
157 may have substantially the same surface shape as the
ohmic contacts 161, 163, 165, and 167 except the source
electrode 173 and the drain electrode 175. Differing from this,
the ohmic contacts and the intrinsic semiconductors can be
formed in an island form and be disposed around the gate
electrode 124.

[0056] The gate electrode 124, source electrode 173, and
drain electrode 175 form a thin film transistor (TFT) together
with the intrinsic semiconductor 154, and a channel of the
thin film transistor is formed on the channel of the intrinsic
semiconductor 154 between the source electrode 173 and the
drain electrode 175.

[0057] A first alignment layer 1 is formed on the data line
171, the drain electrode 175, and the linear pixel electrode
(177, 178, and 179). The first alignment layer 1 is a liquid
crystal horizontal alignment layer such as a polyamic acid, a
polyimide, nylon, PVA (polyvinyl alcohol), and PVC (poly-
vinyl chloride). The first alignment layer 1 is made of a
material having a horizontal alignment characteristic such
that a director of liquid crystal 310 is initially aligned hori-
zontally (e.g., parallel) with respect to the substrate surface.

Apr. 26,2012

The first alignment layer 1 may slightly undergo a rubbing
process such that the liquid crystal 310 near the first align-
ment layer 1 may have a pre-tilt.

[0058] A rubbing strength (RS) may be represented by
Equation 1.

RS=N*M(1+2mrn/)

[0059] Here, N is a rubbing number, M is a contact depth
between a rubber and the substrate, r is a radius of a rubbing
roller, n is a rotation number of a rubbing roller, and v is a
moving speed of a substrate. RS is a value (e.g., a fixed value)
corresponding to a rubbing device such that the rubbing
strength may be controlled by changing N, M, n, orv.
[0060] In an exemplary embodiment, the first alignment
layer 1 slightly undergoes the rubbing process with rubbing
strength less of than 250 mm.

[0061] Next, the facing substrate 200 will be described.
[0062] A light blocking member 220 is formed on the sec-
ond substrate 210 (which may be made of transparent glass),
and a color filter 230 is formed in each region partitioned by
the light blocking member 220.

[0063] The color filter 230 and the light blocking member
220 may be formed on the thin film transistor substrate 100.
[0064] A second alignment layer 2 is formed on the color
filter 230. The second alignment layer 2 is a liquid crystal
horizontal alignment layer such as polyamic acid, polyimide,
nylon, PVA (polyvinyl alcohol), and PVC (polyvinyl chlo-
ride). The second alignment layer 2 is made of a material
having a horizontal alignment characteristic such that a direc-
tor of the liquid crystal 310 is initially aligned horizontally
with respect to the substrate surface. In one embodiment, the
second alignment layer 2 slightly undergoes the rubbing pro-
cess with rubbing strength of less than 250 mm such that the
liquid crystal 310 near the second alignment layer 2 may have
the pre-tilt.

[0065] The liquid crystal layer 3 includes a liquid crystal
310 having an anisotropic positive dielectric constant, and a
first alignment polymer 13 positioned near the first alignment
layer 1 and a second alignment polymer 23 near the second
alignment layer 2 are formed in the liquid crystal layer 3.
[0066] The first alignment polymer 13 is formed by photo-
polymerizing a photo-polymerizable monomer or oligomer
33 (see, e.g., FIG. 4) included in the liquid crystal layer 3 to
provide the alignment force to the liquid crystal 310, and the
second alignment polymer 23 is formed by photo-polymer-
izing the photo-polymerizable monomer or oligomer 33
included in the liquid crystal layer 3 to provide the alignment
force to the liquid crystal 310. The photo-polymerizable
monomer or oligomer 33 that is not photo-polymerized may
remain in the liquid crystal layer 3.

[0067] The photo-polymerizable monomer or oligomer 33
includes a reactive mesogen (RM) such as a product from the
Norland™ Optical Adhesive (NOA) series by Norland Prod-
ucts Inc. of Cranbury, N.J., USA. The reactive mesogen (RM)
represents a polymerizable reactive mesogen compound. The
mesogen compound or mesogen material includes a material
or compounds including the mesogen radical of at least one of
stick, plate, and disk shapes, that is, a radical that is capable of
generating a liquid crystalline phase behavior. The liquid
crystal compound having a radical in the shape of a stick or a
plateis acalamitic liquid crystal that is wellknown to a person
of ordinary skill in the art, and the liquid crystal compound
having a radical in the shape of a disk is a liquid crystal that is
also well known to a person of ordinary skill in the art. The

(Equation 1)
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compound or material including the mesogen radical does not
need to exhibit a liquid crystalline phase. Also, it is possible to
show the liquid crystalline phase behavior through mixture
with another compound, or a mesogen compound or matetial,
or when their mixture is polymerized.

[0068] The reactive mesogen is polymerized by light such
as the ultraviolet rays, and it represents a material that is
aligned depending on the alignment state of the near material.
An example of the reactive mesogen can be a compound that
is expressed in the following equation.

