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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The present invention relates to a liquid crystal
display panel with multi-domain unit pixels and an optical
mask for manufacturing the liquid crystal display panel

in a photo-alignment process.

2. Discussion of the Related Art

[0002] A liquid crystal display module includes a liquid
crystal display panel, on which images are displayed by
changing an arrangement of liquid crystal molecules in
a liquid crystal layer according to an electrical field gen-
erated in the liquid crystal layer, a backlight assembly for
providing light to the liquid crystal display panel, and a
case in which the liquid crystal display panel and the
backlight assembly are fixed.

[0003] A liquid crystal display panel includes the liquid
crystal layer, a pair of substrates with the liquid crystal
layer interposed therebetween, and a pair of polarizers
attached to the exteriors of the substrates. It is desirable
for an image displayed on a liquid crystal display panel
to have the same display quality no matter which direction
itis viewed. To this end, many attempts have been made.
For example, a Vertical Alignment (VA) mode liquid crys-
tal display, which uses verticality of liquid crystal mole-
cules with respect to a substrate, and a Plane to Line
Switching (PLS) mode liquid crystal display, which uses
horizontality of liquid crystal molecules with respect to a
substrate have been developed. Because the liquid crys-
tal molecules of these displays have similar refractive-
index anisotropy characteristics in different directions,
VA and PLS mode liquid crystal displays have a wide
viewing angle.

[0004] For more improved viewing angle characteris-
tics, patterns of metal wires, slits or projections made of
an organic film are formed on unit pixels so that liquid
crystal molecules may have a similar slope in different
directions. However, since liquid crystal molecules are
affected by a fringe field, the patterns, the slits or the
projections may reduce an aperture ratio, which is a ratio
of the region where the light provided from a backlight
assembly passes through a unit pixel to the total area of
the unit pixel. The term ’unit pixel' as used herein may
refer to a pixel representing the basic colors of a liquid
crystal display panel.

[0005] Liquid crystal molecules should always main-
tain the same arrangement with respect to the same po-
tential. To this end, a pretilt is formed in an alignment film
on a substrate to fix adirection and a slope of liquid crystal
molecules located near the substrate. The pretilt of an
alignment film is formed by physically rubbing a rubbing
cloth on an alignment material previously formed on the
substrate. However, the method of using the rubbing
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cloth may reduce the yield of liquid crystal display panels
since a foreign substance may be introduced or static
electricity may occur on the alignment layer due to the
contact. In addition, rubbing cloths are frequently re-
placed, causing an increase in process time and cost.
[0006] Toimprove yield of a liquid crystal panel, a pho-
to-alignment process has been introduced. The photo-
alignment process forms a pretilt of an alignment film
using a non-contact method without forming patterns,
slits or projections in a pixel region. The photo-alignment
process includes applying a photo-reactive material onto
a substrate and obliquely irradiating ultraviolet (UV) light
to the surface on which the photo-reactive material is
applied. A pretilt of an alignment film is formed according
to the direction of the irradiation. Accordingly, liquid crys-
tal molecules may be tilted in several different directions
by dividing a unit pixel into several regions and irradiating
light thereto in different directions.

[0007] For example, a unit pixel may be divided in hor-
izontal and vertical directions to have four domains. Lig-
uid crystal molecules are tilted in different directions ac-
cording to the domains. However, liquid crystal mole-
cules located at boundary parts between neighboring or
adjacent domains may not be tilted to correspond to a
voltage applied to the pixel. As a result, these liquid crys-
tal molecules may block light, forming a Domain Bound-
ary Texture (DBT) where a normal luminance does not
appear in the domain. In other words, the DBT is a dark
part or a shadow of a unit pixel, and distinguishes do-
mains whose liquid crystal molecules are tilted in different
directions.

[0008] A unit pixel has a pixel electrode formed on one
substrate, a common electrode formed on another trans-
parent substrate spaced apart from the substrate of the
pixel electrode, and a liquid crystal layer interposed be-
tween the two substrates. The pixel electrode is formed
on each of a plurality of unit pixels arranged on one sub-
strate while the common electrode is formed on the entire
surface of another substrate, causing a fringe field to be
formed between the edge of the pixel electrode and the
common electrode. Liquid crystal molecules, which are
influenced by the fringe field, are independently arranged
without being affected by a pixel potential, and block the
light provided from the backlight assembly, forming a
Fringe Field Texture (FFT) where the normal luminance
does not appear in the domain.

[0009] Directions of pretilts of respective domains are
matched to polarization axes of polarizers attached to
substrates of a liquid crystal display panel. Since the
pretilts of the respective domains are substantially per-
pendicular to at least one polarization axis, the light which
has passed through liquid crystal molecules near the
DBTs or the edge of the pixel electrode is not perpendic-
ular to the polarization axes of the polarizers. As a result,
the luminance may be locally reduced in the DBTs or in
vicinity of the edges of the domains.

[0010] An aperture ratio of a unit pixel is calculated by
dividing an area of the unit pixel having the normal lumi-
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nance by the total area of the unit pixel. A light transmit-
tance of a unit pixel is calculated by dividing a luminance
atwhich light has penetrated the unit pixel by aluminance
of the backlight assembly before light penetrates the unit
pixel. Both the DBT and the FFT lead to a reduction in
the luminance of unit pixels, causing a decrease in the
aperture ratio and the light transmittance of the multi-
domain unit pixels.

[0011] In the photo-alignment process, an angle of a
pretilt, or a pretilt angle, is determined according to the
intensity of the irradiated light and/or the irradiation time.
If the pretilt angle is excessively large, the molecules far-
ther from the alignment film may be falsely arranged not
to agree with the potential applied to the pixel electrode.
As a result, unit pixels may show a luminance higher or
lower than the normal luminance, reducing a contrast
ratio of the liquid crystal display panel and causing a black
afterimage phenomenon in which a gray color appears
in the unit pixel when a signal representing a blackimage
is provided to a pixel electrode.

[0012] A liquid crystal display panel according to the
preamble of claim 1 is known from EP 0 549 283 A2 and
US 2010/0157220 A1. The latter also discloses optical
masks for manufacturing the liquid crystal display panel
in a photo-alignment process.

SUMMARY OF THE INVENTION

[0013] A liquid crystal display panel according to the
present invention is defined in claim 1.

[0014] An optical mask for manufacturing the liquid
crystal display panel according to the present invention
is defined in claim 3.

[0015] Preferred embodimentsofthe presentinvention
are defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other features of the present
invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to
the accompanying drawings, in which:

FIG. 1is a perspective view of a partial cross section
of a liquid crystal display panel;

FIG. 2is a plan view of a first substrate of a unit pixel
included in the liquid crystal display panel of FIG. 1;
FIG. 3 is a plan view of a pixel electrode in the unit
pixel of FIG. 2;

FIG. 4 is a luminance graph obtained by measuring
luminances of two unit pixels taken along line V-V’
of FIG. 3;

FIGS. 5A to 5D show exemplary images displayed
by a liquid crystal display panel when different pat-
tern images are provided to the liquid crystal display
panel to which a photo-alignment process was ap-
plied;

FIGS. 6A and 6B are partial cross sections of a unit
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pixel, which show pretilt angles and alignment vec-
tors in a domain boundary region and a normal-lu-
minance region, according to an exemplary embod-
iment of the present invention;

FIGS. 7A and 7B are, respectively, a plan view of a
unit pixel with multiple domains, which shows a
Fringe Field Texture (FFT) occurring at the edge of
a pixel electrode, and a cross sectional view of the
unit pixel showing a fringe field in the unit pixel and
an arrangement of liquid crystal molecules inthe FFT
taken along line VII(b)-VII(b) of FIG. 7A;

FIG. 8 is a diagram showing a substrate and optical
masks for a process of forming pretilt angles in unit
pixels of a liquid crystal display panel by irradiating
polarized ultraviolet (UV) lightto the substrate coated
with a photo-alignment material, according to an ex-
emplary embodiment of the present invention;
FIGS. 9A and 9B are, respectively, a plan view of a
unit masking pattern, which is arranged on an optical
mask, and on which a pattern is formed such that a
domain boundary region of a unit pixel may have a
pretilt angle different from that of a normal-luminance
region, according to an exemplary embodiment of
the presentinvention, and a graph showing energies
of lightirradiated to a photo-alignment substrate with
respect to regions of the unit masking pattern of FIG.
9A;

FIGS. 10A and 10B are, respectively, a plan view of
a unit masking pattern with a domain boundary re-
gion pattern divided into a plurality of irradiation pat-
terns, according to an exemplary embodiment of the
present invention, and a graph showing light ener-
gies with respect to regions of the unit masking pat-
tern of FIG. 10A;

FIGS. 11A to 11E are plan views of unit masking
patterns, which show a non-irradiation part pattern,
a normal-luminance region pattern, and a domain
boundary region pattern, each having various
shapes, according to exemplary embodiments of the
present invention;

FIG. 12 is a graph showing a relationship between
lighttransmittance of a unit pixel and a ratio of energy
of light irradiated to a normal-luminance region to
energy of light irradiated to a domain boundary re-
gion of a unit pixel;

FIGS. 13A and 13B are, respectively, a table show-
ing measurement criteria for black afterimage indi-
ces of a liquid crystal display panel manufactured by
a photo-alignment process, and a graph showing a
relationship between observed black afterimage val-
ues and energies of the light irradiated to a normal-
luminance region of a unit pixel;

FIG. 14 is a graph showing a relationship between
a width of a domain boundary region of a unit pixel
and light transmittance of the unit pixel when light
with different energies is irradiated to the domain
boundary region and normal-luminance region of the
unit pixel;
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FIGS. 15A and 15B are, respectively, a plan view of
a unit masking pattern to which a domain boundary
region pattern and second irradiation pattern having
different widths are applicable, according to an ex-
emplary embodiment of the present invention, and
a graph showing a relationship between an area or
width of the domain boundary region pattern and
second irradiation pattern of FIG. 15A and associat-
ed light transmittances of a unit pixel;

FIG. 16A is a plan view of a unit masking pattern to
which a fringe field region pattern is applied to in-
crease a pretilt angle at an edge of a unit pixel, ac-
cording to an exemplary embodiment of the present
invention;

FIGS. 16B to 16D are diagrams showing alignment
vectors of a unit pixel and a local change in light
transmittance of the unit pixel, caused by the align-
ment vectors, when the unit masking pattern of FIG.
16A is applied to first and second substrates of the
unit pixel;

FIG. 17A is a plan view of a first substrate of a unit
pixel in which a projection is formed at the edge of
a pixel electrode and an FFT is formed on the pro-
jection;

FIGS. 17B and 17C are, respectively, cross sectional
views of the unit pixel of FIG. 17A taken along lines
XVI(b)-XVII(b) and XVII(c)-XVII(c)’, which show ex-
amples in which the projection of the pixel electrode
overlaps an FFT, a data line, and a black matrix;
FIG. 18 is a partial plan view of a unit pixel, showing
a data line and a storage electrode of the unit pixel
bent in accord with an external shape of a pixel elec-
trode and a black matrix extended straight;

FIG. 19A is a plan view of a first substrate of a unit
pixel with multiple pixel electrodes having projec-
tions;

FIGS. 19B and 19C are, respectively, plan views of
a second substrate having a black matrix, and the
unit pixel made by assembling the first substrate and
the second substrate of FIGS. 19A and 19B.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0017] Exemplary embodiments of the present inven-
tion will now be described in detail with reference to the
accompanying drawings. The present invention may,
however, be embodied in many different forms and
should not be construed as being limited to the embod-
iments set forth herein.

[0018] Like reference numerals may refer to the same
elements, features and/or structures in the drawings and
the following description. To better understand exempla-
ry embodiments of the presentinvention, a brief descrip-
tion of a prior art liquid crystal display panel will be made
with reference to FIGS. 1 to 3. FIG. 1 is a perspective
view of a partial cross section of a liquid crystal display
panel, which shows a combination of a liquid crystal layer
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and substrates having polarizers and alignment films.
Referring to FIG. 1, a liquid crystal display panel 10 has
afirst substrate 100, a second substrate 200, and a liquid
crystal layer 300 interposed therebetween.

