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D1

A liquid crystal display according to an exemplary embodi-
ment of the present invention includes a first substrate and a
second substrate facing each other and a liquid crystal layer
formed between the first substrate and the second substrate
and including liquid crystal molecules. The liquid crystal
layer includes a first sub-region and a second sub-region
having different alignment azimuth angles of the liquid crys-
tal molecules, the liquid crystal molecules of the first sub-
region are aligned to have a first azimuth angle and a polar
angle of less than 90° near the first substrate and are vertically
aligned near the second substrate, and the liquid crystal mol-
ecules of the second sub-region are aligned to have a second
azimuth angle and a polar angle of less than 90° near the
second substrate and are vertically aligned near the first sub-
strate.
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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD FOR THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2009-0072517, filed on
Aug. 6, 2009, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments of the present invention
relate to a liquid crystal display and a manufacturing method
thereof.

[0004] 2. Discussion of the Background

[0005] Liquid crystal displays are now widely used as one
type of flat panel display. A liquid crystal display has two
display panels on which field generating electrodes such as
pixel is electrodes and a common electrode are formed, and a
liquid crystal layer interposed between the panels. In the
liquid crystal display, voltages are applied to the field gener-
ating electrodes to generate an electric field over the liquid
crystal layer, and the alignment of liquid crystal molecules of
the liquid crystal layer is determined by the electric field.
Accordingly, the polarization of incident light is controlled by
the alignment of the liquid crystal molecules, thereby per-
forming image display.

[0006] Among the liquid crystal displays, a vertical align-
ment (VA) mode liquid crystal display, which aligns liquid
crystal molecules such that their long axes are perpendicular
to the panels in the absence of an electric field, is of interest to
develop.

[0007] Inthe VA mode liquid crystal display, a wide view-
ing angle can be realized by cutouts such as minute slits in the
field-generating electrodes and protrusions on the field-gen-
erating electrodes. Since the cutouts and protrusions can
determine the tilt directions of the liquid crystal molecules,
the tilt directions can be distributed severally by using the
cutouts and protrusions such that the reference viewing angle
is widened. However, the cutouts and the protrusions may
reduce the aperture ratio of the liquid crystal display.

[0008] Also, a method for providing a pretilt to the liquid
crystal molecules in the absence of an electric field is of
interest to develop to improve the response speed of the liquid
crystal display while dispersing the inclination direction of
the liquid crystal molecules in the various directions. For the
liquid crystal molecules to have the pretilt of the various
directions, alignment layers having the various alignment
directions may be used, or a thermal- or light-hardenable
material may be added to the liquid crystal layer. The liquid
crystal layer with the added thermal- or light-hardenable
material is applied with an electric field, and then exposed to
heat or light to cure the hardenable material to maintain the
slope of the LC molecules in predetermined directions when
the electric field is removed.

[0009] In alight-alignment method in which a thermal- or
light-hardenable material is added to the liquid crystal layer
or to an alignment layer and light is irradiated to cure the
light-hardenable material to slope the liquid crystal mol-
ecules in predetermined directions, the upper substrate and
the lower substrate may be aligned differently from each
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other, for example in a crossing direction, and then combined.
Thereby the liquid crystal molecules are inclined in the direc-
tion of a vector combination of the alignment directions of the
upper substrate and the lower substrate.

[0010] Ina casein which the upper substrate and the lower
substrate are aligned differently from each other, when one
substrate of the upper substrate and the lower substrate is not
aligned in the desired direction or the alignment region is out
of the desired position such that misalignment occurs, the
transmittance of the liquid crystal display may be reduced.
Also, since the upper substrate and the lower substrate are
entirely light-aligned, many impurities may be generated dut-
ing the light-alignment such that the light energy used for the
light-alignment is increased.

[0011] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that is not part of the prior art at the time of the
invention.

SUMMARY OF THE INVENTION

[0012] Exemplary embodiments of the present invention
provide a liquid crystal display having an inclination direc-
tion of liquid crystal molecules dispersed in various direc-
tions and an increased response speed of the liquid crystal
layer by easily aligning the liquid crystal molecules in the
various directions.

[0013] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0014] An exemplary embodiment of the present invention
discloses a liquid crystal display that includes a first substrate
and a second substrate facing each other, and a liquid crystal
layer formed between the first substrate and the second sub-
strate and including liquid crystal molecules. The liquid crys-
tal layer includes a first sub-region and a second sub-region
having different alignment azimuth angles of the liquid crys-
tal molecules, the liquid crystal molecules of the first sub-
region are aligned to have a first azimuth angle and a polar
angle ofless than 90° near the first substrate and are vertically
aligned near the second substrate. The liquid crystal mol-
ecules of the second sub-region are aligned to have a second
azimuth angle and a polar angle of less than 90° near the
second substrate and are vertically aligned near the first sub-
strate.

[0015] An exemplary embodiment of the present invention
also discloses a manufacturing method of a liquid crystal
display that includes disposing a first mask including a first
transmission region and a first light blocking region on a first
alignment layer disposed on a first substrate, irradiating ultra-
violetrays to the first alignment layer through the first mask to
align the first alignment layer corresponding to the first trans-
mission region in a first direction. The method includes dis-
posing a second mask including a second transmission region
corresponding to the first light blocking region and a second
light blocking region corresponding to the first transmission
region on a second alignment layer disposed on a second
substrate, irradiating ultraviolet rays to the second alignment
layer through the second mask to align the second alignment
layer corresponding to the second transmission region in a
second direction. The method also includes combining the
first substrate and the second substrate to correspond the first
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transmission region to the second light blocking region and
the first light blocking region to the second transmission
region.