P1-Al-(Z1-A2)n-P2,

[0069] Here, P1 are P2 are independently selected from
among acrylate, methacrylate, vinyl, vinyloxy, and epoxy
groups, Al and A2 are independently selected from 1,4-phe-
nylene and naphthalene-2,6-diyl groups, Z1 is one of COO—,
OCO—, and a single bond, and n is one of 0, 1, and 2.

[0070] Infurtherdetail, acompound expressed as one of the
next equations can be exemplified.

[0071] Here, P1 and P2 are independently selected from
acrylate, methacrylate, vinyl, vinyloxy, and epoxy groups.
[0072] The lower polarizing plate 11 and the upper polar-
izing plate 21 can be disposed to have crossed transmissive
axes.

[0073] As described above, the first alignment polymer 13
provides the alignment force to the liquid crystal 310 such
that the alignment force of the liquid crystal 310 near the first
alignment polymer 13 and having the pre-tilt may be rein-
forced. Also, the second alignment polymer 23 provides the
alignment force to the liquid crystal 310 such that the align-
ment force of the liquid crystal 310 near the second alignment
polymer 23 and having the pre-tilt may be reinforced.

[0074] As described above, if the liquid crystal 310 near the
first alignment layer 1 and the second alignment layer 2 has
the pre-tilt, the liquid crystal 310 near the facing substrate that
does not include the linear common electrode and the linear
pixel electrode 1s inclined according to the pre-tilt under the
application of the electric field such that the response speed is
fast. Accordingly, a problem related to the after-image of
moving pictures may be reduced or solved.

[0075] Also, according to one embodiment of the present
invention, the linear common electrode (133 and 134) and the
linear pixel electrode (177, 178, and 179) are made of the
transparent conductive layer such as ITO or 170, and the
liquid crystal 310 on the linear common electrode (133 and
134) and the linear pixel electrode (177, 178, and 179) also
have the pre-tilt such that they are directly inclined in the
direction parallel to the electric field under the application of
the driving voltage, and thereby the area or amount of liquid
crystal 310 contributing to the image display is increased.
Accordingly, the aperture ratio is improved such that the
luminance is increased.
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[0076] 1In the above-described exemplary embodiment, the
first alignment layer 1 and the second alignment layer 2 are
both formed, however in other embodiments, only one of the
first alignment layer 1 and the second alignment layer 2 may
be formed or both the first alignment layer 1 and the second
alignment layer 2 may not be formed.

[0077] FIG. 3 is a flowchart of a manufacturing method of
a liquid crystal display (LCD) according to the first exem-
plary embodiment.

[0078] As shown in FIG. 3, a thin film transistor (TFT)
substrate 100 is manufactured (S1). The thin film transistor
substrate 100 is manufactured by form a gate line 121, a data
line 171 crossing the gate line 121, a thin film transistor
including a control electrode and an input electrode respec-
tively coupled to the gate line 121 and the data line 171, a
linear pixel electrode (177,178, and 179) coupled to an output
terminal of the thin film transistor, a linear common electrode
(133 and 134) facing the linear pixel electrode (177,178, and
179), and a common electrode line 131 for applying a com-
mon voltage to the linear common electrode (133 and 134) on
the first substrate 110. A step having a cross-sectional shape
corresponding to the pattern such as the thin film transistor,
the linear pixel electrode (177, 178, and 179), the linear
common electrode (133 and 134), and the common electrode
line 131 is formed on the thin film transistor substrate 100.
[0079] Next, the first alignment layer 1 is formed on the thin
film transistor substrate 100 (S2). The first alignment layer 1
is a liquid crystal horizontal alignment layer such as a
polyamic acid, a polyimide, nylon, PVA (polyvinyl alcohol),
and PVC (polyvinyl chloride). The first alignment layer 1 is
made of a material having a horizontal alignment character-
istic such that a director of the liquid crystal 310 is initially
aligned horizontally (e.g., parallel) with respect to the sub-
strate surface.

[0080] Next, the first alignment layer 1 is slightly rubbed in
a rubbing direction (e.g., a predetermined rubbing direction)
with a rubbing strength of less than 250 mm. Accordingly,
non-uniformity of the rubbing strength and the abrasion non-
uniformity of the rubber by the step may be reduced or pre-
vented on the thin film transistor substrate 100 (S3).

[0081] A facing substrate 200 that will be assembled to face
the thin film transistor substrate 100 is manufactured (S4).
The color filter 230 and the light blocking member 220 may
be formed in the facing substrate 200. A step having a cross-
sectional shape corresponding to the pattern such as the color
filter 230 and the light blocking member 220 is formed on the
facing substrate 200.

[0082] Next, the second alignment layer 2 is formed on the
facing substrate 200 (S5). The second alignment layer 2 is a
liquid crystal horizontal alignment layer such as a polyamic
acid, a polyimide, nylon, PVA (polyvinyl alcohol), and PVC
(polyvinyl chloride). The second alignment layer 2 is made of
a material having a horizontal alignment characteristic such
that a director of the liquid crystal 310 is initially aligned
horizontally (e.g., parallel) with respect to the substrate sur-
face.