[0019] The first substrate 100 has a first polarizer 120,
a first base substrate (or underlying substrate) 110, and
afirstalignment film 130, which are stacked in sequence.
The first base substrate 110 is made of a transparent
material, and can pass the lightirradiated from a backlight
assembly (not shown). The first polarizer 120 receives
the light from the backlight assembly, which has various
polarization components, and passes only some polari-
zation components toward the liquid crystal layer 300.
AsshowninFIG. 1, thefirst polarizer 120 is manufactured
in the form of a thin film and attached to the outer surface
of the first base substrate 110, which faces the backlight
assembly. In the alternative, the first polarizer 120 may
be applied onto the inner surface of the first base sub-
strate 110, which faces the liquid crystal layer 300.
[0020] The firstalignmentfilm 130 is made of a polymer
material, and its surface is physically bonded with liquid
crystal molecules. This physical assembly is used to ad-
just a pretilt of the liquid crystal molecules. To be specific,
the pretilt means that the liquid crystal molecules near
the alignment film are tilted in a specific direction with
respect to the surface of the alignment film. A pretilt angle
may refer to an angle at which the pretilt is made with
respect to either the surface or perpendicular to the sur-
face of the alignment film. The pretilt and the pretilt angle
are constant regardless of the pixel voltage applied to
unit pixels of a liquid crystal display panel, and induce
other nearby liquid crystal molecules to be arranged in a
specific direction according to the pixel voltage. Although
the pretilt and the pretilt angle have been described as
characteristics of liquid crystal molecules near an align-
ment film, it will be understood by those of ordinary skill
in the art that since the pretilt and the pretilt angle are
determined based on the material and structure of the
alignment film, they become characteristics of an align-
ment film of a unit pixel.

[0021] A pretilt is determined according to properties
of liquid crystal molecules in a liquid crystal layer. For
example, if liquid crystal molecules are for a Vertical
Alignment (VA) mode liquid crystal display, the pretilt is
made in a specific direction that is perpendicular to a
direction in which an alignment film is extended. In the
alternative, if liquid crystal molecules are for a Plane to
Line Switching (PLS) mode liquid crystal display, the
pretiltis made in a specific direction parallel to the surface
of an alignmentfilm. In another alternative, ifliquid crystal
molecules are for a Twisted Nematic (TN) mode liquid
crystal display, the pretilt is made at a specific angle with
respect to the surface of an alignment film.

[0022] The pretilt may be made by a photo-alignment
process. The photo-alignment process includes applying
an alignment film material to a base substrate, and in-
ducing photopolymerization by obliquely irradiating light
such as specifically polarized ultraviolet (UV) rays to give
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the alignment layer a pretilt and a pretilt angle.

[0023] The second substrate 200 has a second polar-
izer 220, a second base substrate 210, and a second
alignment film 230, which are stacked in sequence. The
basic properties of key elements of the second substrate
200 are generally similar to those described in relation
to the first substrate 100. However, they may be different
in the following aspects, but exemplary embodiments of
the present invention are not limited thereto.

[0024] The first substrate 100 may have several pat-
terns made of a conductive material, such as gate lines,
data lines and pixel electrodes. On the other hand, the
second substrate 200 may have a common electrode
and a plurality of color filters. In particular, each of the
color filters represents each of the basic colors, and con-
stitutes a unit pixel by being combined with a pixel elec-
trode on the first substrate 100. The basic colors may be
the three primary colors of red, green and blue, or cyan,
yellow and magenta. A unit pixel is a basic unit capable
of representing various gray scales of a unit color, and
for this operation, the color filter may be located together
with the pixel electrode on the first base substrate 110
rather than the second base substrate 210.

[0025] A common electrode (not shown) may be dis-
posed on the second substrate 200 of the liquid crystal
display panel 10, which in this example is VA mode. The
common electrode forms a pixel potential together with
a pixel electrode (not shown) on the first substrate 100,
allowing a unit pixel to represent various gray scales.
While differences between the second substrate 200 and
the first substrate 100 have been described so far, it will
be understood by those of ordinary skill in the art that
various other differences may exist due to a change of
the liquid crystal’s mode to the PLS mode and a change
of the liquid crystal display panel 10 to a reflection type
rather than the transmission type.

[0026] A direction of a polarization axis of the second
polarizer 220 on the second substrate 200 is determined
based on the polarization axis of the first polarizer 120
and the mode of the liquid crystal molecules. For exam-
ple, in the case where liquid crystal molecules have the
VA mode, since normally black is used to increase a con-
trast ratio, polarization axes of the first and second po-
larizers 120 and 220 are perpendicular to each other.
The term ’normally black’ refers to the situation where
when no potential is applied to the liquid crystal display
panel 10, the light from the backlight assembly is com-
pletely blocked by the liquid crystal display panel 10.
[0027] The polarizers 120 and 220 are attached to the
base substrates 110 and 210 such that their polarization
axes are substantially parallel with the sides of the sub-
strates 100 and 200. The light radiated from the backlight
assembly passes through the first polarizer 120 in a lin-
early polarized way. While passing through liquid crystal
molecules, the linearly polarized light is either converted
into circularly polarized light or elliptically polarized light,
or remains to be linearly polarized light according to the
arrangement of the liquid crystal molecules. Forexample,
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if liquid crystal molecules are arranged perpendicular to
the substrates 100 and 200, the linearly polarized light,
which has passed through the first polarizer 120, cannot
pass through the second polarizer 220 which has a po-
larization axis perpendicular to the first polarizer 120.
[0028] On the other hand, if liquid crystal molecules
are arranged to be tilted to the substrates 100 and 200,
polarization components are converted into either circu-
larly polarized components or elliptically polarized com-
ponents because of the optical anisotropy of the liquid
crystal molecules. Therefore, the linearly polarized light,
which has passed through the polarization axis of the
first polarizer 120, can pass along the polarization axis
of the second polarizer 220. However, the amount of the
passing light is different according to the arrangement of
liquid crystal molecules. In particular, if liquid crystal mol-
ecules are arranged to cross the polarization axis of the
first polarizer 120 at an angle of 45°, the light is linearly
polarized while passing through the polarization axis of
the first polarizer 120, circularly polarized while passing
through the liquid crystal molecules, and linearly polar-
ized again while passing through the polarization axis of
the second polarizer 220, thus ensuring the highest trans-
mittance efficiency of the light from the backlight assem-
bly. However, as the angle between the liquid crystal mol-
ecules and the polarization axis gets farther from 45°,
the transmittance efficiency of the light gets lower.
[0029] The first and second substrates 100 and 200
have first and second pretilt angles, respectively. Based
on the pretilt angles, directions and slopes of liquid crystal
molecules adjacent to the first and second alignment
films 130 and 230 are determined. Since liquid crystal
molecules located in the middle of the liquid crystal layer
300 are affected by the slope and direction of liquid crystal
molecules adjacent to the alignment films 130 and 230,
the arrangement of liquid crystal molecules may be de-
termined by the combination of the first and second pretilt
angles.

[0030] The pretiltangles canberepresented as vectors
having a direction and a magnitude. Therefore, control-
ling the arrangement of liquid crystal molecules with the
combination of the first and second pretilt angles is rep-
resented as a vector sum of the pretilt angles. Since a
light transmittance efficiency of a liquid crystal display
panel is highest when liquid crystal molecules cross the
polarization axes of the polarizers at an angle of 45°, a
vector sum of the pretilt angles is determined such that
the liquid crystal molecules cross the polarization axes
at an angle of substantially 45°.

[0031] A unit pixel representing one basic color has a
plurality of domains, each of which has a different vector
sum of pretilt angles. Therefore, liquid crystal molecules
of a unit pixel may be arranged in different directions,
facilitating uniform radiation of light in different directions
of the liquid crystal display panel 10.

[0032] FIG. 2is a plan view of a first substrate of a unit
pixel, which shows one of the unit pixels included in the
liquid crystal display panel 10 of FIG. 1 having a plurality
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of domains. Referring to FIG. 2, a unit pixel 400 has a
gate line 410, a data line 420, a thin film transistor 430
and a storage electrode 440 on a first base substrate,
and is set such that a specific pixel voltage is applied to
a pixel electrode 500. A voltage on the pixel electrode
500 forms a pixel potential together with a common elec-
trode (not shown) on the second substrate 200, and liquid
crystal molecules of the unit pixel 400 vary in arrange-
ment according to the pixel potential.

[0033] The unit pixel 400 in FIG. 2 has four domains,
which have first to fourth domain alignment vectors 612,
622,632 and 642, respectively. Each of the domain align-
ment vectors 612, 622, 632 and 642 is a sum of an align-
ment vector of the first substrate 100, which has third and
fourth alignment vectors 132 and 134 facing negative
and positive directions on the y-axis, and an alignment
vector of the second substrate 200, which has first and
second alignment vectors 232 and 234 facing negative
and positive directions on the x-axis. Since the domain
alignment vectors 612, 622, 632 and 642 are different
from one another in this way, liquid crystal molecules in
the unit pixel 400 face in different directions.

[0034] The unit pixel 400 has a specific aperture ratio.
The aperture ratio is a ratio of an area of the unit pixel
400 where light from a backlight assembly passes to the
total area of the unit pixel 400. In FIG. 2, an aperture ratio
may be calculated by excluding areas of the wires 410,
420, 430 and 440 made of an opaque material from the
total area of the unit pixel 400. However, if a potential is
applied to the unit pixel 400, the area where light passes
decreases due to the arrangement of liquid crystal mol-
ecules, reducing the aperture ratio of the unit pixel 400.
[0035] FIG. 3is a plan view of a pixel electrode, which
shows textures where luminance decreases due to the
arrangement of liquid crystal molecules, in the unit pixel
400 of FIG. 2. Referring to FIG. 3, a pixel electrode 500
has a normal-luminance region 510 where a desired nor-
mal luminance appears, and an abnormal-luminance re-
gion 520 where luminance is lower than the desired lu-
minance. Liquid crystal molecules in the normal-lumi-
nance region 510 are arranged to cross the polarization
axes of the polarizers 120 and 220 formed on the first
and second substrates 100 and 200 at an angle of sub-
stantially 45°. On the other hand, liquid crystal molecules
in the abnormal-luminance region 520 are arranged not
to cross the polarization axes of the polarizers 120 and
220 at an angle of 45°. As a result, in the abnormal-lu-
minance region 520, a part of the light does not pass
along the polarization axes of the polarizers 120 and 220,
reducing the luminance. The abnormal-luminance region
520 is visually identified in a unit pixel, and called a tex-
ture.

[0036] The abnormal-luminance region 520 is classi-
fied into two types: Domain Boundary Texture (DBT) and
Fringe Field Texture (FFT), according to the cause.
[0037] First, the abnormal-luminance region 520 is a
DBT(s) 522 occurring in the boundary region between
adjacentdomains. The DBT 522 is a phenomenon where
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theluminanceis decreased since liquid crystal molecules
are not arranged to cross the polarizing axes at an angle
of 45° since the domain alignment vectors are different
between neighboring domains. In addition, the DBT 522
is a name of the luminance-decreased area.

[0038] Forexample,inFIG. 3, an alignment vector 612
of a normal-luminance region 614 in a first domain 610
crosses first and second polarization axes 122 and 222
of a liquid crystal display panel, which are shown outside
the pixel electrode 500, at an angle of substantially 45°.
Likewise, an alignment vector 622 of a normal-luminance
region 624 in a neighboring second domain 620 crosses
the first and second polarization axes 122 and 222 at an
angle of substantially 45°. However, since liquid crystal
molecules in the boundary region between the two do-
mains 610 and 620 have an intermediate alignment with
respect to the alignment vectors 612 and 622 of the first
and second domains 610 and 620, they are nearly par-
allel with the polarization axes 122 and 222. Therefore,
the luminance decreases, causing the occurrence of a
texture.

[0039] The aforementioned DBT 522 is a domain ver-
tical-boundary texture 523 occurring in a vertical direction
of the pixel electrode 500. For similar reasons, the DBT
522 may also occur in a horizontal direction, and this is
a domain horizontal-boundary texture 524 shown in FIG.
3. The DBTs 523 and 524 are luminance decreasing phe-
nomena that take place between domains having differ-
ent alignment vectors. A reduction in the size of their
areas can increase an aperture ratio of the unit pixel 400.
[0040] Although in the foregoing description, the do-
mains 610, 620, 630 and 640 are distinguished by having
different alignment vectors 612, 622, 632 and 642, it may
also be understood that the domains 610, 620, 630 and
640 are distinguished by the DBTs 522. In other words,
since all neighboring domains have different alignment
vectors 612, 622, 632 and 642, and the DBTs 522 also
occur between the neighboring domains, the domains
can be described as both regions having different align-
ment vectors and regions distinguished by DBTs. Ac-
cordingly, a specific domain shown in FIG. 3 has a do-
main vertical-boundary texture 523, a domain horizontal-
boundary texture 524, and a normal-luminance region
510 between the textures 523 and 524.