[0016] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0018] FIG. 1A is a schematic layout view of a pixel of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0019] FIG. 1B is a schematic cross-sectional view of a
pixel of a liquid crystal display according to an exemplary
embodiment of the present invention.

[0020] FIG. 1C is a layout view of an example of a pixel
electrode in a pixel of a liquid crystal display according to an
exemplary embodiment of the present invention.

[0021] FIG.2isa flowchart for explaining a manufacturing
sequence of a liquid crystal cell for a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0022] FIG.3,FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG.
9, and FIG. 10 are layout views of a mask used for a light-
alignment method and a pixel light-aligned among a is manu-
facturing method of a liquid crystal display according to an
exemplary embodiment of the present invention.

[0023] FIG. 11 is a graph showing a curved line of a volt-
age-transmittance according to an experimental example of
the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0024] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary 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 embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure is thorough, and will fully convey
the scope of the invention to those skilled in the art.

[0025] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals in the drawings designate like elements
throughout the specification. It will be understood that when
an element such as a layer. film, region, or substrate is referred
to as being “on” or “connected to” another element, it can be
directly on or directly connected to the other element, or
intervening elements may be present. In contrast, when an
element is referred to as being “directly on” or “directly
connected to” another element, there are no intervening ele-
ments present.

[0026] Now, a structure of a pixel of aliquid crystal display
according to an exemplary embodiment of the present inven-
tion will be described with reference to FIG. 1A, FIG. 1B, and
FIG. 1C. FIG. 1A is a schematic layout view of a pixel of a
liquid crystal display according to an exemplary embodiment
of the present invention, FIG. 1B is a schematic cross-sec-
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tional view of a pixel of a liquid crystal display according to
an exemplary embodiment of the present invention, and FIG.
1C is a layout view of an example of a pixel electrode in a
pixel of a liquid crystal display according to an exemplary
embodiment of the present invention.

[0027] Referring to FIG. 1A, a pixel of a liquid crystal
display according to an exemplary embodiment ofthe present
invention includes a first domain D1, a second domain D2, a
third domain D3, and a fourth domain D4 neighboring each
other and including liquid crystal molecules having different
pretilts. The liquid crystal molecules of each domain D1, D2,
D3, and D4 are inclined to have a pretilt in a state in which an
electric field is not applied, and an example of the direction of
aliquid crystal director of the liquid crystal molecules, that is,
the pretilted azimuth angle, is represented by arrows in FIG.
1A. As shown in the example, the direction of the liquid
crystal molecules that are pretilted in the horizontal direction
in the domains D1, D2, D3, and D4, that is, the azimuth angle,
is about 45° or 135° with respect to the boundary of each
pixel. However, in the pixel of the liquid crystal display
according to another exemplary embodiment of the present
invention, the azimuth angle of the liquid crystal molecules
that are pretilted in the domains D1, D2, D3, and D4 may be
parallel to the boundary of the pixel. The liquid crystal mol-
ecules are inclined in the pretilt direction, and the inclination
direction of the liquid crystal molecules is verified according
to the region in one pixel such that the reference viewing
angle of the liquid crystal display is increased, and the
response speed of the liquid crystal molecules may be
improved.

[0028] Referring to FIG. 1B, a liquid crystal display
according to an exemplary embodiment of the present inven-
tion includes a lower substrate 110, a pixel electrode 191
formed on the lower substrate 110, a lower alignment layer 11
formed on the pixel electrode 191, an upper substrate 210
facing the lower substrate 110, a common electrode 270
formed on the upper substrate 210, an upper alignment layer
21 formed on the common electrode 270, and a is liquid
crystal layer disposed between the lower substrate 110 and
the upper substrate 210 and including a plurality of liquid
crystal molecules 31. Although not shown, a polarizer may be
disposed below the lower substrate 110 and another polarizer
may be disposed above the upper substrate 210.

[0029] As shown in FIG. 1B, the liquid crystal molecules
31 of the first domain D1 that have the azimuth angle of the
first direction near the lower alignment layer 11, are pretilted
to have a polar angle of less than 90° with respect to the
surface of the lower substrate 110, and are vertically aligned
near the upper alignment layer 21, and the liquid crystal
molecules 31 of the second domain D2 are vertically aligned
near the lower alignment layer 11, have the azimuth angle of
the second direction near the upper alignment layer 21, and
are pretilted to have the polar angle of less than 90° with
respect to the surface of the upper substrate 210. Accordingly,
when the liquid crystal molecules 31 are applied with an
electric field, they are inclined on average in the first direction
in the first domain D1, and are inclined on average in the
second direction in the second domain D2.

[0030] Also, the liquid crystal molecules 31 of the third
domain D3 have the azimuth angle of the third direction near
the lower alignment layer 11, are pretilted to have a polar
angle of less than 90° with respect to the surface of the lower
substrate 110, and are vertically aligned near the upper align-
ment layer 21, and the liquid crystal molecules 31 of the
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fourth domain D4 are vertically aligned near the lower align-
ment layer 11, have the azimuth angle of the fourth direction
near the upper alignment layer 21, and are pretilted to have the
polar angle of less than 90° with respect to the surface of the
upper substrate 210. Accordingly, when the liquid crystal
molecules 31 are applied with the electric field, they are
inclined on average in the third direction in the third domain
D3, and are inclined on average in the fourth direction in the
fourth domain D4.