[0083] Next, the second alignment layer 2 is slightly rubbed
in a rubbing direction (e.g., a predetermined rubbing direc-
tion) with a rubbing strength of less than 250 mm. Accord-
ingly, non-uniformity of the rubbing strength and the abrasion
non-uniformity of the rubber by the step on the facing sub-
strate 200 may be reduced or prevented (S6).

[0084] Next, the thin film transistor substrate 100 and the
facing substrate 200 that are provided in this way are
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assembled and the liquid crystal 310 and the photo-polymer-
izable monomer or oligomer 33 are injected together between
the two substrates (S7). The injected liquid crystal 310 is
aligned according to the rubbing direction of the first align-
ment layer 1 and the second alignment layer 2.

[0085] Next, light such as ultraviolet (UV) rays is irradiated
to form the first alignment polymer 13 and the second align-
ment polymer 23 by polymerizing the photo-polymerizable
monomer or oligomer 33 such that the alignment of the liquid
crystal 310 is fixed and stabilized (S8).

[0086] When the ultraviolet (UV) rays are irradiated, the
photo-polymerizable monomer or oligomer 33 that is mixed
along with the liquid crystal 310 is polymerized such that the
firstalignment polymer 13 is formed at a position near the first
alignment layer 1 and the second alignment polymer 23 is
formed at a position near the second alignment layer 2.
[0087] The first alignment polymer 13 and the second
alignment polymer 23 maintain the arrangement according to
the rubbing direction of the first alignment layer 1 and the
second alignment layer 2, respectively, such that the arrange-
ment (or alignment) of the liquid crystal 310 adjacent thereto
is influenced. As described above, the first alignment polymer
13 and the second alignment polymer 23 reinforce the anchor-
ing energy of the liquid crystal 310 such that the alignment of
the liquid crystal 310 by the rubbing of the first alignment
layer 1 and the second alignment layer 2 is reinforced, thereby
enhancing the alignment stability of the liquid crystal 310.
[0088] Also, the rubbing process is weakly performed with
a rubbing strength of less than 250 mm such that the non-
uniformity of the rubbing strength and the abrasion non-
uniformity of the rubber that are generated when the rubbing
process is performed is reduced or prevented such that the
stain due to the rubbing or the light leakage may be reduced or
eliminated, and the optical characteristics such as the trans-
mittance and the contrast ratio may be improved.

[0089] In addition, when the ultraviolet (UV) rays are irra-
diated, the process may be performed under an electric field
or a magnetic field such that an order parameter of the liquid
crystal may be increased, and thereby the alignment stability
of the liquid crystal may be further reinforced.

[0090] Also, when the ultraviolet (UV) rays are irradiated,
the process may be performed at a low temperature of less
than room temperature such as in the range from -20° C. to
less than 30° C., such that the order parameter of the liquid
crystal may be increased, and thereby the alignment stability
of the liquid crystal may be further reinforced. At tempera-
tures below -20° C., the liquid crystal has less influence by
the electric field or magnetic field such that it is difficult to
control the alignment direction of the liquid crystal, and at
temperatures greater than 30° C., the movement of the liquid
crystal may be increased and the alignment of the liquid
crystal may be unstable, such that the process is preferably
performed at a temperature of more than -20° C. and less than
30°C.

[0091] Next, a manufacturing method of a liquid crystal
display (LCD) according to the first exemplary embodiment
will be described with reference to FIG. 4 and FIG. 5.
[0092] FIG. 4 is a cross-sectional view showing a step of
aligning a liquid crystal according to a rubbing direction of an
alignment layer after injecting a liquid crystal and a photo-
polymerizable monomer or oligomer in a manufacturing
method of a liquid crystal display (LCD) according to the first
exemplary embodiment, and FIG. 5 is a cross-sectional view
showing a step of enhancing alignment stability of a liquid
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crystal after irradiating ultraviolet (UV) rays to form the first
and second alignment polymers in a manufacturing method
of a liquid crystal display (LCD) according to the first exem-
plary embodiment.

[0093] Firstly, as shown in FIG. 4, thin films including
various wires, a thin film transistor, a linear common elec-
trode (133 and 134), and a linear pixel electrode (177, 178,
and 179) are formed on the first substrate 110 through a thin
film deposition process, a photolithography process, or a
photo-etching process. Also, thin films including a light
blocking member 220 and a color filter 230 are formed on the
second substrate 210 through a thin film deposition process, a
photolithography process, or a photo-etching process.
[0094] Next, an alignment base material is coated on the
thin films of the thin film transistor substrate 100, and a heat
treatment (curing) is performed at a temperature in the range
from 100° C. to 180° C. for 0.5 to 1 hour to harden the
alignment base material such that the first alignment layer 1 is
formed. Also, an alignment base material is coated on the thin
films of'the facing substrate 200, and a heat treatment (curing)
is performed at a temperature in the range from 100° C. to
180° C. for 0.5 to 1 hour to harden the alignment base material
such that the second alignment layer 2 is formed.