[0041] Second, the abnormal-luminance region 520 is
an FFT(s) 526 occurring at the edge of the pixel electrode
500. A common electrode on the second substrate 200
is formed on the entire surface of the second substrate
200. On the other hand, pixel electrodes 500 on the first
substrate 100 are formed on individual unit pixels 400 to
be separated from neighboring pixel electrodes. As a re-
sult, a fringe field is formed at the edge of the pixel elec-
trode 500 of the unit pixel 400, and the fringe field has
liquid crystal molecules uniformly tilted towards the inside
of the pixel electrode 500 regardless of the pixel potential.
Therefore, luminance at the part where the fringe field is
formed is lower than luminance at the inside of the pixel
electrode 500, resulting in the occurrence of the FFT 526.
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[0042] A decrease in area of the DBT 522 and the FFT
526 can improve an aperture ratio and a light transmit-
tance efficiency of a unit pixel. To be specific, the areas
of the textures 522 and 526 may be reduced by adjusting
pretilt angles of alignment films and/or changing shapes
of wires and/or pixel electrodes.

[0043] Hereinafter, a detailed description of exemplary
embodiments of the present invention will be made with
reference to FIGS. 4 to 19C. FIG. 4 is a luminance graph
obtained by measuring luminances of two unit pixels hav-
ing different pretilt angles along line IV-IV’ of FIG. 3. Re-
ferring to FIG. 4, it is noted that a DBT of a unit pixel
having a larger pretilt angle is smaller in area.

[0044] To be specific, the horizontal axis of FIG. 4 rep-
resents a distance in millimeters (mm), which goes away
from the origin along the line IV-IV’, and its origin is the
left FFT IV of the pixel electrode 500in FIG. 3. The vertical
axis represents luminance in cd/m2. Since the DBT 522
can be easier to distinguish from a higher luminance in
the normal-luminance region 510, data of the graph in
FIG. 4 represents luminances measured by applying a
gray scale value causing the unit pixels to emit light a
maximum luminance. The luminances were measured
using a ProMetric Imaging Photometer and Colorimeter
(Model No: PM1433F-1) manufactured by Radiant Im-
aging, Inc. at intervals of 0.48um. It should be noted that
the unit pixels in FIG. 4 have a normally black mode and
a VA mode, which are used as experimental conditions
throughout the detailed description of the present inven-
tion.

[0045] The graph of FIG. 4 has two curves, 'a’ and 'b’.
The curve 'a’ represents luminance data of a unit pixel
in FIG. 3, of which the first and second alignment films
130 and 230 have a pretilt angle of 1°, and the curve 'b’
represents luminance data of a unit pixel whose two align-
ment films 130 and 230 have a pretilt angle of 3°.
[0046] The curve 'a’ is divided into sections i’ to 'iii’
according to the change in luminance. The section 'i’ is
a section from the origin to a point where a DBT starts
to appear, is a region where light passes in a unit pixel,
and corresponds to a normal-luminance region. The sec-
tion’ii’ is a section where light does not pass in the unit
pixel, and corresponds to a DBT. Like the section 'i’, the
section iii’ is a region where light normally passes, and
corresponds to a normal-luminance region.

[0047] The curve 'b’ also shows the same pattern as
that of the curve ’a’, but is different from the curve 'a’ in
width of the sections. In particular, the section i’ DBT(a)
of the curve ’a’ is wider than the section i’ DBT(b) of the
curve 'b’. To be specific, a width of the section 'ii’ is a
width of a wedge-shaped luminance curve at the lumi-
nance having a value determined by subtracting a half
of a difference between the maximum luminance and the
minimum luminance of neighboring domains from the
maximum luminance. For example, the maximum lumi-
nance of the curve 'a’ in FIG. 4 is 852.6 cd/cm?2 at
0.091mm on the horizontal axis, and the minimum lumi-
nance thereof is 456.9 cd/cm? at 0.067mm on the hori-
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zontal axis. Since a half of the value determined by sub-
tracting the minimum luminance from the maximum lu-
minance is 197.8 cd/cm?, the width of the section i’ is a
distance of the horizontal axis at the luminance of 654.7
cd/cm?2 obtained by adding 197.8 cd/cm2t0 456.9 cd/cm?2.
The width of the section ’ii’ of the curve 'a’, measured in
this way, is represented by DBT(a), and is about 0.011
mm. On the other hand, the width of the section 'ii’ of the
curve 'b’ is represented by DBT(b), and is about 0.009
mm at 712.0 cd/m2, which is narrower than the width of
the curve 'a’.

[0048] As described above, the curve ’a’ is for a unit
pixel having a pretilt angle of 1°, while the curve 'b’ is for
a unit pixel having a pretilt angle of 3°. It can be seen that
since the curve ’b’ has a relatively narrow DBT, an align-
ment film of a unit pixel, having a larger pretilt angle, has
a smaller DBT area and can improve an aperture ratio.
However, the large pretilt angle may deteriorate the dis-
play quality of the unit pixels and a liquid crystal display
panel.

[0049] FIGS. 5A to 5D show exemplary images dis-
played by a liquid crystal display panel when different
pattern images are provided to the liquid crystal display
panel to which a photo-alignment process was applied.
It can be seen from FIGS. 5A to 5D that in a liquid crystal
display panel having a large pretilt angle, black images
were not accurately displayed. To find out whether a lig-
uid crystal display panel normally displays all gray scales,
the below-described pattern signals, in which specific lu-
minance values are given in specific forms, are provided
to the liquid crystal display panel. By changing a gray
scale value provided to a liquid crystal display panel after
providing a pattern signal for a specific time, it is possible
to determine whether the liquid crystal display panel nor-
mally operates.

[0050] FIG.5A shows ano-patternimage 910, in which
the maximum luminance is given on a liquid crystal dis-
play panel after a high-gray scale value was applied to
the liquid crystal display panel without a test pattern im-
age being applied. FIG. 5B shows a test pattern image
applied to the liquid crystal display panel. The test pattern
image is applied in light of the spatial distinction on the
liquid crystal display panel to which maximum and min-
imum gray scales are given simultaneously, and a black
image 920 and a white image 930 appear side by side.
After being maintained for a predetermined time, e.g., 30
hours, the test pattern is changed to another test pattern.
FIG. 5C is a normal black image 940 after a minimum
gray scale value is given to the entire liquid crystal display
panel, after being changed from the gray scale value of
FIG. 5B.

[0051] However, in some cases, normal luminance
may not appear on the liquid crystal display panel be-
cause of the improper arrangement of liquid crystal mol-
ecules of the liquid crystal display panel. FIG. 5D is an
abnormal image after a minimum gray scale value, which
is changed from the gray scale value of FIG. 5B, is given
to the entire liquid crystal display panel. In FIG. 5D, , a
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black afterimage phenomenon occurs to black afterim-
age image 950, which corresponds to the part where a
maximum gray scale value was applied previously in FIG.
5B, even though the minimum gray scale value is applied
thereto.

[0052] The liquid crystal display panel used to repre-
sent the images of FIGS. 5A to 5D had liquid crystal mol-
ecules of the normally black VA mode. It was determined
that the black afterimage image 950 was caused by a
phenomenon that happened because the liquid crystal
molecules were tilted instead of being vertically arranged
on the substrates of the liquid crystal display panel. It
was also determined that, because the liquid crystal mol-
ecules were tilted, and because the alignment of liquid
crystal molecules near alignment films affects an ar-
rangement of liquid crystal molecules in the middle of a
liquid crystal layer, the black afterimage phenomenon
might happen in a liquid crystal display panel of a large
pretilt angle.

[0053] As can be understood from the description of
FIGS. 4 and 5A to 5D, to reduce the DBTs 522 in the unit
pixel 400, alignment films may have a large pretilt angle.
However, to reduce the black afterimage phenomenon
by adjusting alignment of liquid crystal molecules in the
normal-luminance region 510, it may be helpful for align-
ment films to have a small pretilt angle. In accordance
with an exemplary embodiment of the present invention,
there is provided a liquid crystal display panel that has a
boundary region between the domains of the unit pixel
400 having a pretilt angle larger than that of the normal-
luminance region and that reduces a black afterimage
phenomenon. To be specific, a pretilt angle of the domain
boundary region is greater than about 1.8°, and a pretilt
angle of the normal-luminance region is less than the
pretilt angle of the domain boundary region by about0.2°
or more.

[0054] Now, pretiltangles in a domain boundary region
and a normal-luminance region will be described with
reference to FIGS. 6A and 6B. FIG. 6A is a partial vertical
cross section of a first domain, a second domain, and a
domain boundary region between the first and second
domains, which shows alignments of liquid crystal mol-
ecules in the domain boundary region and a normal-lu-
minance region of a unit pixel according to an exemplary
embodiment of the present invention. It should be noted
that the domains in FIG. 6A are similar to those in the
FIG. 3, except for the pretilt angles. For example, in FIG.
3 the pretilt angle of the domain boundary region is the
same as the pretilt angle of the normal-luminance region,
but in FIG. 6A according to an exemplary embodiment
of the present invention, the pretilt angle of the domain
boundary region is different from the pretilt angle of the
normal-luminance region.

[0055] A pixel potential of a mid-gray scale value was
applied to the unit pixel of FIG. 6A. Thus, while liquid
crystal molecules ULC and LLC near substrates 100 and
200 are aligned substantially perpendicular to the sub-
strates 100 and 200, liquid crystal molecules MLC locat-
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ed in the middle of a liquid crystal layer are arranged to
be more tilted with respect to a line perpendicular to the
substrates 100 and 200 than the liquid crystal molecules
ULC and LLC near the substrates 100 and 200.

[0056] Referring to FIG. 6A, a second alignment film
230 has a third alignmentvector 232 in both a first domain
610 and a second domain 620. On the other hand, a first
alignment film 130 has a first alignment vector 132 and
a second alignment vector 134. The third alignment vec-
tor 232 heads from the right to the left, and causes the
liquid crystal molecules ULC near the second alignment
film 230 to be tilted to the right.

[0057] The first alignment vector 132 has a direction
of coming from the paper and causes the liquid crystal
molecules LLC near the first alignment film 130 to be
tilted in a direction of entering into the paper. On the other
hand, the second alignment vector 134 has a direction
opposite to that of the first alignment vector 132, and
causes the liquid crystal molecules LLC near the first
alignment film 130 to be tilted in a direction of coming out
from the paper. In FIG. 6A, to distinguish between the
first and second alignment vectors 132 and 134, a length
of the liquid crystal molecules having the first alignment
vector 132 is shown shorter than a length of the liquid
crystal molecules having the second alignment vector
134.

[0058] A domain alignment vector 612 of the first do-
main 610 is a sum of the third and second alignment
vectors 232 and 134, and liquid crystal molecules in the
first domain 610 are tilted to the left and come out from
the paper. A domain alignment vector 622 of the second
domain 620 is a sum of the third and first alignment vec-
tors 232 and 132, and liquid crystal molecules in the sec-
ond domain 620 are tilted to the left and enter into the
paper.

[0059] The two alignment films 130 and 230 of a unit
pixel according to an exemplary embodiment of the
present invention have different pretilt angles in normal-
luminance regions 614 and 624 (called "first regions" in
the claims) and domain boundary regions 616 and 626.
Herein, for the pretilt angle, a direction perpendicular to
the substrates 100 and 200 is defined as 0°, and an angle
by which liquid crystal molecules are tilted with respect
to the vertical direction is represented as the pretilt angle.
[0060] Referringto FIG. 6A, the pretilt angle of the first
domain boundary region 616 of the first alignment film
130 is greater than the pretilt angle of the first normal-
luminance region 614. The pretilt angles of the second
alignment film 230 are the same in each of the domain
boundary region 616 and the normal-luminance region
614. Therefore, an alignment vector of the domain
boundary region 616 is greater than an alignment vector
of the normal-luminance region 614. Like in the first do-
main 610, a pretilt angle of a second domain boundary
region 626 in the second domain 620 is greater than a
pretilt angle of a second normal-luminance region 624,
and a pretilt angle of the second alignment film 230 is
constant in the two regions 624 and 626. Therefore, an
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alignment vector of the domain boundary region 626 is
greater than an alignment vector of the normal-luminance
region 624.

[0061] If the alignment vectors of the domain boundary
regions 616 and 626 are greater than the alignment vec-
tors of the normal-luminance regions 614 and 624 as
described above, more liquid crystal molecules may
cross polarization axes of polarizers in the domain
boundary regions 616 and 626. As a result, since an in-
creasing amount of the light, which passed through a
liquid crystal layer, may pass through a second polarizer
220, the width and area of DBTs may be reduced, and
the aperture ratio of a unit pixel may increase. Although
the pretilt angles and alignment vectors in the vertical
boundary region between the first domain 610 and the
second domain 620 have been described so far, it will
be understood by those of ordinary skill in the art that in
the horizontal boundary regions between the first and
fourth domains 610 and 640, the aperture ratio and light
transmittance efficiency of a unit pixel may be increased
by having the pretilt angles and alignment vectors greater
than those of adjacent normal-luminance regions.
[0062] FIG. 6B is a plan view showing an arrangement
of liquid crystal molecules located in the middle of the
liquid crystal layer of FIG. 6A, taken along line VI(b)-VI(b)’
of FIG. 6A in parallel with the first and second substrates
100 and 200. In other words, FIG. 6B is a plan view show-
ing an arrangement of liquid crystal molecules located in
the domain boundary regions 616 and 626 and the nor-
mal-luminance regions 614 and 624. In FIG. 6B, rods
represent individual liquid crystal molecules, and the
more parallel to the first and second substrates 100 and
200 the liquid crystal molecules are arranged, the longer
their associated rods are represented. Referring to FIG.
6B, since the pretilt angles of the domain boundary re-
gions 616 and 626 are greater than the pretilt angles of
the normal-luminance regions 614 and 624, the arrange-
ment of the liquid crystal molecules in the domain bound-
ary regions 616 and 626 becomes more similar to the
arrangement of the liquid crystal molecules in the normal-
luminance regions 614 and 624, reducing the area and
width of DBTSs.