[0031] Here, the first direction and the third direction may
be opposite to each other, and for example, may respectively
form an angle of about 45° and about 135° with respect to the
boundary of the pixel, and the second direction and the fourth
direction may be opposite to each other, and for example, may
respectively form an angle of about 45° and about 135° with
respect to the boundary of the pixel. Also, the first direction
and the third direction may be parallel to each other, and the
second direction and the fourth direction may be parallel to
each other.

[0032] Further, the pixel electrode 191 of the liquid crystal
display according to an exemplary embodiment ofthe present
invention may include a basic electrode 199 as shown in FIG.
1C or amodification thereof. As shown in FIG. 1C, the overall
shape of the basic electrode 199 is a quadrangle, and includes
a cross-shaped stem including a transverse stem 193 and a
longitudinal stem 192 that are crossed. Also, the basic elec-
trode 199 including the first domain D1, the second domain
D2, the third domain D3, and the fourth domain D4 may be
divided by the transverse stem 193 and the longitudinal stem
192, and each of the domains D1, D2, D3, and D4 includes a
plurality of first, second, third, and fourth minute branches
194a, 1945, 194¢, and 1944.

[0033] The first minute branches 194a obliquely extend
from the transverse stem 193 or the longitudinal stem 192 in
the upper-left direction, and the second minute branches 1945
obliquely extend from the transverse stem 193 or the longi-
tudinal stem 192 in the upper-right direction. The third minute
branches 194¢ obliquely extend from the transverse stem 193
or the longitudinal stem 192 in the lower-left direction, and
the fourth minute branches 1944 obliquely extend from the
transverse stem 193 or the longitudinal stem 192 in the lower-
right direction.

[0034] The first, second, third, and fourth minute branches
1944,1945,194¢, and 1944 form an angle of about 45 degrees
or 135 degrees with the transverse stem 193. Also, the minute
branches 194a, 194D, 194¢, and 1944 of two neighboring
sub-regions D1, D2, D3, and D4 may be crossed.

[0035] Thelength direction of each of the minute branches
194a, 1945, 194¢, and 194d of each domain D1, D2, D3, and
D4 is respectively parallel to the first direction, the second
direction, the third direction, and the fourth direction in which
the liquid crystal molecules 31 are pretilted in the domains
D1, D2, D3, and D4.

[0036] The pixel electrodes 191 applied with the pixel volt-
age and the common electrode 270 applied with the common
voltage form an electric field over the liquid crystal layer.
Thus, the liquid crystal molecules 31 of the liquid crystal
layer change directions so that the major axes thereof become
perpendicular to the direction of the electric field in response
to the electric field. The degree of change of the polarization
of the light that is incident to the liquid crystal layer is accord-
ing to the inclination degree of the liquid crystal molecules,
and this change of the polarization appears as a change of
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transmittance by the other polarizer, thereby displaying
images of the liquid crystal display.

[0037] On the other hand, the edges of the minute branches
194a, 1945, 194¢, and 1944 distort the electric field to make
the horizontal components perpendicular to the edges of the
minute branches 194a, 1946, 194¢, and 1944, and the incli-
nation direction of the liquid crystal molecules 31 is deter-
mined in the direction determined by the horizontal compo-
nents. Also, as described above, the liquid crystal molecules
31 of the present invention are already pretilted in the direc-
tion parallel to the length direction of the minute branches
1944, 1945, 194¢, and 1944 such that they are tilted in the
required direction one time, thereby the response speed of the
liquid crystal display may be improved.

[0038] In FIG. 1C, the basic electrode 199 of the pixel
electrode 191 has the minute branches 194a, 1945, 194¢, and
1944 in the domains D1, D2, D3, and D4, however in the case
of the domains D1 and D3 that are light-aligned near the
lower alignment layer 11, the pixel electrode 191 may have a
general square shape, not the shape of the minute branches
194a and 194c.

[0039] Next, a manufacturing method of a liquid crystal
display according to an exemplary embodiment ofthe present
invention will be described with reference to FIG. 2, FIG. 3,
FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, and FIG. 10.
FIG. 2 is a flowchart for explaining a manufacturing sequence
ofaliquid crystal cell for aliquid crystal display according to
an exemplary embodiment of the present invention, and FIG.
3, FIG. 4, F1G. 5, FIG. 6, F1G. 7, FIG. 8, FIG. 9, and FIG. 10
are layout views of a mask used for a light-alignment method
and a pixel light-aligned in a manufacturing method of a
liquid crystal display according to an exemplary embodiment
of the present invention.

[0040] Firstly, as shown in FIG. 2, an upper mother sub-
strate and a lower mother substrate are completed through
each process (S102 and S202). The upper mother substrate
includes a common electrode, and may further include a color
filter. The lower mother substrate may include a thin film
transistor and a pixel electrode.

[0041] Alignment layers formed in the upper mother sub-
strate and the lower mother substrate are irradiated with lin-
early polarized ultraviolet (LPUV) rays or are partially polar-
ized for light alignment (S104 and S204). The linearly
polarized ultraviolet rays are obliquely irradiated to the sur-
face of the alignment layer to generate the same effect as that
of the alignment layer surface being rubbed in a predeter-
mined direction. The method in which the linearly polarized
ultraviolet rays are obliquely irradiated to the surface of the
alignment layer is is possible by inclining the mother sub-
strate or by inclining an irradiation. Here, if a light-polymer-
izing material is used, a light stabilizing agent and/or a cross-
linking agent may be added.

[0042] Next, a sealing is formed (S206) on the upper
mother substrate and a liquid crystal is dripped thereto
(5208), and the lower mother substrate and the upper mother
substrate are combined ($300).

[0043] Next, they are scribed according to a cutting line to
divide the liquid crystal display assembly into respective
liquid crystal cells (S302).