[0095] Next, the thin film transistor substrate 100 and the
facing substrate 200 are assembled. The assembly of the two
substrates 100 and 200 may be performed through two meth-
ods.

[0096] According to one embodiment, a sealant is coated
on one of the thin film transistor substrate 100 and the facing
substrate 200 to define a filling region of the liquid crystal
310, the liquid crystal 310 is dripped (or injected) into the
defined filling region, and the thin film transistor substrate
100 and the facing substrate 200 are aligned and combined.
Here, a spacer to maintain a distance or an interval between
the substrates 100 and 200 may be spayed after or before the
dripping (or injecting) of the liquid crystal 310. The spacer
may be previously formed on the thin film transistor substrate
100 and the facing substrate 200 through a thin film formation
process. Here, the liquid crystal 310 is dripped (or injected)
after adding a photo-polymerizable monomer or oligomer 33.
[0097] According to an alternative embodiment, a sealant is
coated on one of the thin film transistor substrate 100 and the
facing substrate 200 to define the region for filling the liquid
crystal 310 to have an injection hole for the liquid crystal, and
the two substrates 100 and 200 are aligned and combined.
Next, the liquid crystal may be injected through the injection
hole from a liquid crystal storage tank by submerging the
injection hole in the liquid crystal of the liquid crystal storage
tank while in a vacuum environment and then eliminating the
vacuum, and then sealing the liquid crystal injection hole
after the liquid crystal has been injected between the two
substrates 100 and 200. Here, the liquid crystal is injected by
adding the photo-polymerizable monomer or oligomer 33 to
the liquid crystal 310.

[0098] Next,as shown in FIG. 5, light such as the ultraviolet
rays is irradiated to the liquid crystal layer 3 to photo-poly-
merize the photo-polymerizable monomer or oligomer,
thereby forming the first and second alignment polymers (or
alignment control agents) 13 and 23. The first alignment
polymer 13 is positioned near the first alignment layer 1, and
the second alignment polymer 23 is positioned near the sec-
ond alignment layer 2.

[0099] The first alignment polymer 13 and the second
alignment polymer 23 reinforce the alignment of the liquid
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crystal 310 having the pre-tilt according to the rubbing direc-
tion of the first alignment layer 1 and the second alignment
layer 2. The first alignment polymer 13 and the second align-
ment polymer 23 reinforce the anchoring energy fixing the
alignment of the neighboring liquid crystal 310.

[0100] Accordingly, the first alignment polymer 13 and the
second alignment polymer 23 reinforce the alignment of the
liquid crystal 310 by the rubbing of the first alignment layer 1
and the second alignment layer 2 of the liquid crystal 310,
thereby reinforcing the alignment stability of the liquid crys-
tal 310.

[0101] Next, a module process is performed.

[0102] Although the manufacturing method of the liquid
crystal display (LCD) according to the first exemplary
embodiment rubs both the first alignment layer and the sec-
ond alignment layer, according to other embodiments of the
present invention, only one of them may be rubbed.

[0103] Next, a manufacturing method of a liquid crystal
display (LCD) according to the second exemplary embodi-
ment will be described with reference to FIG. 6.

[0104] FIG. 6 is a flowchart of a manufacturing method of
aliquid crystal display (LCD) according to the second exem-
plary embodiment.

[0105] The second exemplary embodiment is substantially
similar to the first exemplary embodiment of F1G. 3 except for
only rubbing the second alignment layer. Therefore, the over-
lapping description will be omitted.

[0106] As shown in FIG. 6, firstly, a thin film transistor
substrate 100 is manufactured (S11). A step having a cross-
sectional shape corresponding to the pattern of the thin film
transistor, the linear pixel electrode (177, 178, and 179), the
linear common electrode (133 and 134), and the common
electrode line 131 is formed on the thin film transistor sub-
strate 100.

[0107] Next, the first alignment layer 1 is formed on the thin
film transistor substrate 100 (S21). The first alignment layer 1
is made of a material having a horizontal alignment charac-
teristic such that the director of the liquid crystal 310 is
initially aligned horizontally (e.g., parallel) with respect to
the surface of the substrate. The step on the thin film transistor
substrate 100 is smaller than the step of the facing substrate
200 such that the rubbing process is not performed for the first
alignment layer 1.

[0108] A facing substrate 200 that will be assembled to face
the thin film transistor substrate 100 is manufactured (S31). A
color filter 230 and a light blocking member 220 may be
formed in the facing substrate 200. A step having a cross-
sectional shape corresponding to the pattern such as the color
filter 230 and the light blocking member 220 is formed on the
facing substrate 200.

[0109] Next, the second alignment layer 2 is formed on the
facing substrate 200 (S41). The second alignment layer 2 is
made of a material having a horizontal alignment character-
istic such that the director of the liquid crystal 310 is initially
aligned horizontally (e.g., parallel) with respect to the surface
of the substrate.