[0063] Because the pretilt angles of the first and sec-
ond alignment films 130 and 230 in the normal-luminance
regions 614 and 624 are orthogonal to each other but
the samein size, the alignmentvectors 612 and 622 cross
polarization axes 122 and 222 atan angle of substantially
45°, and cause the light, an amount of which corresponds
to a pixel potential provided to the unit pixel, to pass
through the unit pixel. However, in the boundary regions
where the first and second domains 610 and 620 come
in contact with each other, the third, first and second
alignmentvectors 232, 132 and 134 coexist and the liquid
crystal molecules are arranged substantially parallel to
the first polarization axis 122 rather than crossing the first
polarization axis 122, blocking the light from the backlight
assembly and causing DBTs. However, if liquid crystal
molecules in the boundary regions 616 and 626 are ar-
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ranged similar to the alignment vectors of the normal-
luminance regions 614 and 624, the area of DBTs may
be reduced.

[0064] Therefore, as described in relation to FIG. 6A,
the pretilt angles of the domain boundary regions 616
and 626 are set to be greater than the pretilt angles of
the normal-luminance regions 614 and 624. Then, as
shown in FIG. 6B, liquid crystal molecules IALC posi-
tioned at the edges of the domain boundary regions 616
and 626 are arranged similar to liquid crystal molecules
in the normal-luminance regions 614 and 624, improving
luminance of the domain boundary regions 616 and 626.
[0065] In other words, the domain boundary regions
616 and 626 have textures 617 and 627 and luminance-
improved regions 619 and 629. In other words, the do-
main boundary region 616 in the first domain 610 is great-
er than the normal-luminance region 614 in terms of the
pretilt angle. Therefore, liquid crystal molecules at the
edge of the domain boundary region 616 are arranged
similar to the alignment vector of the normal-luminance
region 614, forming the luminance-improved region 619
where the luminance is improved since the light from the
backlight assembly can pass through the second polar-
izer 220. However, liquid crystal molecules in the other
part of the domain boundary region 616 are arranged
substantially parallel to the polarization axes 122 and
222, forming the texture regions 617 and 627 where the
light from the backlight assembly cannot pass through
the second polarizer 220.

[0066] Therefore, widths of the domain boundary re-
gions 616 and 626 having a large pretilt angle are broader
than the measured widths of the DBTs 617 and 627. Re-
ferring to FIG. 6B, a sum of the widths of the domain
boundary regions 616 and 626 in the first and second
domains 610 and 620 is greater than a width of the DBT
measured between the first and second domains 610
and 620. Herein, the measured width of the DBT between
the domains is a sum of widths of the DBTs 617 and 627
in the respective domains 610 and 620, and as described
in connection with FIG. 4, the measured width is a width
corresponding to the medium luminance between the
maximum luminance and the minimum luminance, which
is measured in a unit pixel when a gray scale voltage for
the maximum luminance is applied to the unit pixel.
[0067] A structure of a unit pixel similar to that of FIG.
3 will now be described referring to the alignment of liquid
crystal molecules in the domain boundary regions 616
and 626 and normal-luminance regions 614 and 624 of
FIGS. 6A and 6B, and the principle of light transmission.
A unit pixel is divided into domains by DBTs, and each
domain has a plurality of alignment vectors. For example,
the first domain 610 has an alignment vector 612 of the
normal-luminance region 614 and an alignment vector
612’ of the domain vertical-boundary region 523. The
alignment vector 612 of the normal-luminance region
614, which corresponds to the major region of a specific
domain, is the major alignment vector of the first domain
610. The alignment vector 612’ of the domain vertical-
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boundary region 523, which corresponds to the minor
region of a specific domain, is an additional alignment
vector of the first domain 610. The first domain 610 may
further have an alignment vector of the domain horizon-
tal-boundary region 524 as another additional alignment
vector.

[0068] The additional alignment vectors of the vertical
and horizontal boundary regions 523 and 524 are differ-
ent from the major alignment vector 612 of the normal-
luminance region 614. To be specific, the pretilt angles
of the first substrate 100 or the second substrate 200 by
virtue of the additional alignment vectors of the boundary
regions 523 and 524 are greater than the pretilt angles
of the substrates 100 and 200 in the normal-luminance
region 614, contributing to a decrease in the width of
DBTsand anincrease in the light transmittance efficiency
and aperture ratio of the unit pixel.

[0069] The large pretilt angle can reduce the area of
DBTSs, but the increase in the pretilt angle of the normal-
luminance region may cause degradation in the display
quality such as a black afterimage phenomenon in the
low gray scale. In addition, theincrease in the pretiltangle
of the normal-luminance region may increase the width
of fringe field regions. Therefore, the pretilt angles of the
normal-luminance regions and the pretilt angles of the
domain boundary regions may be properly adjusted.
[0070] FIG. 7Aisaplan view of a unit pixel with multiple
domains, on which an FFT occurs at the edge of a pixel
electrode. FIG. 7B is a cross sectional view of the unit
pixel showing a fringe field in the unit pixel and an ar-
rangement of liquid crystal molecules in the FFT, taken
along line VII(b)-VIi(b) of FIG. 7A.

[0071] Referring to FIG. 7A, in a second domain 620
of a unit pixel 400, there exist fringe field liquid crystal
molecules FFLC, which are arranged, by the fringe field,
in a direction opposite to liquid crystal molecules NLLC
in a normal-luminance region 624. In the second domain
620, there further exist FFT liquid crystal molecules
FFTX, which are placed between the liquid crystal mol-
ecules NLLC of the normal-luminance region 624 and
the liquid crystal molecules FFLC and are parallel or per-
pendicular to polarization axes 122 and 222. The FFT
liquid crystal molecules FFTX block light and reduce the
luminance in the unit pixel.

[0072] FIG. 7B is a cross section of the unit pixel 400,
for describing an occurrence of the FFT 526 in FIG. 7A.
Referring to FIG. 7B, a second substrate 200 has a sec-
ond alignment film 230 and a common electrode 240,
which is arranged all over the second substrate 200 and
provided with a constant voltage from the outside of a
liquid crystal display panel. A first substrate 100 has a
first alignment film 130 and a pixel electrode 500, which
is formed on every unit pixel and has an edge region 530
thereon. The edge region 530 is the last part of the pixel
electrode 500 affected by a voltage on the pixel electrode
500, and forms a fringe field 450 together with the com-
mon electrode 240. Liquid crystal molecules FFLC com-
ing under influence of the fringe field 450 are tilted to
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substantially perpendicularly cross the fringe field 450.
In other words, the fringe field liquid crystal molecules
FFLC are titled in a direction opposite to the direction in
which the liquid crystal molecules NLLC in a normal-lu-
minance region 510 of the pixel electrode 500 are tilted.
[0073] Therefore, the liquid crystal molecules FFTX at
the part where the liquid crystal molecules FFLC caught
by the fringe field 450 and the liquid crystal molecules
NLLC in the normal-luminance region 510 meet, are ar-
ranged perpendicular to the substrates 100 and 200 as
shown in FIG. 7B, and form an FFT 526 where the lumi-
nance decreases. Since the fringe field liquid crystal mol-
ecules FFLC are tilted diagonally with respect to the sub-
strates 100 and 200, the light from the backlight assembly
may pass through them, causing a bright portion to ap-
pear outside the FFT 526 in FIG. 7A.

[0074] To reduce the area of the FFT 526, a pretilt an-
gle of the edge region 530 of the pixel electrode 500 may
be increased. In other words, if the pretilt angle in the
vicinity of the edge region 530 is small, the area of the
FFT 526 may increase. For example, if the pretilt angle
of the alignment film 130 or 230 in the edge region 530
is large, liquid crystal molecules located in the FFT 526
are tilted more and the amount of light passing through
the edge region 530 of the pixel electrode 500 may in-
crease, causing a possible reduction in the area of the
FFT 526. On the other hand, if the pretilt angle of the
alignment film 130 of 230 in the edge region 530 of the
pixel electrode 500 is small, liquid crystal molecules lo-
cated in the FFT 526 are perpendicular to the substrates
100 and 200, and the amount of light passing through
the edge region 530 of the pixel electrode 500 decreases,
causing an increase in the area of the FFT 526.

[0075] As is apparent from the foregoing description,
providing the domain boundary regions and the fringe
field regions with larger pretilt angles, and the normal-
luminance regions with smaller pretilt angles can improve
the characteristics of a unit pixel. In accordance with ex-
emplary embodiments of the presentinvention, a process
capable of applying different pretilt angles to different re-
gions in a unit pixel, and an optical mask for the process,
will now be described.

[0076] FIG. 8 is a diagram showing a substrate and
optical masks for a process of forming pretilt angles in
unit pixels of a liquid crystal display panel by irradiating
polarized UV light to the substrate coated with a photo-
alignment material, according to an exemplary embodi-
ment of the present invention. Referring to FIG. 8, a plu-
rality of optical masks 800 are arranged outside one side
of a photo-alignment substrate 20 where pretilt angles
are to be formed. On the photo-alignment substrate 20,
a photo-alignment material layer (not shown) is prepared
by a process such as spraying, inkjetting and printing, on
which a pretilt is to be made by reacting to polarized UV
light. The photo-alignment substrate 20 may be one of
the above-described first and second substrates 100 and
200.

[0077] The optical masks 800 have a plurality of unit
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masking patterns (not shown) with a plurality of same
shapes for forming pretilts in a plurality of unit pixels. The
optical masks 800 are arranged outside the photo-align-
ment substrate 20, forming a plurality of lines, and cause
polarized UV light to be irradiated to the photo-alignment
substrate 20, while moving over the photo-alignment sub-
strate 20. For example, the optical masks 800 in FIG. 8
are arranged in two alternating lines.

[0078] The optical masks 800 each have a micro over-
lapping region MOL with a pattern formed at their edges
so that polarized UV light may pass through the edges.
When a specific optical mask moves over the photo-
alignment substrate 20, its micro overlapping region MOL
overlaps a micro overlapping region of another adjacent
optical mask arranged in another line along the direction
in which the optical mask moves. Hence, polarized UV
light may be irradiated to the entire surface of the photo-
alignment substrate 20.

[0079] However, if the micro overlapping region MOL
is wide, a stitch phenomenon may be observed on the
liquid crystal display panel. The stitch phenomenon re-
fers to a phenomenon in which stains are locally viewed
ontheliquid crystal display panel, and the stitch is caused
by excessive light energy focused on a specific region in
the photo-alignment process. Therefore, a width of the
micro overlapping region MOL is set much narrower than
a pitch of a unit pixel, i.e., a length or width of one side
of the unit pixel. For example, the width of the micro over-
lapping region MOL is set narrower than 10um. Since a
width of a common unit pixel is 150pm to 450pm, the
overlapping of 10pum affects the stitch of the unit pixel
slightly. In the alternative, the micro overlapping region
MOL may correspond to the position of wires of a unit
pixel. In addition, the 'cosine’ shape of the micro over-
lapping region MOL in the enlarged part of FIG. 8 can
reduce the width of the actual overlapping region, con-
tributing to a further reduction in the stitch effect.
[0080] The process of forming pretilts in the photo-
alignment substrate 20 can be divided into three steps.
Afirststep is tomove optical masks 802 arranged outside
one side of the photo-alignment substrate 20 to the out-
side of the opposite side of the photo-alignment substrate
20 along a forward direction FW. In this step, polarized
UV lightis obliquely irradiated to the first half area of each
unit pixel at a specific angle with respect to the optical
masks 802.

[0081] Asecond step isto move the optical masks 804,
which have completely passed over the photo-alignment
substrate 20, in a downward direction by a half of a pitch
p of the unit pixel, and then move them along a reverse
direction RW. In this process, polarized UV light is irra-
diated to the photo-alignment substrate 20 in a direction
opposite to that in the first step, and the second half area
of each unit pixel is also prepared for pretilt forming. A
third step is to apply heat to a photo-alignment material
layer to which polarized UV lightis irradiated. In this proc-
ess, a solvent, which was mixed with a photo-alignment
material to stably coat the substrate 20 with the photo-
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alignment material, is vaporized and the photo-alignment
material has pretilts.