[0044] When the liquid crystal is filled by liquid crystal
injection, the liquid crystal is injected after dividing the liquid
crystal cells.

[0045] Now, a light-alignment method of a manufacturing
method of a liquid crystal display according to an exemplary
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embodiment of the present invention will be described with
reference to FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7. FIG. 8,
FIG. 9, and FIG. 10.

[0046] Referring to FIG. 3, in a light-alignment method of
the liquid crystal display according to the present exemplary
embodiment, the lower substrate is exposed by using a slit
mask 30including an opening O exposing one ofa plurality of
domains of one pixel and a light blocking portion B corre-
sponding to the rest of the pixel, as shown in FIG. 3(a). Here,
a mask 30 corresponding to one pixel is shown in FIG. 3(a),
however a wider region may be simultaneously light-aligned
by using a large mask with appropriate openings O repeatedly
disposed as one unit (not shown), and the mother substrate
may be simultaneously light-aligned by a similar large mask.
[0047] The linearly polarized ultraviolet rays are irradiated
by using the mask 30 shown in FIG. 3(a) such that the first
region of the upper substrate is light-aligned. Next, after
rotating is the mask 30 by 180°, the linearly polarized ultra-
violetrays are irradiated such that the third region of the upper
substrate is light-aligned. Here, the azimuth angle that is
aligned by controlling the irradiation direction of the ultra-
violet rays and exposing two times or more may be controlled
to the desired angle. For example, after irradiating the linearly
polarized ultraviolet rays in the right and left directions of the
mask, the linearly polarized ultraviolet rays are irradiated in
the up and down directions of the mask, or the linearly polar-
ized ultraviolet rays are irradiated in a reverse sequence for
the azimuth angle of the liquid crystal director to be toward
the right and down directions of the mask.

[0048] Next, after using the mask that has right and left
symmetry with respect to the mask 30 shown in FIG. 3(a), or
reversing the mask 30 up and down, the linearly polarized
ultraviolet rays are irradiated such that the second region of
the lower substrate is light-aligned, and after rotating the
mask 30 by 180°, the fourth region of the lower substrate is
light-aligned by irradiating the linearly polarized ultraviolet
rays.

[0049] As described above, examples in which the light-
aligned lower substrate and the light-aligned upper substrate
are combined are shown in FIG. 3(b), FIG. 3(¢), FIG. 3(d),
and FIG. 3(e). In FIG. 3(b), FIG. 3(c), FIG. 3(d), and FIG.
3(e), the directions that the liquid crystal directors are
directed in the sub-regions R1, R2, R3, and R4 of the pixel are
represented by arrows, wherein the case in which the lower
substrate is aligned is represented as the solid arrow, and the
case in which the upper substrate is aligned is represented as
the open lined arrow.

[0050] Referring to FIG. 3(5), the upper substrate is light-
aligned to have the pretilt, the lower substrate is vertically
aligned, and the azimuth angle of the pretilt is aligned to be
directed toward the right and down directions from the left
and up directions of the pixel, or is aligned to be directed
toward the left and up directions from the right and down
directions of the pixel in the first sub-region R1, and the upper
substrate is vertically aligned, the lower substrate is light-
aligned to have the pretilt. The upper substrate is vertically
aligned, the lower substrate is light-aligned to have the pretilt,
and the azimuth angle of the pretilt is aligned to be directed
toward the left and down directions from the right and up
directions of the pixel, or is aligned to be directed from the left
and down directions toward the right and up directions of the
pixel in the second sub-region R2. In the third sub-region R3,
the upper substrate is light-aligned to have the pretilt, the
lower substrate is vertically aligned, the azimuth angle of the
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pretilt is aligned to be directed from the right and down
directions to the left and up directions of the pixel, or is
aligned to be directed from the left and up directions toward
the right and down directions of the pixel. In the fourth sub-
region R4, the upper substrate is vertically aligned, the lower
substrate is light-aligned to have the pretilt, and the azimuth
angle of the pretilt is aligned to be directed from the left and
down directions to the right and up directions of the pixel, or
is aligned to be directed from the right and up directions
toward the left and down directions of the pixel. Here, the
azimuth angle of the pretilt of the first sub-region R1 and the
azimuth angle of the pretilt of the third sub-region R3 are
opposite to each other, that is, may form 180°, and the azi-
muth angle of the pretilt of the second sub-region R2 and the
azimuth angle of the pretilt of the fourth sub-region R4 are
opposite to each other, that is, may form 180°.

[0051] Referring to FIG. 3(c), in the first sub-region R1, the
upper substrate is light-aligned to have the pretilt, the lower
substrate is vertically aligned, and the azimuth angle of the
pretilt is aligned to be directed from the right and up direc-
tions of the pixel toward the left and down directions, or is
aligned to be directed from the left and down directions of the
pixel toward the right and up directions, and in the second
sub-region R2, the upper substrate is vertically aligned, the
lower substrate is light-aligned to have the pretilt, and the
pretilt of the azimuth angle is aligned to be directed from the
left and up directions of the pixel toward the right and down
directions. In the third sub-region R3, the upper substrate is
light-aligned to have the pretilt, the lower substrate is verti-
cally aligned, and the azimuth angle of the pretilt is aligned to
be directed from the left and down directions of the pixel
toward the right and up directions, or is aligned to be directed
from the right and up directions of the pixel toward the left
and down directions, and in the fourth sub-region R4, the
upper substrate is vertically aligned, the lower substrate is
light-aligned to have the pretilt, and the azimuth angle of the
pretilt is aligned to be directed from the right and down
directions of the pixel toward the left and up directions, or is
aligned to be directed from the left and up directions toward
the right and down directions of the pixel. Here, the azimuth
angle of the pretilt of the first sub-region R1 and the azimuth
angle of the pretilt of the third sub-region R3 are opposite to
each other, that is, may form 180°, and the azimuth angle of
the pretilt of the second sub-region R2 and the azimuth angle
of the pretilt of the fourth sub-region R4 are opposite to each
other, that is, may form 180°.