[0110] Next, the second alignment layer 2 is weakly rubbed
in a rubbing direction (e.g., a predetermined rubbing direc-
tion) with a rubbing strength of less than 250 mm. As
described above, the rubbing for the second alignment layer 2
is weakly performed such that the non-uniformity of the
rubbing strength and the abrasion non-uniformity of the rub-
ber by the step on the facing substrate 200 may be reduced or
prevented (S51).
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[0111] Next, the thin film transistor substrate 100 and the
facing substrate 200 are assembled, and the liquid crystal 310
and the photo-polymerizable monomer or oligomer 33 are
injected together between the two substrates (S61). Next, the
injected liquid crystal 310 is aligned according to the rubbing
direction of the second alignment layer 2.

[0112] Next, light such as ultraviolet (UV) rays is irradiated
to form the first alignment polymer 13 and the second align-
ment polymer 23 by polymerizing the photo-polymerizable
monomer or oligomer 33 such that the alignment of the liquid
crystal 310 is fixed and stabilized (S71).

[0113] When the ultraviolet (UV) rays are irradiated, the
photo-polymerizable monomer or oligomer 33 that is mixed
along with the liquid crystal 310 is polymerized such that the
first alignment polymer 13 is formed at the position near the
first alignment layer 1 and the second alignment polymer 23
is formed at the position near the second alignment layer 2.
The first alignment polymer 13 and the second alignment
polymer 23 maintain the arrangement according to the rub-
bing direction of the second alignment layer 2 such that the
arrangement of the liquid crystal 310 adjacent thereto is influ-
enced. As described above, the first alignment polymer 13 and
the second alignment polymer 23 reinforce the anchoring
energy of the liquid crystal 310 such that the alignment of the
liquid crystal 310 by the rubbing of the second alignment
layer 2 is reinforced, thereby enhancing the alignment stabil-
ity of the liquid crystal 310.

[0114] Also, the rubbing process is not performed for the
first alignment layer 1 and the rubbing process is weakly
performed for the second alignment layer 2, such that the
non-uniformity of the rubbing strength and the abrasion non-
uniformity of the rubber that are generated when the rubbing
process is performed is reduced or prevented such that the
stain due to the rubbing or the light leakage may be reduced or
eliminated, and the optical characteristics such as the trans-
mittance and the contrast ratio may be improved.

[0115] Also, when the ultraviolet (UV) rays are irradiated,
the process may be performed at a low temperature of less
than room temperature such that the order parameter of the
liquid crystal may be increased, and thereby the alignment
stability of the liquid crystal may be further reinforced. In
addition, when the ultraviolet (UV) rays are irradiated, the
process may be performed under the electric field or the
magnetic field such that an order parameter of the liquid
crystal may be increased, and thereby the alignment stability
of the liquid crystal may be further reinforced.

[0116] On the other hand, in the manufacturing method of
the liquid crystal display (LCD) according to the second
exemplary embodiment, the first alignment layer is not
rubbed, and the first alignment layer may not be formed.
[0117] Next, a manufacturing method of a liquid crystal
display (LCD) according to the third exemplary embodiment
will be described with reference to FIG. 7.

[0118] FIG. 7 is a flowchart of a manufacturing method of
a liquid crystal display (LCD) according to the third exem-
plary embodiment.

[0119] The third exemplary embodiment except for the first
alignment layer that is not formed is substantially equivalent
to the second exemplary embodiment shown in FIG. 6 such
that the overlapping description is omitted.

[0120] As shown in FIG. 7, firstly, a thin film transistor
substrate 100 is manufactured (S12). A step having a cross-
sectional shape corresponding to the pattern of the thin film
transistor, the linear pixel electrode (177, 178, and 179), the
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linear common electrode (133 and 134), and the common
electrode line 131 is formed on the thin film transistor sub-
strate 100. The step of the thin film transistor substrate 100 is
smaller than the step on the facing substrate 200 such that the
first alignment layer 1 is not formed.

[0121] Next, a facing substrate 200 that will be assembled
to face the thin film transistor substrate 100 is manufactured
(822). A color filter 230 and a light blocking member 220 may
be formed in the facing substrate 200. A step having a cross-
sectional shape corresponding to the pattern such as the color
filter 230 and the light blocking member 220 is formed on the
facing substrate 200.

[0122] Next, the second alignment layer 2 is formed on the
facing substrate 200 (S32). The second alignment layer 2 is
made of a material having a horizontal alignment character-
istic such that the director of the liquid crystal 310 is initially
aligned horizontally (e.g., parallel) with respect to the surface
of the substrate.

[0123] Next, the second alignment layer 2 is weakly rubbed
in a rubbing direction (e.g., a predetermined rubbing direc-
tion) with a rubbing strength of less than 250 mm. As
described above, the rubbing of the second alignment layer 2
is weak such that the non-uniformity of the rubbing strength
and the abrasion non-uniformity of the rubber by the step on
the facing substrate 200 may be reduced or prevented (S42).
[0124] Next, the thin film transistor substrate 100 and the
facing substrate 200 that are provided in this way are
assembled, and a liquid crystal 310 and a photo-polymeriz-
able monomer or oligomer 33 are injected together between
the two substrates (S52). The injected liquid crystal 310 is
aligned according to the rubbing direction of the second
alignment layer 2.