[0082] In the alternative, a process of forming pretilts
in the photo-alignment substrate 20 may include a proc-
ess of fixing positions of the optical masks 800 and mov-
ing the photo-alignment substrate 20 with respect to the
optical masks 800 on a relative basis. In yet another al-
ternative, a process of forming pretilts in the photo-align-
ment substrate 20 may include a process of arranging
two sets of optical masks 800 at two facing outsides of
the photo-alignment substrate 20, and moving each set
of the optical masks 800 in the forward direction FW and
the reverse direction RW.

[0083] The current embodiment of the present inven-
tionis provided to form different pretilt angles for a domain
boundary region and a normal-luminance region in one
domain. Through the aforementioned pretilt forming
process, a pretilt of a domain boundary region and a
pretilt of a normal-luminance region are formed on a half
area of each unit pixel in one direction, and a different
pretilt of the domain boundary region and a different pretilt
of the normal-luminance region are formed on the other
half area in the opposite direction. The pretilt forming
process according to exemplary embodiments of the
present invention forms the pretilts of the domain bound-
ary regions and the normal-luminance regions not se-
quentially but simultaneously, contributing to simplifica-
tion of the process and reduction of the process’s time.
[0084] Since a liquid crystal display panel is manufac-
tured by assembling two substrates, a liquid crystal dis-
play panel having four domains may be manufactured
by assembling two photo-alignment substrates in which
pretilts are formed by the above process, such that their
polarized UV light's irradiation directions are orthogonal
to each other. In the alternative, pretilts may be formed
only in one substrate of the liquid crystal display panel.
To be specific, polarized UV light is irradiated at the op-
posite sides of one photo-alignment substrate in one di-
rection, allowing the photo-alignment substrate to have
two pretilts of the domain boundary regions and two
pretilts of the normal-luminance regions. If the same
process is performed on the photo-alignment substrate
in a direction different by 90°, one photo-alignment sub-
strate has four domains. Thereafter, by assembling an-
other substrate of no pretilt with the photo-alignment sub-
strate while a liquid crystal layer is interposed between
the substrates, a liquid crystal display panel, whose in-
dividual unit pixel has four different alignment vectors, is
manufactured.

[0085] Each ofthe optical masks 800 for the aforemen-
tioned process has a plurality of repeatedly formed unit
masking patterns. FIG. 9A is a plan view of a unit masking
pattern which is disposed on an optical mask and is pat-
terned to give a unit pixel different pretilt angles in a do-
main boundary region and a normal-luminance region,
according to an exemplary embodiment of the present
invention. Referring to FIG. 9A, a unit masking pattern
810 has a non-irradiation part pattern 820, a normal-lu-
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minance region pattern 830, and a domain boundary re-
gion pattern 840. The optical mask 800 having the unit
masking pattern 810 is manufactured with a transparent
quartz or glass substrate. Each unit masking pattern 810
may have light blocking films formed on the transparent
substrate of the optical mask 800. The light blocking films
may be made of a material capable of efficiently blocking
light, such as chromium metal, and may be manufactured
in various shapes to adjust the amount of light energy
passing through the unit masking patterns 810.

[0086] To be specific, the non-irradiation part pattern
820, which is a pattern corresponding to a region of a
unit pixel, causes no polarized UV light to be irradiated
to that region, and has a first light blocking region and
blocks all the light irradiated thereto. Therefore, no pretilt
is formed on the half area of a unit pixel covered by the
non-irradiation part pattern 820. The normal-luminance
region pattern 830, which is a pattern corresponding to
the normal-luminance region 510 in a unit pixel, is divided
into a second light blocking region 832 and a first light
transmission region 834 to block a part of the light irra-
diated thereto. A ratio of an area of the light blocking
region 832 to the total area of the normal-luminance re-
gion pattern 830 is a light blocking ratio of the normal-
luminance region 510. Since the unit masking pattern
810 moves in one direction during the photo-alignment
process, even though the light blocking region 832 exists
only in a specific part of the normal-luminance region
pattern 830, continuous and uniform-energy light is irra-
diated to the unit pixel.

[0087] The domain boundary region pattern 840 is po-
sitioned between the non-irradiation part pattern 820 and
the normal-luminance region pattern 830. Since the do-
main boundary region should receive greaterlight energy
than the normal-luminance region 510 to obtain a large
pretilt angle, a light blocking ratio of the domain boundary
region pattern 840 is lower than that of the normal-lumi-
nance region pattern 830. For example, since the domain
boundary region pattern 840 of FIG. 9A has no light block-
ing region, its light blocking ratio is 0%, whereas a light
blocking ratio of the normal-luminance region pattern 830
is greater than 0%. It should be noted that according to
an exemplary embodiment of the present invention, the
light blocking ratio of the normal-luminance region pat-
tern 830 is between the light blocking ratios of the non-
irradiation part pattern 820 and the domain boundary re-
gion pattern 840.

[0088] Since the regions 820, 830 and 840 of the unit
masking pattern 810 have different light blocking ratios,
energy of the light irradiated to the unit pixel is also dif-
ferent according to where the regions 820, 830 and 840
overlap the unit pixel. FIG. 9B is a graph showing ener-
gies of the light irradiated to a photo-alignment substrate
after passing through the unit masking pattern 810 of
FIG. 9A with respect to the regions 820, 830 and 840 of
the unit masking pattern 810. Referring to FIG. 9B, since
light cannot pass through the non-irradiation part pattern
820, energy E(BLK) of the light irradiated to the photo-
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alignment substrate is 0 mJ/cm2. In addition, energy
E(DBT) of the light passing through the domain boundary
region pattern 840 is greatest, and energy E(NL) of the
light passing through the normal-luminance region pat-
tern 830 has a value between the othertwo values. These
different light energies cause different pretilt angles to be
made in different regions of the unit pixel.

[0089] While the domain boundary region pattern 840
in FIG. 9A has no light blocking region, the normal-lumi-
nance region pattern 830 has a wide light blocking region
832. Therefore, energies of the light, that the normal-
luminance region and the domain boundary region of the
unit pixel receive, undergo an abrupt change in their ad-
jacentregions, and liquid crystal molecules located in the
adjacent regions cannot be controlled easily, causing
degradation in the display quality of the unit pixel. There-
fore, the domain boundary region pattern 840 may have
an additional pattern, formed adjacent to the normal-lu-
minance region pattern 830, with a light blocking ratio
between the light blocking ratios of the normal-luminance
region pattern 830 and the domain boundary region pat-
tern 840.

[0090] FIG. 10Ais aplan view of a unit masking pattern
with a domain boundary region pattern divided into a plu-
rality of irradiation patterns, according to an exemplary
embodiment of the present invention. It is to be noted
that the unit masking pattern 810 of FIG. 10A is different
from the unit masking pattern 810 of FIG. 9A in that the
domain boundary region pattern 840 has a plurality of
irradiation patterns. To be specific, the domain boundary
region pattern (or DBT region) 840 includes a first irradi-
ation pattern 842 with no light blocking region, and a sec-
ond irradiation pattern 848 having a third light blocking
region 844. Therefore, when the unit masking pattern
810 moves in a specific direction while undergoing irra-
diation of polarized UV light, the light passing through
the second irradiation pattern 848 is less in energy than
the light passing through the first irradiation pattern 842.
[0091] The second irradiation pattern 848 in FIG. 10A
has the third light blocking region 844 in a triangular
shape. The third light blocking region 844 is an isosceles
triangle in shape, with its bottom side in contact with the
normal-luminance region while its light blocking length
LBL gradually changes. Herein, the light blocking length
LBL is a length of a light blocking region in parallel to the
unit masking pattern 810 or a forward direction FW in
which the light is irradiated when the unit masking pattern
810 moves. To be specific, the closer the light blocking
length LBL is to the normal-luminance region pattern 830,
the longer the light blocking length LBL becomes; the
closerthelight blockinglength LBL is to thefirstirradiation
pattern 842, the shorter the light blocking length LBL be-
comes. Therefore, energy of the light passing through
the second irradiation pattern 848 gradually decreases
in inverse proportion to the light blocking length LBL.
[0092] FIG. 10B is a graph showing energies of polar-
ized UV light passing through the unit masking pattern
810 of FIG. 10A with respect to the regions 820, 830 and
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840 of the unit masking pattern 810. Referring to FIG.
10B, energy of the light passing through the domain
boundary region pattern 840 is divided into two types. To
be specific, the first-type energy E(DBT1) of the light
passing through the first irradiation pattern 842 is the
greatest and constant among the energies of the light
passing through the unit masking pattern 810. On the
other hand, the second-type energy E(DBT2) of the light
passing through the second irradiation pattern 848 grad-
ually decreases from the energy E(DBT1) of the light
passing through the first irradiation pattern 842 to the
energy E(NL) of the light passing through the normal-
luminance region pattern 830. Since light cannot pass
through the non-irradiation part pattern 820, its energy
is 0 mJ/cmZ2, and the energy E(NL) of the light passing
through the normal-luminance region pattern 830is lower
than the energy E(DBT2) of the light passing through the
second irradiation pattern 848.

[0093] The second irradiation pattern 848 of the do-
main boundary region pattern 840 may be made in a part
ofthe domain boundary region in various shapes capable
of forming specific pretilt angles. For example, in FIG.
10A, the third light blocking region 844 of the second
irradiation pattern 848 is an isosceles triangle in shape,
and can gradually change the amount of polarized UV
light irradiated to the substrate with respect to the con-
figuration thereof. The third light blocking region 844 may
be formed in various other shapes.

[0094] FIGS. 11Ato 11E are plan views of unitmasking
patterns, according to exemplary embodiments of the
present invention, which show a non-irradiation part pat-
tern, a normal-luminance region pattern, and a domain
boundary region pattern, each having different shapes.
According to exemplary embodiments of the present in-
vention, energy of the light irradiated to the photo-align-
ment substrate after passing through the unit masking
patterns is least to greatest in order of the light passing
through the non-irradiation part pattern, the light passing
through the normal-luminance region pattern, and the
light passing through the domain boundary region pat-
tern.

[0095] FIG. 11Aisaplanview of a unit masking pattern
810, in which a domain boundary region pattern 840 is
divided into three different regions according to the size
of the third light blocking region 844. Thus, the pretilt
angle of the domain boundary region changes according
to the configuration of the light blocking region 844, en-
abling fine control of the arrangement of liquid crystal
molecules. Although the DBT region is divided into three
sub regions in FIG. 11A, it will be understood by those
of ordinary skill in the art that the number of sub regions
is not limited thereto.

[0096] FIG. 11Bisaplanview of a unit masking pattern
810, in which unlike those shown in FIGS. 9A, 10A and
11A, the light blocking region 832 of the normal-lumi-
nance region pattern 830 is arranged not at the center
of the normal-luminance region pattern 830 but at one
side thereof. Like the light blocking region 832 of the nor-
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mal-luminance region pattern 830, the third light blocking
region 844 of the domain boundary region pattern 840
also shifts toward one side of the domain boundary region
pattern 840. Since the unit masking pattern 810 under-
goes irradiation of polarized UV light while moving in a
specific direction during the photo-alignment process, its
light blocking regions 832 and 844 are allowed to shift
towards one side. While the light blocking pattern 844 of
the domain boundary region pattern 840 in FIG. 11B is
rectangular in shape, in the alternative, the light blocking
pattern 844 may be made in a triangular shape whose
light blocking length LBL gradually changes as in FIG.
10A so that pretilt angles of the domain boundary region
may gradually change.

[0097] FIG.11Cisaplanview ofa unit masking pattern
810, in which the third light blocking region 844 of the
domain boundary region pattern 840 is extended com-
pared with that of FIG. 10A. In FIG. 11C, since the third
light blocking region 844 of the domain boundary region
pattern 840 is formed like in FIG. 10A, its light blocking
length LBL gradually decreases as it goes from the nor-
mal-luminance region pattern 830 to the non-irradiation
part pattern 820. Therefore, for the domain boundary re-
gion, as it goes from a region adjacent to the normal-
luminance region in contact with its one side to a region
close to an adjacent domain in contact with its other side,
its pretilt angles increase.

[0098] FIG. 11Disaplanview ofa unit masking pattern
810 with light blocking regions having different light trans-
mittances. In terms of the light transmittance, the light
blocking region of the non-irradiation part pattern 820 is
lowest, and the third light blocking region 844 of the do-
main boundary region pattern 840 is highest. The light
transmittance of the normal-luminance region pattern
830 has a value between the light transmittances of the
other two regions.

[0099] FIG. 11Eisaplan view of a unit masking pattern
810, inwhich light blocking regions and light transmission
regions of both of the normal-luminance region pattern
830 and the domain boundary region pattern 840 are
repeated. In the repeated patterns, the light transmission
regions serve as slits diffracting light, and since they are
formed in spacings of several um, it is possible to adjust
pretilt angles of the unit pixel.