[0052] Referring to FIG. 3(d), in the first sub-region R1, the
upper substrate is light-aligned to have the pretilt, the lower
substrate is vertically aligned, the azimuth angle of the pretilt
is aligned to be directed from the right and up directions ofthe
pixel toward the left and down directions, or is aligned to be
directed from the left and down directions of the pixel toward
the right and up directions, and in the second sub-region R2,
the upper substrate is vertically aligned, the lower substrate is
light-aligned to have the pretilt, and the azimuth angle of the
pretilt is aligned to be directed from the right and up direc-
tions of the pixel toward the left and down directions, or is
aligned to be directed from the left and down directions of the
pixel toward the right and up directions. In the third sub-
region R3, the upper substrate is light-aligned to have the
pretilt, the lower substrate is vertically aligned, the azimuth
angle of'the pretilt is aligned to be directed from the right and
down directions of the pixel toward the left and up directions,
or is aligned to be directed from the left and up directions of
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the pixel toward the right and down directions, and in the
fourth sub-region R4, the upper substrate is vertically aligned,
the lower substrate is light-aligned to have the pretilt, the
azimuth angle of the pretilt is aligned to be directed from the
right and down directions of the pixel toward the left and up
directions, or is aligned to be directed from the left and up
directions of the pixel toward the right and down directions.

[0053] Referring to FIG. 3(e), in the first sub-region R1, the
upper substrate is light-aligned to have the pretilt, the lower
substrate is vertically aligned, the azimuth angle of the pretilt
is aligned to be directed from the right and up directions of the
pixel toward the left and down directions, or is aligned to be
directed from the left and down directions of the pixel toward
the right and up directions, and in the second sub-region R2,
the upper substrate is vertically aligned, the lower substrate is
light-aligned to have the pretilt, and the azimuth angle of the
pretilt is aligned to be directed from the right and up direc-
tions of the pixel toward the left and down directions, or is
aligned to be directed from the left and down directions of the
pixel toward the right and up directions. In the third sub-
region R3, the upper substrate is light-aligned to have the
pretilt, the lower substrate is vertically aligned, the azimuth
angle of the pretilt is aligned to be directed from the left and
down directions of the pixel toward the right and up direc-
tions, or is aligned to be directed from the right and up
directions of the pixel toward the left and down directions,
and in the fourth sub-region R4, the upper substrate is verti-
cally aligned, the lower substrate is light-aligned to have the
pretilt, and the azimuth angle of the pretilt is aligned to be
directed from the left and down directions of the pixel toward
the right and up directions, or is aligned to be directed from
the right and up directions of the pixel toward the left and
down directions.

[0054] As described above, in the manufacturing method of
the liquid crystal display according to an exemplary embodi-
ment of the present invention, the pixel including the plurality
of regions that are pretilted in the various directions may be
formed by using one mask 30. Also, in the manufacturing
method of the liquid crystal display according to an exem-
plary embodiment of the present invention, one of the upper
substrate and the lower substrate is light-aligned to have the
predetermined azimuth angle and polar angle in each domain,
and the other is vertically aligned in the corresponding
domain thereby realizing the plurality of domains. Accord-
ingly, compared with the method in which the upper substrate
and the lower substrate are light-aligned and the pretilt angle
is formed through the vector combination of the upper sub-
strate and the lower substrate, the pretilt direction may be
easily controlled, the energy consumed for the alignment is
reduced, and the generation of the impurities according to the
alignment is reduced.

[0055] Referring to FIG. 4, as show in FIG. 4(a) and FIG.
4(b), in the light-alignment method of the liquid crystal dis-
play according to the present exemplary embodiment, two
mosaic masks 40a and 405 including openings O1 and O2
exposing a portion of a plurality of domains of one pixel and
light blocking portions B1 and B2 corresponding to the
remaining domains are used to expose the upper substrate and
the lower substrate. As described above, two masks 40a and
405 corresponding to one pixel are show in FIG. 4(¢) and FIG.
4(b), however a wider region may be simultaneously light-
aligned by using a large mask with appropriate openings O1
and O2 repeatedly disposed as one unit (not shown), and the
mother substrate may be simultaneously light-aligned by a
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similar large mask. Also, two masks 40a and 405 correspond-
ing to one pixel are show in FIG. 4(a) and FIG. 4(), however
the positions of the upper substrate and the lower substrate
may be reversed after light-aligning one substrate of the upper
substrate and the lower substrate by using one of two masks,
and the other may be light-aligned. As described above, the
azimuth angle that is aligned by controlling the irradiation
direction of the ultraviolet rays and exposing two times or
more may be controlled to the desired angle.

[0056] Inthe exemplary embodiment shown in F1G. 4, two
regions of the pixel are simultaneously light-aligned such that
the light-alignment may be faster than in the exemplary
embodiment shown in FIG. 3.