[0125] Next, light such as ultraviolet (UV) rays is irradiated
to form the first alignment polymer 13 and the second align-
ment polymer 23 by polymerizing the photo-polymerizable
monomer or oligomer 33 such that the alignment of the liquid
crystal 310 is fixed and stabilized (S62).

[0126] When the ultraviolet (UV) rays are irradiated, the
photo-polymerizable monomer or oligomer 33 that is mixed
along with the liquid crystal 310 is polymerized such that the
first alignment polymer 13 is formed at the position near the
thin film transistor substrate 100 and the second alignment
polymer 23 is formed at the position near the second align-
ment layer 2. The first alignment polymer 13 and the second
alignment polymer 23 maintain the arrangement according to
the rubbing direction of the second alignment layer 2 such
that the arrangement of the liquid crystal 310 adjacent thereto
is influenced. As described above, the first alignment polymer
13 and the second alignment polymer 23 reinforce the anchor-
ing energy of the liquid crystal 310 such that the alignment of
the liquid crystal 310 by the rubbing of the second alignment
layer 2 is reinforced, thereby enhancing the alignment stabil-
ity of the liquid crystal 310.

[0127] Also, the first alignment layer 1 is not formed and
the rubbing process of the second alignment layer 2 is weak
such that the non-uniformity of the rubbing strength and the
abrasion non-uniformity of the rubber that are generated
when the rubbing process is performed is reduced or pre-
vented such that the stain due to the rubbing or the light
leakage may be reduced or eliminated, and the optical char-
acteristics such as the transmittance and the contrast ratio
may be improved.

[0128] On the other hand, when the ultraviolet (UV) rays
are irradiated, the process is performed at a low temperature
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of less than room temperature such that the order parameter of
the liquid crystal may be increased, and thereby the alignment
stability of the liquid crystal may be further reinforced. Also,
when the ultraviolet (UV) rays are irradiated, the process is
performed under the electric field or the magnetic field such
thatan order parameter of the liquid crystal may be increased,
and thereby the alignment stability of the liquid crystal may
be further reinforced.

[0129] As described above, according to the manufacturing
method of the liquid crystal display (LCD) according to the
third exemplary embodiment, the first alignment layer is not
formed, and in other embodiments, the first alignment layer 1
and the second alignment layer 2 may both not be formed.

[0130] Next, a manufacturing method of a liquid crystal
display (LCD) according to the fourth exemplary embodi-
ment will be described with reference to FIG. 8.

[0131] FIG. 8 is a flowchart of a manufacturing method of
a liquid crystal display (LCD) according to the fourth exem-
plary embodiment.

[0132] The fourth exemplary embodiment is substantially
similar to the third exemplary embodiment of FIG. 7 except
that the second alignment layer is not formed. As such, over-
lapping description will be omitted.

[0133] As shown in FIG. 8, a thin film transistor substrate
100 is manufactured (S13). A predetermined step due to the
pattern such as the thin film transistor, the linear pixel elec-
trode (177, 178, and 179), the linear common electrode (133
and 134), and the common electrode line 131 is formed on the
thin film transistor substrate 100.

[0134] Next, a facing substrate 200 that will be assembled
to face the thin film transistor substrate 100 is manufactured
(523). A color filter 230 and a light blocking member 220 may
be formed in the facing substrate 200. A step having a cross-
sectional shape corresponding to the pattern such as the color
filter 230 and the light blocking member 220 is formed on the
facing substrate 200.

[0135] Next, the thin film transistor substrate 100 and the
facing substrate 200 that are provided in this way are
assembled, and a liquid crystal 310 and a photo-polymeriz-
able monomer or oligomer 33 are injected together between
the two substrates (S33).

[0136] Next, light such as ultraviolet (UV) rays is irradiated
to form the first alignment polymer 13 and the second align-
ment polymer 23 by polymerizing the photo-polymerizable
monomer or oligomer 33 such that the alignment of the liquid
crystal 310 is fixed and stabilized (S43). Here, the process is
performed under the electric field or the magnetic field such
thatan order parameter of the liquid crystal may be increased,
and thereby the alignment stability of the liquid crystal may
be further reinforced.

[0137] When the ultraviolet (UV) rays irradiated, the
photo-polymerizable monomer or oligomer 33 that is mixed
along with the liquid crystal 310 is polymerized such that the
first alignment polymer 13 is formed at the position near the
thin film transistor substrate 100 and the second alignment
polymer 23 is formed at the position near the facing substrate
200. The firstalignment polymer 13 and the second alignment
polymer 23 affect the arrangement of the adjacent liquid
crystal 310. As described above, the first alignment polymer
13 and the second alignment polymer 23 reinforce the anchor-
ing energy ofthe liquid crystal 310 such that the alignment of
the liquid crystal 310 is reinforced, thereby enhancing the
alignment stability of the liquid crystal 310.
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[0138] Also, the first alignment layer 1 and the second
alignment layer 2 are not formed, and therefore, the non-
uniformity of the rubbing strength and the abrasion non-
uniformity of the rubber that are generated under the rubbing
process are prevented such that the stain due to the rubbing or
the light leakage may be eliminated, and the optical charac-
teristics such that the transmittance and the contrast ratio may
be improved.