[0100] The unit masking patterns may be made in a
variety of different shapes as shown in FIGS. 9A, 10A
and 11Ato 11E. The energies of the light passing through
constituent regions of the unit masking patterns are ad-
justed to improve the display quality of a liquid crystal
display by reducing black afterimages and improve an
aperture ratio of each unit pixel by reducing areas of the
abnormal-luminance regions where textures are formed.
[0101] FIG. 12 is a graph showing a relationship be-
tween light transmittance of a unit pixel and a ratio of
energy of light irradiated to a normal-luminance region
to energy of light irradiated to a domain boundary region
of a unit pixel. Referring to FIG. 12, the values of both
energies of lightirradiated to the domain boundary region
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and normal-luminance region and the pretilt angles there-
of in obtaining excellent light transmittance was found.
[0102] The horizontal axis of FIG. 12 represents ratios
of energies of light irradiated to the normal-luminance
regions and energies of light irradiated to the domain
boundary regions of a unit pixel. The vertical axis thereof
represents light transmittance obtained by measuring an
actual luminance of a liquid crystal display panel having
a plurality of unit pixels. The data was obtained by meas-
uring light transmittances for energies 10 mJ/cm2, 20
mJ/cm?2 and 30 mJ/cm? of the light irradiated to the do-
main boundary regions.

[0103] For the measurements, the unit masking pat-
tern 810 of FIG. 9A, to which the domain boundary region
pattern 840 with no light blocking region was applied,
was used, and illuminance of the polarized UV light irra-
diated to the unit masking pattern 810 was 40 mW/cm?2.
For energies of the light irradiated to the domain bound-
ary region to be 10 mJ/cm2, 20 mJ/cm?2 and 30 mJ/cm?2,
the substrate for photo-alignment was transferred at a
speed of 180 mm/sec, 120 mm/sec and 60 mm/sec, re-
spectively. Pretilt angles of the alignment film used for
the measurement of FIG. 12 were roughly proportional
to the energies of the irradiated light. In other words,
pretilt angles for energies 9 mJ/cm2, 10 mJ/cm2, 20
mJ/ecm?2 and 30 mJ/cm?2 of the irradiated light were 1.60°,
1.61°, 1.78° and 1.80°, respectively.

[0104] Referring to FIG. 12, for each curve, its maxi-
mum light transmittance appeared when the energy of
the light irradiated to the normal-luminance region was
about 30% of the energy of the light irradiated to the do-
main boundary region. If the ratio is less than 30%, a
pretilt angle of the normal-luminance region decreases,
causing the liquid crystal molecules adjacent to an align-
ment layer to be disposed more perpendicular to the
alignment layer of the normal luminance region and a
decrease in the light transmittance. On the contrary, if
the ratio is greater than 30%, a difference between the
pretilt angle of the domain boundary region and the pretilt
angle of the normal-luminance region decreases, caus-
ing anincrease in the area of the domain boundary region
and a decrease in the light transmittance.

[0105] Therefore, in a unit pixel, according to an ex-
emplary embodiment of the presentinvention, the energy
of the light irradiated to the normal-luminance region is
about 30% of the energy of the light irradiated to the do-
main boundary region. The term 'about 30%’ means a
range between 25% and 35%. Since the graph of FIG.
12 was obtained using the domain boundary region pat-
tern 840 with no light blocking region as shown in FIG.
9A, the area of the light blocking region 832 in the normal-
luminance region pattern 830 is about 30% of the area
of the normal-luminance region pattern 830.

[0106] It can be seen from FIG. 12 that light transmit-
tance was excellent at energy 30 mJ/cm2 of the light ir-
radiated to the domain boundary region. It addition, since
the light transmittance was best when the energy of the
light irradiated to the normal-luminance region was 30%
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of the energy of the light irradiated to the domain bound-
ary region, to improve light transmittance of the unit pixel,
the pretilt angle of the domain boundary region can be
greaterthan 1.80°, which was a pretilt angle at the energy
30 mJ/cm? of the irradiated light.

[0107] In addition, the energy of the light irradiated to
the normal-luminance region is 9 mJ/cm2 or 30 % of the
energy of the light irradiated to the domain boundary re-
gion, and its associated pretilt angle is 1.60°. Therefore,
it could be seen that since a difference between pretilt
angles of the domain boundary region and the normal-
luminance region was 0.20°, a difference between pretilt
angels of a domain boundary region and a normal-lumi-
nance region of a unit pixel may be 0.20° or more.
[0108] Increasing the pretilt angle to improve light
transmittance may cause black afterimages in a unit pix-
el. Therefore, pretilt angles that can improve both the
light transmittance and the black afterimage are to be
determined. Now, reference will be made to FIGS. 13A
and 13B to describe pretilt angles of normal-luminance
regions where black afterimages were improved.
[0109] FIG. 13A is a table showing black afterimage
indices associated with observation positions of one ob-
server. The black afterimage index is divided into 5 levels
according to how much the luminance or chrominance
observed at the front or side of a liquid crystal display
panel is different from a normal value. The observation
at the front is made one meter away from the image, and
the observation at the side is made one meter away from
the image and at an angle of 60° with respect to the front
of the image. In the observation, the quality of an image
observed at the front and side is classified into 'Good’,
‘Slightly Poor’ and 'Little Poor’. Then a black afterimage
index for one liquid crystal display panel based on the
observations made by one observer can be determined
from the table of FIG. 13A.

[0110] A black afterimage value of a liquid crystal dis-
play panel is determined as an average of black afterim-
age indices measured by several observers. If the black
afterimage value is 2, a good image is observed in front
thereof and a slightly poor image can be recognized at
the side thereof by an expertlike the observer. Therefore,
aliquid crystal display panel with a black afterimage value
of 1 or 2is commonly classified as a normal liquid crystal
display panel.

[0111] FIG. 13B is a graph showing a relationship be-
tween observed black afterimage values and energies
of the light irradiated to a normal-luminance region of a
unit pixel over time after the manufacture of a liquid crys-
tal display panel. Pretilt angles and energies of the light
irradiated to the normal-luminance region of a unit pixel
that can give the unit pixel an excellent display quality
without black afterimages, can be determined from FIG.
13B. To obtain the black afterimage values of FIG. 13B,
the alignment film of FIG. 12 was applied to the test liquid
crystal display panel, and light with energies of 3 mJ/cm?
and 10 mJ/cm? was irradiated to the alignment film. The
manufactured liquid crystal display panel was stored at
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25°C.

[0112] Referringto FIG. 13B, for the normal-luminance
region that underwent irradiation of light with the energy
of 10 mJ/cmZ, its black afterimage value exceeded 2,
twelve hours after the liquid crystal display panel was
manufactured, and the black afterimage value continued
to increase over time. It can be seen that since the ob-
served black afterimage value exceeded 2, which is the
black afterimage value of the liquid crystal display panel
having the excellent display quality, it is not good to irra-
diate the light with the energy of 10 mJ/cmZ2 to the normal-
luminance region.

[0113] Since the black afterimage value of the normal-
luminance region, which underwent irradiation of the 3
mJ/cm?2-energy light, was 2, twelve hours after the man-
ufacturing, and remained at 2 past twelve hours, 3
mJ/cm? is an appropriate energy of the light that can be
irradiated to the normal-luminance region. Therefore, it
could be seen that irradiating light with the energy of 3
mJ/cm? or less to the normal-luminance region of the unit
pixel and the pretilt angle corresponding to 3 mJ/cm2 con-
tributed to the manufacture of a liquid crystal display pan-
el having an excellent display quality.

[0114] For the black afterimage value and light trans-
mittance of the liquid crystal display panel to be improved,
a width of the domain boundary region of the unit pixel
may be properly determined. FIG. 14 is a graph showing
a relationship between a width of a domain boundary
region of a unit pixel and light transmittance of the unit
pixel when lights with different energies are irradiated to
the domain boundary region and normal-luminance re-
gion of the unit pixel. How to determine the width of the
domain boundary region of a unit pixel with an improved
light transmittance can be understood from FIG. 14.
[0115] In FIG. 14, the unit mJ/cm2 of light energy is
omitted from a combination (a, b) of energy 'a’ of the light
irradiated to a normal-luminance region of a unit pixel
and energy 'b’ of the lightirradiated to a domain boundary
region of a unit pixel. In other words, there are three types
of (a, b): (10, 33), (4.5, 15) and (10, 10). Herein, a unit
pixel to which (10, 10) was applied was used as a refer-
ence unit pixel (or object to be compared) having no do-
main boundary region.

[0116] Each of the combinations is divided into two dif-
ferent unit pixels, and widths of domain boundary regions
are 10pum and 13um, respectively. The experiment was
performed under conditions that light was irradiated to
the domain boundary regions through the unit masking
pattern 810 having the first irradiation pattern 842 com-
prised of only the light transmission region and the sec-
ond irradiation pattern 848 having a partial light blocking
region, as shown in FIG. 10A, and the two irradiation
regions of the unit masking pattern 810 were the same
in width.

[0117] Referring to FIG. 14, the lower the energy of the
light irradiated to the normal-luminance region was, the
lower the light transmittance was. In other words, for a
unit pixel in which 4.5 mJ/cm2-energy light was irradiated
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to the normal-luminance region and a width of the domain
boundary region was 10um, its light transmittance was
5.18%, which is lower than light transmittance 5.21% of
the reference unit pixel. However, the light transmittance
of the unit pixel increased with the increase in the width
of the domain boundary region. For example, if the do-
main boundary region of the unit pixel, to which 4.5
mJ/cm2-energy was applied, increased from 10pm to
13um in width, the light transmittance of the unit pixel
increased to 5.20%, becoming similar to the light trans-
mittance 5.21% of the reference unit pixel. Likewise, for
(10, 33), the increase in the width of the domain boundary
region contributed to improving the light transmittance of
the unit pixel. Therefore, it can be seen that the width of
the domain boundary region may be appropriate when
greater than 10pm.

[0118] An appropriate width of the domain boundary
region may be found using a relationship between widths
of various domain boundary region patterns and associ-
ated light transmittances of the unit pixel. FIG. 15A is a
plan view of a unit masking pattern 810, according to an
exemplary embodiment of the presentinvention, to which
a domain boundary region pattern 840 and a second ir-
radiation pattern 848 with various widths are applicable.
FIG. 15B is a graph showing a relationship between an
area or width of the domain boundary region pattern 840
and the second irradiation pattern 848 of the unit masking
pattern 810 in FIG. 15A and associated light transmit-
tances of a unit pixel.

[0119] Referring to FIG. 15A, while the second irradi-
ation pattern 848 of the domain boundary region pattern
840 has a third light blocking region 844 and a second
light transmission region 846, the first irradiation pattern
842 has only a light transmission region without any light
blocking region. The first and second irradiation patterns
842 and 848 are the same in width and area, so width
w(DBT) of the domain boundary region pattern 840 is
double a width w(DBTS) of the second irradiation pattern
848. By adjusting the width w(DBT) of the domain bound-
ary region pattern 840, light transmittance of the unit pixel
may change as represented in FIG. 15B.

[0120] The horizontal axis of FIG. 15B represents var-
ious parenthesized combinations of widths w(DBT) of the
domain boundary region pattern 840 and widths
w(DBTS) of the second irradiation pattern 848. The
widths of the domain boundary region pattern 840 range
from 7.0pm to 13.0um, and a reference unit masking
pattern (or object to be compared) is a unit masking pat-
tern in which the domain boundary region pattern 840
without the second irradiation pattern 848 is formed
10pm thick.

[0121] The vertical axis of FIG. 15B represents meas-
ured light transmittances of the unit pixel when
33mJ/cm2-energy light is irradiated to the unit masking
pattern 810 having the combinations of widths of the do-
main boundary region pattern 840 and widths of the sec-
ond irradiation pattern 848 on the horizontal axis. Refer-
ring to FIG. 15B, light transmittances of the unit pixel are
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roughly proportional to widths of the domain boundary
region pattern 840 and the second irradiation pattern 848.
In other words, while the light transmittance is 5.24 % for
the width 3.5um of the second irradiation pattern 848, as
the width increases to 5.0um and 6.5um, the light trans-
mittance increases to 5.28 % and 5.30 %, respectively.
Therefore, it may be appropriate that the second irradi-
ation pattern 848 of the domain boundary region pattern
840 in the unit masking pattern 810 is wide.