[0057] FIG. 4(c), FIG. 4(d), and FIG. 4(e) show the light-
aligned lower substrate and the light-aligned upper substrate.
In FIG. 4(c), FIG. 4(d), and FIG. 4(e), the directions that the
liquid crystal directors are directed in the sub-regions R1, R2,
R3, and R4 of the pixel are represented by arrows, wherein the
case in which the lower substrate is aligned is represented as
the solid arrow, and the case in which the upper substrate is
aligned is represented as the open lined arrow. The light-
aligned pretilt directions shown in FIG. 4(c), FIG. 4(d), and
FIG. 4(e) are the same as those of F1G. 3(b), FIG. 3(¢), and
FIG. 3(e) such that further description thereof is omitted here.

[0058] Referring to FIG. 5, in the light-alignment method
of the liquid crystal display according to the present exem-
plary embodiment, as shown in FIG. 5(a), the linearly polar-
ized ultraviolet rays are irradiated to the lower substrate by
using a slit mask 50 including an opening O exposing the
upper portion of one pixel and a light blocking portion B
corresponding to the lower portion thereof for the light-align-
ment of the lower substrate, and after rotating the mask 50 by
180°, the upper substrate is irradiated with the linearly polar-
ized ultraviolet rays by using the mask 50 for the light-align-
ment of the upper substrate.

[0059] Examples in which the light-aligned lower substrate
and the light-aligned upper substrate are combined are shown
in FIG. 5(b), F1IG. 5(c), and FIG. 5(d). InFIG. 5(b), FIG. 5(c),
and FIG. 5(d), the directions that the liquid crystal directors
are directed are represented by arrows, wherein the case in
which the lower substrate is aligned is represented as the solid
arrow, and the case in which the upper substrate is aligned is
represented as the open lined arrow. The detailed description
is similar to that set forth above with regard to FIG. 3 and FIG.
4, therefore further description is omitted here.

[0060] Referring to FIG. 6, in the light-alignment method
of the liquid crystal display according to the present exem-
plary embodiment, as shown in FIG. 6(a) and F1G. 6(b), two
masks 60a and 605 corresponding to two pixels are used to
expose the upper substrate and the lower substrate. Here, the
masks 60a and 605 corresponding to two pixels are shown in
FIG. 6(¢) and FIG. 6(b), however a wide region may be
simultaneously light-aligned by using a large mask with
appropriate openings O repeatedly disposed as one unit (not
shown), and the mother substrate may be simultaneously
light-aligned by a similar large mask. Also, two masks 60a
and 605 corresponding to one pixel are shown in FIG. 6(a)
and FIG. 6(b), however the positions of the upper substrate
and the lower substrate may be reversed up and down after
light-aligning one substrate of the upper substrate and the
lower substrate by using one of two masks, and then the other
may be light-aligned using the same mask. As described
above, the azimuth angle that is aligned by controlling the
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irradiation direction of the ultraviolet rays and exposing two
times or more may be controlled to the desired angle.

[0061] In the exemplary embodiment shown in FIG. 6, the
regions of two pixels are simultaneously light-aligned such
that the light-alignment may be faster than in the exemplary
embodiment shown in FIG. 5.

[0062] FIG. 6(c) shows an example in which the light-
aligned lower substrate and the light-aligned upper substrate
are combined. In two pixel regions P1 and P2, the directions
that the liquid crystal directors are directed are represented by
arrows, wherein the case in which the lower substrate is
aligned is represented as the solid arrow, and the case in which
the upper substrate is aligned is represented as the open lined
arrow. Further detailed description is similar to that set forth
abovewithregard to FIG. 3,F1G. 4, and F1G. 5, and is omitted
here.

[0063] Referring to FIG. 7, in the light-alignment method
of the liquid crystal display according to the present exem-
plary embodiment, the linearly polarized ultraviolet rays are
irradiated to the upper substrate and the lower substrate by
using the mask 70a shown in FIG. 7(a) and the mask 705
shown in FIG. 7(b) for the light-alignment of the upper sub-
strate and the lower substrate. Here, the light-alignment is
executed while sequentially moving the mask such that the
entire mother substrate may be light-aligned. The movement
of the mask may be executed by the pitch thatis two times the
interval of the opening O.

[0064] Examples in which the light-aligned lower substrate
and the light-aligned upper substrate are combined are shown
in FIG. 7(c), FIG. 7(d), FIG. 7(e), and F1G. 7(f). In FIG. 7(c),
FIG. 7(d), FIG. 7(e), and FI1G. 7(f), the directions that the
liquid crystal directors are directed are represented by arrows,
wherein the case in which the lower substrate is aligned is
represented as the solid arrow, and the case in which the upper
substrate is aligned is represented as the open lined arrow.
Further detailed description is similar to that set forth above
and is omitted here.

[0065] Referring to FIG. 8, in the light-alignment method
of the liquid crystal display according to the present exem-
plary embodiment, the linearly polarized ultraviolet rays are
irradiated to the upper substrate and the lower substrate by
using the mask 80 for the light-alignment of the upper sub-
strate and the lower substrate. Here, the light-alignment is
executed while sequentially moving the mask such that the
entire mother substrate may be light-aligned. The movement
of the mask may be executed by a pitch of two times the
interval of the opening O. Here, the arrangement of the mask
is controlled to light-align one substrate of the upper is sub-
strate and the lower substrate, and to vertically align the other
substrate in each sub-region of the pixel.

[0066] Examples in which the light-aligned lower substrate
and the light-aligned upper substrate are combined are shown
in FIG. 8(b), FIG. 8(c), FIG. 8(d), and FIG. 8(e). In FIG. 8(b),
FIG. 8(¢), FIG. 8(d), and F1G. 8(e), the directions in which the
liquid crystal directors are directed are represented by arrows,
wherein the case in which the lower substrate is aligned is
represented as the solid arrow, and the case in which the upper
substrate is aligned is represented as the open lined arrow.
Further detailed description is described above and is omitted
here.