[0139] On the other hand, when the ultraviolet (UV) rays
are irradiated, the process may be performed at a low tem-
perature of less than room temperature such that the order
parameter of the liquid crystal may be increased, and thereby
the alignment stability of the liquid crystal may be further
reinforced.

[0140] As described above, embodiment of the present
invention may be applied to IPS type liquid crystal displays
(LCDs), however embodiments of the present invention may
also be applied to FFS (fringe field switching) type liquid
crystal displays (LCDs).

[0141] FIG. 9 is a plan view of a liquid crystal display
(LCD) according to another exemplary embodiment, and
FIG. 10 is a cross-sectional view taken along the line X-X of
FIG. 9.

[0142] Theliquid crystal display (LCD) of FIG. 9 and FIG.
10 has a substantially similar structure as that of the liquid
crystal display (LCD) of FIG. 1 and FIG. 2, except for the
structure of the common electrode. This difference will be
described in more detail.

[0143] A common electrode 131 is formed on the first sub-
strate 110, and the common electrode 131 has a continuous
surface without a disconnection part in the pixel area. The
common electrode 131 overlaps a linear pixel electrode 190,
and has an opening 132 overlapping the data line 171. The
common electrode 131 may be made of the transparent con-
ductive material such as ITO (indium tin oxide) or IZO (in-
dium zinc oxide).

[0144] A protective layer 180 is formed on a data line 171
including a plurality of source electrodes 173, and a drain
electrode 175, and the protective layer 180 has a contact hole
185 exposing a portion of the drain electrode 175. The linear
pixel electrode 190 is connected to a portion of the drain
electrode 175 through the contact hole 185.

[0145] The linear pixel electrode 190 has a plurality of belt
shapes extending in the longitudinal direction. A first align-
ment layer 1 is formed on the linear pixel electrode 190. The
first alignment layer 1 is a liquid crystal horizontal alignment
layer such as a polyamic acid, a polyimide, nylon, PVA (poly-
vinyl alcohol), and PVC (polyvinyl chloride). The first align-
ment layer 1 is made of a material having a horizontal align-
ment characteristic such that a director of the liquid crystal
310 is initially aligned horizontally (e.g., parallel) with
respect to the substrate surface. The first alignment layer 1
may weakly undergo a rubbing process with a rubbing
strength of less than 250 mm such that the liquid crystal 310
near the first alignment layer 1 may have a pre-tilt.

[0146] Also, alight blocking member 220 is formed on the
second substrate 210, and a color filter 230 is formed in each
region defined by the light blocking member 220.

[0147] The color filter 230 and the light blocking member
220 may be formed on the thin film transistor substrate 100.
[0148] A capping layer 250 is formed on the color filter 230
and the light blocking member 220, in which the capping
layer 250 acts as a planarization layer. A second alignment
layer 2 is formed on the capping layer 250. The second align-
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ment layer 2 is also a liquid crystal horizontal alignment layer
such as a polyamic acid, a polyimide, nylon, PVA (polyvinyl
alcohol), and PVC (polyvinyl chloride). The second align-
ment layer 2 is made of a material having a horizontal align-
ment characteristic such that a director of the liquid crystal
310 is initially aligned horizontally with respect to the sub-
strate surface. The second alignment layer 2 slightly under-
goes the rubbing process with a rubbing strength of less than
250 mm such that the liquid crystal 310 near the second
alignment layer 2 may have the pre-tilt.

[0149] The liquid crystal layer 3 includes a liquid crystal
310 having an anisotropic positive dielectric constant, and the
first alignment polymer 13 positioned near the first alignment
layer 1 and the second alignment polymer 23 near the second
alignment layer 2 are formed in the liquid crystal layer 3.
[0150] The first alignment polymer 13 is formed by photo-
polymerizing the photo-polymerizable monomer or oligomer
33 included in the liquid crystal layer 3 to provide the align-
ment force to the liquid crystal 310, and the second alignment
polymer 23 is formed by photo-polymerizing the photo-po-
lymerizable monomer or oligomer 33 included in the liquid
crystal layer 3 to provide the alignment force to the liquid
crystal 310. The photo-polymerizable monomer or oligomer
33 that is not photo-polymerized may remain in the liquid
crystal layer 3.