[0122] However, the light transmittance for the width
6.5um of the second irradiation pattern 848 was 5.30 %,
which was the same as that of the reference unit masking
pattern where the domain boundary region pattern 840
was 10.0pm in width while the second irradiation pattern
848 does not exist. In addition, the light transmittance for
the width 5.0.m of the second irradiation pattern 848 is
5.28 %, which is similar to 5.30 % of the reference unit
masking pattern. Therefore, it may be appropriate to set
the width of the second irradiation pattern 848 of the do-
main boundary region pattern 840 to 6.5,.m. In addition,
considering the case where the second irradiation pattern
848 showing excellent light transmittance is 5.0p.m thick,
it may be appropriate to set the width of the second irra-
diation pattern 848 to 6.5 = 1.5um. Therefore, the width
of the domain boundary region pattern 840 may be prop-
erly set to 13.0 = 3.0pm, given that the first and second
irradiation patterns 842 and 848 of the domain boundary
region pattern 840 were the same in width.

[0123] The aforementioned unit pixel has an FFT par-
tially along its edge in addition to the DBT. To reduce the
FFT, a pretilt angle at the edge of the unit pixel may be
increased by using a shape of a light blocking region of
the unit masking pattern.

[0124] FIG. 16Ais aplanview of a unitmasking pattern,
to which afringe field region pattern is applied toincrease
a pretilt angle at an edge of a unit pixel, according to an
exemplary embodiment of the present invention. Refer-
ringto FIG. 16A, a fringe field region pattern 850 is formed
at an edge of a unit masking pattern 810. The fringe field
region pattern 850 is divided into a light blocking region
852 and a light transmission region 854, and a pretilt
angle at the edge of the unit pixel may be increased by
adjusting a ratio of areas of the two regions, contributing
to reducing the fringe field region of the unit pixel. How-
ever, if the unit masking pattern 810 of FIG. 16A is ap-
plied, due to the alignment vectors of the domains, light
transmittance increases at a part of one side of the unit
pixel on which the fringe field region pattern 850 appears,
while the light transmittance may reduce in the other parts
of the side.

[0125] FIGS. 16B to 16D are diagrams showing align-
ment vectors of a unit pixel and a local light transmittance
change of the unit pixel, caused by the alignment vectors,
when the unit masking pattern 810 of FIG. 16A is applied
to first and second substrates 100 and 200 of the unit
pixel. According to FIGS. 16B to 16D, a light transmit-
tance on a part of one side of the unit pixel increases,
while that of the other part of the side decreases.
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[0126] FIG. 16B is a diagram showing a pretilt angle
which is made on an alignment film of the first substrate
100. The first substrate 100 is coated with an alignment
film (not shown), to which the polarized UV light that
passed through the unit masking patterns 810 of FIG.
16A is irradiated in two different directions parallel to the
y-axis. Although the unit masking pattern 810 has the
shape of FIG. 16A, it will be understood by those of or-
dinary skill in the art that the greater the energy of the
light irradiated to a specific part on the substrate is, the
brighter the part can be represented. Through this unit
masking pattern 810, low-energy light is irradiated to the
normal-luminance region 510 of the unit pixel on the first
substrate 100, and high-energy light is irradiated to the
DBT 522 and FFT 526.

[0127] FIG. 16C is a diagram showing a pretilt angle
which is formed on an alignment film of the second sub-
strate 200. Although the pretilt angle of the second sub-
strate 200 is obtained by the same process and unit
masking pattern as those used in FIG. 16B, the light is
irradiated in two different directions parallel to the x-axis.
[0128] FIG.16Dis aplanview ofa unit pixel 400, show-
ing alignment vectors, DBTs and FFTs, which are formed
according to the processes of FIGS. 16B and 16C. Re-
ferring to FIG. 16D, alignment vectors of each domain
are different according to their specific locations. Specif-
ically, an alignment vector of the normal-luminance re-
gion 510 in each domain has a smaller vector value than
other locations in the same domain, forming a small pretilt
angle and reducing a black afterimage.

[0129] On the other hand, the DBT 522 has a large
vector value, increasing its light transmittance. However,
in the FFT region, light transmittance does not increase
despite an increase in the pretilt angle. To be specific, if
the pretilt angle at the edge of the domain increases,
more liquid crystal molecules depend on the pretilt angle,
and thus, the number of liquid crystal molecules affected
by the fringe field increases as well. As a result, the area
of the FFT increases, and an area 456 occurs where light
transmittance decreases. On the other hand, in a part
where no fringe field is formed, at the edge of each do-
main, an area 454 occurs where light transmittance in-
creases due to the increase in the pretilt angle of liquid
crystal molecules.

[0130] In summary, owing to the process of using the
unit masking pattern 810 of FIG. 16A, a part of the edge
of the unit pixel 400 decreases in light transmittance,
while the other parts of the edge increase in light trans-
mittance. Therefore, for the part where light transmit-
tance decreases, a structure of the unit pixel 400 may be
changed.

[0131] FIG. 17A is a plan view of a first substrate of a
unit pixel where a projection is formed at an edge of a
pixel electrode, on which an FFT occurs. Referring to
FIG. 17A, a pixel electrode and opaque wires of the unit
pixel overlap the FFT, improving the aperture ratio and
light transmittance of the unit pixel. A unit pixel 400 of
FIG. 17A has a gate line 410 and a data line 420, both
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of which are made of an opaque material, and a pixel
electrode 500 made of a transparent material. In partic-
ular, on the pixel electrode 500 are formed a plurality of
domains 610, 620, 630 and 640, and FFTs 526.

[0132] The FFT 526 is partially formed at one edge of
the pixel electrode 500. In other words, one edge of the
pixel electrode 500 is divided into an FFT-formed region
528 and an FFT-unformed region 529. The FFT-formed
region 528 is proportional to a pretilt angle of an alignment
film. For example, use of the unit masking pattern 810 in
FIG. 16A may increase the size of the FFT-formed region
528 and decrease light transmittance of the unit pixel
400. However, since the FFT 526 may also be formed
with a low pretilt angle of the alignment film, it should be
noted that the current unit pixel is not limited to a unit
pixel that is manufactured using the unit masking pattern
810 with the fringe field region pattern 850, as shown in
FIG. 16A.

[0133] The pixel electrode 500 of FIG. 17A has a pro-
jection 532 at the edge of the unit pixel 400 in an FFT-
formed region 528. To be specific, according to exem-
plary embodiments of the present invention, projections
532 may alternately project from circumferences of four
domains constituting the rectangular pixel electrode 500.
In other words, one side of the pixel electrode 500 is
divided into a part having the projection 532 and a part
having no projection. Since the pixel electrode 500 has
the projection 532, the unit pixel 400 is designed such
thatthe FFT 526 located at the edge of the pixel electrode
500 is located on the projection 532. In addition, a thin
film transistor 430 of the unit pixel 400 may be located
on the projection 532.

[0134] The total area of the FFT 526 may be included
in the projection 532. Since width of the FFT 526 is com-
monly measured as 60% of the DBT width, the projection
532 may project from the edge of the FFT-unformed re-
gion 529 by 60% or more of the DBT width. For example,
if a width of the DBT is 10.m, a width of the projection
532 is about 6,um or more.

[0135] The projection 532 of the pixel electrode 500
may be extended to overlap opaque electrodes of the
unit pixel 400. For example, as shown in FIG. 17A, a
plurality of projections 532 may overlap the gate line 410
and the data line 420. In the alternative, the projection
532 of the pixel electrode 500 may selectively overlap
any one of the gate line 410 and the data line 420. Since
the gate line 410 and the data line 420 are formed of an
opaque metal, the FFT 526 does not reduce light trans-
mittance of the unit pixel 400. If the projection 532 formed
in the unit pixel 400 is set to overlap opaque films in this
way, the reduction in light transmittance may be lessened
with variously directed alignment vectors of the unit pixel
400.

[0136] FIG. 17B is a cross-sectional view of the unit
pixel 400 taken along line XVII(b)- XVII(b)’ of FIG. 17A,
which shows an example in which the projection 532 of
the pixel electrode 500 overlaps an FFT 526 and the data
line 420. Referring to FIG. 17B, on the first substrate 100
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are stacked in sequence a first base substrate 110, a
gate insulating layer 412, the data line 420 made of a
highly conductive opaque material, adatainsulating layer
422, the pixel electrode 500 having the projection 532
overlapping the data line 420, and a first alignment film
130.

[0137] The second substrate 200 of FIG. 17B has a
second base substrate 210, color filters 250 made of a
material emitting a basic color of the unit pixels, a black
matrix 260, a common electrode 240, and a second align-
ment film 230. The basic color of the color filters 250 may
be any one of the three primary colors of red, green and
blue, or any one of cyan, magenta and yellow. In the
alternative, a color filter may be made empty to have the
color of the backlight assembly, passing through the
empty space, but set as a basic color.

[0138] Between the color filters 250 is arranged the
black matrix 260, and on the color filters 250 and the
black matrix 260 is arranged the common electrode 240
covering the entire surface of the second substrate 200.
The second substrate 200 is fully covered with the com-
mon electrode 240, on which the second alignment film
230 having a specific pretilt angle is formed.

[0139] In FIG. 17B is shown an arrangement of liquid
crystal molecules, which depend on both a fringe field
450 and pretilt angles of the first and second alignment
films 130 and 230, in the middle of a liquid crystal layer
300. While liquid crystal molecules NLLC in the normal-
luminance region 510 at the side XVIIIb’ of FIG. 17B are
affected by the pretilt angle of the second alignment film
230, liquid crystal molecules FFLC at the edge of the
pixel electrode 500 are affected by the fringe field 450
and tilted opposite to the liquid crystal molecules NLLC
of the normal-luminance region 510. Therefore, FFT lig-
uid crystal molecules FFTX are aligned in parallel or per-
pendicular to the polarization axes of a liquid crystal dis-
play panel, causing a low-luminance texture region.
[0140] An FFT 526 is situated on the projection 532 of
the pixel electrode 500, which overlaps the data line 420
of the first substrate 100. The FFT 526 is not observed
in the unit pixel 400, since the data line 420 is made of
an opaque metal. The data line 420 is arranged outside
the normal-luminance region 510 of the unit pixel 400,
improving the aperture ratio and light transmittance of
the unit pixel 400.

[0141] Inthe alternative, the FFT 526 may be arranged
to overlap the black matrix 260 of the second substrate
200. The black matrix 260 is made of an opaque material
such as an organic compound or a metal oxide and ar-
ranged between the color filters 250 to block light. Since
the black matrix 260 is arranged outside the normal-lu-
minance region 510 of the unit pixel 400 and the pixel
electrode 500 has the projection 532 overlapping the
black matrix 260 and the FFT 526, the aperture ratio and
light transmittance of the unit pixel 400 are improved.
[0142] On the other hand, as shown in FIG. 17A, a
single data line 420 or single black matrix 260 may be
arranged in common with the plural projections 532 and
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532’ of adjacent pixel electrodes 500 and 500’. In other
words, the data line 420 overlapping the projection 532
shown on the line XVIII(b)-XVIlI(b)’ of FIG. 17A overlaps
the projection 532’ of the adjacent pixel electrode 500’
and the FFT 526’ located thereon, shown on line XVI-
ll(c)-XVIlI(c)’ of FIG. 17A.

[0143] FIG. 17C is a cross-sectional view of the unit
pixel 400 taken along the line XVIli(c)- XVIII(c) of FIG.
17A, which shows an example in which the projection
532" and an FFT 526’ of the unit pixel 500 overlap the
data line 420 on the first substrate 100 and the black
matrix 250 on the second substrate 200. Since a pretilt
of the second alignment film 230 in FIG. 17C has a di-
rection opposite to that of FIG. 17B, liquid crystal mole-
cules are also all arranged in opposite directions. How-
ever, FIG. 17C is the same as FIG. 17B in terms of the
form in which the FFT 526’ overlaps the data line 420
and the black matrix 260.

[0144] The data line 420 and the black matrix 260 in
FIGS. 17B and 17C are extended straight along the edg-
es of the pixel electrodes 500 and 500'. Therefore, the
projections 532 and 532’ of the two adjacent pixel elec-
trodes 500 and 500’ are alternately arranged along the
data line 420. The straight extension of the data line 420
and the black matrix 260 contributes to a simpler liquid
crystal display panel design.

[0145] In the foregoing description, the FFT 526 over-
laps the data line 420 and/or the black matrix 260 using
the projection 532 of the pixel electrode 500. However,
the projection 532 may overlap the gate line 410 extend-
ing in a direction different from that of the data line 420,
or a storage electrode 440 having a part partially over-
lapping the pixel electrode 500. Unlike that shown in
FIGS. 17A to 17C, the data line 420 and/or the gate line
410 may be made in accord with the overall shape of the
pixel electrode 500. In addition, it will be understood by
those of ordinary skill in the art that the projection 532 of
the pixel electrode 500, which overlaps the opaque elec-
trodes or black matrix of the unit pixel 400, may be formed
all over one side of the pixel electrode 500.