[0067] Referring to FIG. 9, in the light-alignment method
of the liquid crystal display according to the present exem-
plary embodiment, the linearly polarized ultraviolet rays are
irradiated to the upper substrate and the lower substrate by
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using the mask 90a shown in FIG. 9(a) and the mask 905
shown in FIG. 9(b) for the light-alignment of the upper sub-
strate and the lower substrate. The masks 90a and 904 accord-
ing to the present exemplary embodiment may divide one
pixel into at least five sub-regions.

[0068] Examples in which the light-aligned lower substrate
and the light-aligned upper substrate are combined are shown
in FIG. 9(c) and FIG. 9(d). In FIG. 9(c) and FIG. 9(d), the
directions that the liquid crystal directors are directed are
represented by arrows, wherein the case in which the lower
substrate is aligned is represented as the solid arrow, and the
case in which the lower substrate is aligned is represented as
the open lined arrow. The detailed description is similar to
that set forth above and is omitted here. In the present exem-
plary embodiment, the masks 90a and 905 dividing one pixel
into at least five sub-regions are used for the light-alignment
such that the pixel may include at least five domains.

[0069] Referring to FIG. 10, in the light-alignment method
of the liquid crystal display according to the present exem-
plary embodiment, a mask 100 corresponding to two neigh-
boring pixels is used to respectively expose the upper sub-
strate and the lower substrate, as shown in FIG. 10(a). The
position of the other of the upper substrate and the lower
substrate may be reversed up and down after light-aligning
one substrate of the upper substrate and the lower substrate by
using the mask, and the other may be light-aligned. Accord-
ingly, one substrate of the upper substrate and the lower
substrate may be only light-aligned in each sub-region of the
pixel.

[0070] FIG. 10(b) shows the example in which the light-
aligned lower substrate and the light-aligned upper substrate
are combined. In two pixel regions P1 and P2, the directions
that the liquid crystal directors are directed are represented by
the arrows, wherein the case in which the lower substrate is
aligned is represented as the solid arrow, and the case in which
the upper substrate is aligned is represented as the open lined
arrow. Further detailed description is omitted.

[0071] In the above described exemplary embodiment, the
linearly polarized ultraviolet or the partial polarization is
irradiated to the alignment layer formed in the upper and
lower mother substrates for the light-alignment, however a
light-alignment material that tilts about 45° by absorbing a P
wave may be used for the light-alignment in another exem-
plary embodiment of the present invention. In this case, the P
wave is emitted by using the light-alignment masks shown in
FIG. 3, FIG. 4,FI1G.5,FIG. 6,FIG. 7, FIG. 8, FIG. 9, and FIG.
10 such that the light-alignment of the pretilt having the
desired azimuth angle may be realized through only one
exposure.

[0072] As described above, in the manufacturing method of
the liquid crystal display according to an exemplary embodi-
ment of the present invention, the alignment layer formed in
one substrate of the lower substrate and the upper substrate is
light-aligned per each domain such that the amount of light
energy used for the light-alignment may be reduced and con-
trol of the alignment direction may be easy, compared with
the conventional method in which the alignment layers of the
lower substrate and the upper substrate are all light-aligned.
[0073] Next, through an experimental example, the perfor-
mance characteristics of the light-aligned liquid crystal dis-
play produced by the manufacturing method of a liquid crys-
tal display according to an exemplary embodiment of the
present invention will be described with reference to FIG. 11.
FIG. 11 is a graph showing a voltage-transmittance curve
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according to an experimental example of an exemplary
embodiment of the present invention.

[0074] In the present experimental examples the same lig-
uid crystal and alignment layer material are used. The first
case C1 is one in which the alignment layers of the lower
substrate and the upper substrate were light-aligned in direc-
tions crossing each other to form the pretilt of the predeter-
mined azimuth angle by the vector combination. The second
case C2 is one in which the alignment layer of one of the lower
substrate and the upper substrate was pretilted to have the
predetermined azimuth angle according to an exemplary
embodiment of the present invention. The voltage holding
ratio and voltage-transmittance curves were compared. Here,
in the second case C2, only the lower substrate is light-
aligned, and the upper substrate is vertically aligned. Also, a
VA liquid crystal produced by Merck Company is used, and
when the direction perpendicular to the surface of the sub-
strate is 0, the linearly polarized ultraviolet rays of 40 degrees
are irradiated at an intensity of 50 mJ.

[0075] Two experimental examples were executed,
wherein the pretilt angle was 88.4° in the first experimental
example and the pretilt angle was 89.2° in the second experi-
mental example.

[0076] As results, for the first experimental example, the
voltage holding ratio of the first case C1 was 98.95% and the
voltage holding ratio of the second case C2 was 99.05%, and
for the second experimental example, the voltage holding
ratio of the first case C1 was 98.99% and the voltage holding
ratio of the second case C2 was 99.05%. Compared with the
first case C1 that is light-aligned by the conventional method,
the second case C2 that is light-aligned by the exemplary
embodiment of the present invention has a higher voltage
holding ratio.

[0077] Next, the transmittance characteristic of the liquid
crystal display will be described with reference to FIG. 11.
FIG. 11(a) shows the result of the first experimental example,
and FIG. 11(b) shows the result of the second experimental
example.