[0151] As described above, the first alignment polymer 13
provides the alignment force to the liquid crystal 310 such
that the alignment force of the liquid crystal 310 near the first
alignment polymer 13 and having the pre-tilt may be rein-
forced. Also, the second alignment polymer 23 provides the
alignment force to the liquid crystal 310 such that the align-
ment force of the liquid crystal 310 near the second alignment
polymer 23 and having the pre-tilt may be reinforced.
[0152] Inthe IPS type liquid crystal display (LCD) accord-
ing to the first exemplary embodiment, the electric field
formed between the linear common electrode and the linear
pixel electrode is decreased away from the linear common
electrode and the linear pixel electrode such that the power
consumption is increased according to the high threshold
voltage, and the linear common electrode and the linear pixel
electrode are both formed on one substrate such that the
aperture ratio may be decreased. In the FFS (fringe field
switching) type liquid crystal display (LCD) according to the
second exemplary embodiment, to improve this problem, the
common electrode is formed with the continuous surface in
the pixel area such that the intensity of the electric field is
reinforced, and the common electrode is formed of the trans-
parent conductor such that the aperture ratio is improved.
[0153] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims and their equivalents.

<Description of some of the reference numerals™>

1: first alignment layer
3: liquid crystal layer
23: second alignment polymer
33: photo-polymerizable
monomer or oligomer
100: thin film transistor substrate
310: liquid crystal

2: second alignment layer
13: first alignment polymer

200: facing substrate
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What is claimed is:

1. A liquid crystal display (LCD) comprising:

a first substrate;

a second substrate facing the first substrate;

a first electrode and a second electrode formed on the first
substrate; and

aliquid crystal layer interposed between the first substrate
and the second substrate,

wherein a first alignment polymer configured to provide an
alignment force to the liquid crystal is ata portion of the
liquid crystal layer near the first substrate.

2. The liquid crystal display (LCD) of claim 1, further

comprising

a first alignment layer at the first substrate and contacting
the liquid crystal layer,

wherein the first alignment polymer is at a portion of the
liquid crystal layer near the first alignment layer, and

wherein the first alignment layer is a material configured to
horizontally align a liquid crystal of the liquid crystal
layer.

3. The liquid crystal display (LCD) of claim 2, wherein

the first alignment polymer comprises a polymerized
photo-polymerizable monomer or oligomer.

4. The liquid crystal display (LCD) of claim 3, wherein

the liquid crystal layer comprises unpolymerized photo-
polymerizable monomer or oligomer.

5. The liquid crystal display (LCD) of claim 1, wherein

a second alignment polymer is at a portion of the liquid
crystal layer near the second substrate, and

the second alignment polymer configured to provide an
alignment force to a liquid crystal of the liquid crystal
layer.

6. The liquid crystal display (LCD) of claim 5, further

comprising

a second alignment layer at the second substrate and con-
tacting the liquid crystal layer,

wherein the second alignment polymer is at a portion of the
liquid crystal layer near the second alignment layer, and

the second alignment layer is a material configured to
horizontally align the liquid crystal of the liquid crystal
layer.

7. The liquid crystal display (LCD) of claim 6, wherein

the second alignment polymer comprises a polymerized
photo-polymerizable monomer or oligomer.

8. The liquid crystal display (LCD) of claim 7, wherein

the liquid crystal layer comprises unpolymerized photo-
polymerizable monomer or oligomer.

9. The liquid crystal display (LCD) of claim 1, wherein

the first electrode comprises a linear pixel electrode of a
plurality of linear pixel electrodes, the second electrode
comprises a linear common electrode of a plurality of
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linear common electrodes, and the linear pixel elec-
trodes and the linear common electrodes are alternately
arranged on the first substrate.

10. The liquid crystal display (LCD) of claim 1, wherein

the first electrode comprises a linear pixel electrode, and
the second electrode comprises a common electrode
having a continuous surface in a pixel area.

11. A method for manufacturing a liquid crystal display

(LCD), the method comprising:

forming a first electrode and a second electrode on a first
substrate;

forming a second substrate;

injecting a liquid crystal and a photo-polymerizable mono-
mer or oligomer between the first substrate and the sec-
ond substrate; and

irradiating light to form an alignment polymer by polymer-
izing the photo-polymerizable monomer or oligomer.

12. The method of claim 11, wherein

the photo-polymerizable monomer or oligomer is poly-
merized under an electric field or a magnetic field.

13. The method of claim 11, wherein

the photo-polymerizable monomer or oligomer is poly-
merized under a temperature in the range from -20° C.
t030° C.

14. The method of claim 11, further comprising:

forming a second alignment layer on the second substrate;
and

rubbing the second alignment layer with a rubbing strength
of less than 250 mm.

15. The method of claim 14, further comprising

forming a first alignment layer on the first substrate.

16. The method of claim 15, further comprising

rubbing the first alignment layer with a rubbing strength of
less than 250 mm.

17. The method of claim 16, wherein

the alignment polymer comprises a first alignment polymer
formed near the first alignment layer and a second align-
ment polymer formed near the second alignment layer.

18. The method of claim 11, wherein

the first electrode comprises a linear pixel electrode of a
plurality of linear pixel electrodes, the second electrode
comprises a linear common electrode of a plurality of
linear common electrodes, and the linear pixel elec-
trodes and the linear common electrodes are alternately
arranged on the first substrate.

19. The method of claim 11, wherein

the first electrode comprises a linear pixel electrode, and
the second electrode comprises a common electrode
having a continuous surface in a pixel area.
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