[0078] Referring to FIG. 11(a), in the first experimental
example, compared with the first case C1 that is light-aligned
by the conventional method, the second case C2 that is light-
aligned by the exemplary embodiment of the present inven-
tion has higher transmittance. Referring to FIG. 11(5), in the
second experimental example, compared with the first case
C1 that is light-aligned by the conventional method, the sec-
ond case C2 that is light-aligned by the exemplary embodi-
ment of the present invention has higher transmittance.
[0079] As described above, the light-aligned liquid crystal
display produced through the manufacturing method of the
liquid crystal display according to an exemplary embodiment
of the present invention has a higher voltage holding ratio and
higher transmittance compared with the liquid crystal display
formed by the conventional method in which the alignment
layers of the lower substrate and the upper substrate are both
light-aligned.

[0080] Also, as described above, in the manufacturing
method of the liquid crystal display according to an exem-
plary embodiment of the present invention, only the align-
ment layer disposed on one substrate of the lower substrate
and the upper substrate is light-aligned such that only a por-
tion of the lower substrate and the upper substrate is light-
aligned. Accordingly, compared with the conventional
method in which the alignment layers of the lower substrate
and the upper substrate are both light-aligned, the amount of
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light energy for the light-alignment is reduced, and the con-
trol of the alignment direction is easy. Accordingly, the liquid
crystal molecules are more easily aligned in the various direc-
tions than in the conventional art such that the inclination
directions of the liquid crystal molecules are dispersed in the
various directions and the response speed of the liquid crystal
molecules may be faster.

[0081] Accordingly, the liquid crystal display according to
an exemplary embodiment of the present invention may eas-
ily light-align with less energy in a desired direction, and may
reduce impurities resulting from the light-alignment. Accord-
ingly, the inclination direction of the liquid crystal molecules
is dispersed in various directions, and the response speed of
the liquid crystal may be fast by aligning the liquid crystal
molecules in the various directions.

[0082] While this invention 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. It will be apparent
to those skilled in the art that various modifications and varia-
tions can be made in the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope of
the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate and a second substrate disposed facing each
other; and

a liquid crystal layer disposed between the first substrate
and the second substrate and comprising liquid crystal
molecules,

wherein the liquid crystal layer comprises a first sub-region
and a second sub-region comprising different alignment
azimuth angles of the liquid crystal molecules,

the liquid crystal molecules of the first sub-region are
aligned to have a first azimuth angle and a polar angle of
less than 90° near the first substrate and are vertically
aligned near the second substrate, and

the liquid crystal molecules of the second sub-region are
aligned to have a second azimuth angle and a polar angle
of less than 90° near the second substrate and are verti-
cally aligned near the first substrate.

2. The liquid crystal display of claim 1, wherein

the first azimuth angle of the first sub-region and the second
azimuth angle of the second sub-region are disposed 90°
to each other.

3. The liquid crystal display of claim 2, wherein

the liquid crystal layer further comprises a third sub-region
and a fourth sub-region comprising different alignment
azimuth angles of the liquid crystal molecules from the
first sub-region and the second sub-region,

the liquid crystal molecules of the third sub-region are
aligned to have a third azimuth angle and a polar angle of
less than 90° near the first substrate and are vertically
aligned near the second substrate,

the liquid crystal molecules of the fourth sub-region are
aligned to have a fourth azimuth angle and a polar angle
of less than 90° near the second substrate and are verti-
cally aligned near the first substrate,

the first azimuth angle of the first sub-region and the third
azimuth angle of the third sub-region are disposed 180°
to each other, and
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the second azimuth angle of the second sub-region and the
fourth azimuth angle of the fourth sub-region are dis-
posed 180° to each other.

4. The liquid crystal display of claim 1, wherein

the first azimuth angle of the first sub-region and the second
azimuth angle of the second sub-region are disposed
180° to each other.

5. The liquid crystal display of claim 1, further comprising

a pixel electrode disposed on the second substrate and
comprising branches extending in a direction, and

the branches of the pixel electrode disposed in the first
sub-region are extended in a direction parallel to the first
azimuth angle.

6. The liquid crystal display of claim 1, further comprising

a pixel electrode disposed on the first substrate and com-
prising branches extending in a direction, and

the branches of'the pixel electrode disposed in the second
sub-region are extended in a direction parallel to the
second azimuth angle.

7. The liquid crystal display of claim 1, further comprising

an alignment layer, wherein

the alignment layer comprises a light-polymerized mate-
rial.

8. The liquid crystal display of claim 7, wherein

the alignment layer further comprises a light stabilizing
agent.

9. The liquid crystal display of claim 7, wherein

the alignment layer further comprises a cross-linking
agent.

10. A method for manufacturing a liquid crystal display,

comprising:
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disposing a first mask comprising a first transmission
region and a first light blocking region on a first align-
ment layer disposed on a first substrate;

irradiating ultraviolet rays to the first alignment layer
through the first mask to align the first alignment layer
corresponding to the first transmission region in a first
direction;

disposing a second mask comprising a second transmission
region corresponding to the first light blocking region
and a second light blocking region corresponding to the
first transmission region on a second alignment layer
disposed on a second substrate;

irradiating ultraviolet rays to the second alignment layer
through the second mask to align the second alignment
layer corresponding to the second transmission region in
a second direction; and

combining the first substrate and the second substrate such
that the first transmission region corresponds to the sec-
ond light blocking region, and the first light blocking
region corresponds to the second transmission region.

11. The method of claim 10, wherein

the first alignment layer and the second alignment layer
comprise a light-polymerized material.

12. The method of claim 11, wherein

the first alignment layer and the second alignment layer
further comprise a light stabilizing agent.

13. The method of claim 11, wherein

the first alignment layer and the second alignment layer
further comprise a cross-linking agent.
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