[0146] FIG. 18 is a partial plan view of a unit pixel,
showing a data line and a storage electrode of the unit
pixel running along the edge of a pixel electrode, and a
black matrix, which is extended straight. Referring to FIG.
18, a black matrix extending straight covers all of a pro-
jection of a unit pixel, other bent wires such as a data
line, and an FFT, contributing to the improvement of the
aperture ratio and light transmittance of the unit pixel and
a simpler design thereof.

[0147] On the unit pixel 400 of FIG. 18 are represented
a storage electrode 440 on a first substrate 100 and a
black matrix 260 on a second substrate 200. Referring
to FIG. 18, the storage electrode 440 is formed such that
a part thereof overlaps the edge of a pixel electrode 500.
For the storage electrode 440, its pixel potential is main-
tained for one frame. It will be understood by those of
ordinary skill in the art that the storage electrode 440
partially overlaps the edge of the pixel electrode 500,
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since excessive overlapping between the storage elec-
trode 440 and the pixel electrode 500 can reduce the
aperture ratio and light transmittance of the unit pixel 400.
[0148] A data line 420 has a bending part similar in
shape to the edges of the pixel electrodes, since it inter-
venes between two adjacent pixel electrodes. Therefore,
the data line 420 of the unit pixel 400 in FIG. 18 has a
bending part similar in shape to the pixel electrode 500
and the storage electrode 440.

[0149] Theunitpixel400 of FIG. 18 has the black matrix
260 that is extended straight on the second substrate
200. The black matrix 260, which is a region blocking the
light, may overlap the wires, e.g., the gate line 410, data
line 420 or storage electrode 440 on the first substrate
100, and the FFT shifted to the projection 532 of the pixel
electrode 500. Therefore, the unit pixel 400 may be less
affected by the FFT, increasing the aperture ratio and
light transmittance of the unit pixel 400 and facilitating
the simpler design of the unit pixel 400.

[0150] The projection 532 of the pixel electrode 500,
which overlaps the FFT, may be applied to a unit pixel
400 having a plurality of pixel electrodes. FIG. 19A is a
partial plan view of a unit pixel including a plurality of pixel
electrodes which have projections. Referring to FIG. 19A,
adataline 420 and a storage electrode 440 of a unit pixel
400 cross each other in the vicinity of a region where a
projection 532 and a recess 534 of a pixel electrode 500
meet. Herein, the recess 534 may be a part which is
connectively formed to a projection 532 on one side of
the pixel electrode 500. Alternatively, the recess 534 may
be a non-projection parton one side of the pixel electrode
500.

[0151] Inthe unit pixel 400 of FIG. 19A, two pixel elec-
trodes 502 and 504 are connected to one gate line 410
by two thin film transistors 430 and 430’. The thin film
transistors 430 and 430’ provide different voltages to the
pixel electrodes 502 and 504, since they are connected
to different datalines 420 and 420’. Therefore, liquid crys-
tal molecules located on the pixel electrodes 502 and
504 are different in arrangement, making it possible to
display a high-quality image that is not deformed even
when a liquid crystal display panel is viewed from various
directions.

[0152] In the alternative, the unit pixel 400 may have
a transistor with two drain electrodes and an additional
capacitor for a voltage drop. While one drain electrode
is directly connected to the first pixel electrode 502, the
other drain electrode is connected to the second pixel
electrode 504 by way of the capacitor for the voltage drop.
Accordingly, it will be understood by those of ordinary
skill in the art that the two pixel electrodes 502 and 504
may form slightly different pixel potentials, improving the
display quality of a liquid crystal display panel.

[0153] As described above, the pixel electrodes 500
are divided into the first pixel electrode 502 for receiving
a relatively high voltage and the second pixel electrode
504 for receiving a relatively low voltage. The first and
second pixel electrodes 502 and 504 have domains of
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differentalignmentvectors, each of which has projections
532 overlapping FFTs. The projections 532 overlap the
storage electrode 440 as well, preventing the aperture
ratio and light transmittance of the pixel electrodes 500
from deteriorating due to the FFTs.

[0154] The storage electrode 440 maintains a potential
of the pixel electrode 500 by overlapping the edge of the
pixel electrode 500. However, the full overlap of the stor-
age electrode 440 with the pixel electrodes 500 leads to
the overlap of a normal-luminance region 510 of the pixel
electrode 500, causing a possible deterioration of the ap-
erture ratio and light transmittance of the unit pixel 400.
Thus, the storage electrode 440 overlaps the projection
532 of the pixel electrode 500, but does not overlap the
non-projection part 534.

[0155] Thedatalines 420 and 420’ are arranged along
the edges of the pixel electrodes 500, maintaining a con-
stant distance from the pixel electrodes 500 all over the
unit pixel 400. On the other hand, the storage electrode
440 has a part overlapping the pixel electrode 500 and
a part separated from the pixel electrode 500. To be spe-
cific, the storage electrode 440 is spaced apart from the
recess 534 while crossing the data lines 420 and 420,
in the region where the projection 532 and the recess
534 of the pixel electrode 500 meet each other.

[0156] The dataline 420 may be arranged in the space
where the recess 534 and the storage electrode 440 are
spaced apart from each other. In other words, in the vi-
cinity of the recess 534 are arranged in sequence the
pixel electrode 500, the data line 420 and the storage
electrode 440. On the other hand, the data line 420 is
arranged outside the storage electrode 440, since the
projection 532 partially overlaps the storage electrode
440. In other words, in the vicinity of the projection 532
are arranged in sequence the pixel electrode 500, the
storage electrode 440 and the data line 420.

[0157] According to the above structure, a projection
442 of the storage electrode 440, which overlaps the pro-
jection 532 of the pixel electrode 500 or a part thereof,
and a recess 444 of the storage electrode 440, which is
spaced apart from the recess 534 adjacent to the projec-
tion 532 of the pixel electrode 500, alternately cross a
recess 424 and a projection 422 of the data line 420,
which maintains a constant distance with the projection
532 and the recess 534 of the pixel electrode 500 on the
whole, thereby preventing an increase in size of the unit
pixel 400.

[0158] The first substrate 100 of the above-described
unit pixel 400 is divided into a pixel region through which
light passes, and a non-transmission region through
which light does not pass. Fine metal wires are formed
in the non-transmission region through which light does
not pass, and on the second substrate 200 is formed the
black matrix 260 covering the non-transmission region
of the first substrate 100 since the display quality of a
liquid crystal display panel may decrease due to the dif-
fraction or reflection of the light by the metal wires.
[0159] FIG. 19B is a plan view of a second substrate
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of a unit pixel, on which a black matrix covering the non-
transmission region of the unit pixel on a first substrate
and a color filter representing a basic color of the unit
pixel are formed. FIG. 19C is a plan view of a unit pixel
obtained by assembling the first substrate of FIG. 19A
and the second substrate of FIG. 19B. Referring to FIG.
19B, the black matrix 260 covers the wires 410, 420, 430
and 440, and the FFT 526 formed on the first substrate
100, surrounding the color filter 250. Referring to FIG.
19C, the unit pixel 400 displays a specific basic color as
the light, which has passed through the first and second
pixel electrodes 502 and 504 on the first substrate 100,
passes through the color filter 250 on the second sub-
strate 200. By covering the FFTs of the unit pixel 400,
the black matrix 260 on the second substrate 200 may
improve the display quality of a liquid crystal display panel
and increase the light transmittance thereof.

[0160] In a unit pixel to which a photo-alignment proc-
ess according to an exemplary embodiment of the
present invention is applied, a pretilt angle of a domain
boundary region is set greater than that of a normal-lu-
minance region to reduce black afterimages, thereby im-
proving the display quality of a liquid crystal display panel
employing the unit pixel. Because of this pretilt angle con-
figuration, the aperture ratio and light transmittance of
the unit pixel improve, contributing to an increase in lu-
minance and a reduction in power consumption. Further,
since the unit pixel's storage electrodes and data lines
may be arranged to cross each other, the size and light
transmittance of such a unit pixel having multiple pixel
electrodes are improved.

[0161] As is apparent from the foregoing description,
a pretilt angle of the domain boundary region in each of
the domains of a unit pixel can be set greater than a pretilt
angle of the normal-luminance region, increasing the de-
viation between the arrangement of the liquid crystal mol-
ecules in the domain boundary region and the polariza-
tion axes. As a result, the width and area of the DBT
decrease and the aperture ratio and light transmittance
of the unit pixel increase.

[0162] The pretiltangle ofthe normal-luminance region
is smaller than the pretilt angle of the domain boundary
region. Therefore, liquid crystal molecules in the normal-
luminance region depend on a pixel potential provided
to the pixel electrode, reducing the black afterimage phe-
nomenon. Hence, the liquid crystal display panel may
have a further improved display quality.

[0163] A projection of the pixel electrode of the unit
pixel can also overlap wires or a black matrix near the
pixel electrode and an FFT formed on the projection may
be hidden from the unit pixel, thereby improving the ap-
erture ratio and light luminance of the unit pixel.

[0164] In addition, a shape of the black matrix and/or
wires commonly overlapping the projections of adjacent
pixel electrodes may not accord with the external shape
of the pixel electrodes, facilitating a simpler design of the
unit pixel and preventing an increase in size of the unit
pixel.
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[0165] As for aunit masking pattern for forming the unit
pixel, according to an exemplary embodiment of the
presentinvention, since light transmittance of the domain
boundary region is higher than that of the normal-lumi-
nance region, a pretilt angle of the domain boundary re-
gion is greater than that of the normal-luminance region,
thereby reducing the area and width of the DBT and im-
proving the aperture ratio and light luminance of the unit
pixel.

[0166] The unitmasking pattern includes three specific
patterns differentin shape: a non-irradiation part pattern,
anormal-luminance region pattern, and a domain bound-
ary region pattern. Therefore, a unit pixel having a plu-
rality of pretilt angles may be manufactured in a single
process, thereby simplifying the photo-alignment proc-
ess and saving manufacturing cost and time.

[0167] The pretilt angle of the domain boundary region
is set large since a first irradiation part of the domain
boundary region pattern of the unit masking pattern has
no light blocking region. In addition, since a second irra-
diation part has a triangular-shaped light blocking region
which gradually decreases in width, the pretilt angle of
the domain boundary region adjacent to the normal-lu-
minance region gradually increases, making it possible
to stably control the alignment of liquid crystal molecules.
[0168] While the present invention has been shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the scope of the present
invention as defined by the appended claims.

Claims
1. Aliquid crystal display panel, comprising:

a unit pixel (400) comprising;

a first substrate (110) having a first alignment
film (130) formed thereon and a second sub-
strate (210) having a second alignment film
(230) formed thereon, the first and second align-
ment films (130, 230) facing each other, and a
liquid crystal layer (300), having liquid crystal
molecules, interposed between the first align-
ment film (130) and the second alignment film
(230),

wherein each alignment film (130, 230) is adapt-
ed to adjust a pretilt of the liquid crystal mole-
cules such thatthe liquid crystal molecules (LLC,
ULC) near the alignment film are tilted in a spe-
cific direction with respect to the surface of the
alignment film under a pretilt angle which is de-
termined with respect to the surface normal of
the alignment film; and

wherein the first alignment film (130) is adapted
so as to define a first domain (610) and a second
domain (620) which are adjacent to each other,
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and a domain boundary region straddling the
boundary between the first and second do-
mains, wherein the domain boundary region in-
cludes a first domain boundary region (616) be-
ing part of the first domain (610) and a second
domain boundary region (626) being part of the
second domain (620),

wherein the pretilt angles near the first alignment
film (130) in the domain boundary regions (616,
626) are greater than the pretilt angles near the
first alignment film (130) in the other regions
(614, 624) of the first and second domains (610,
620);

characterized in that

the liquid crystal molecules near the first align-
ment film (130) in the firstdomain (610) including
the first domain boundary region (616) are tilted
in a first direction (132), and the liquid crystal
molecules near the first alignment film (130) in
the second domain (620) including the second
domain boundary region (626) are tilted in a sec-
ond direction (134) which is opposite to the first
direction (132).

The liquid crystal display panel of claim 1, wherein
the liquid crystal display panel further comprises a
first polarizer (120) arranged on the first substrate
(110) and a second polarizer (220) arranged on the
second substrate (210), the first and second polar-
izers (120; 220) having a first polarization axis (122)
and a second polarization axis (222), respectively,
which are normal to each other, and wherein the sec-
ond alignment film (230) is arranged so that the liquid
crystal molecules (ULC) near the second alignment
film (230) are tilted in a third direction (232) which is
normal to the first and second directions (132, 134),
with the first and second directions (132, 134) being
parallel to the second polarization axis (222), and
the third direction (232) being parallel to the first po-
larization axis (122).

An optical mask for manufacturing the liquid crystal
display panel of claim 1 or 2 in a photo-alignment
process, comprising:

a unit masking pattern (810) for forming pretilt
angles in a unit pixel of a liquid crystal display
panel, the unit masking pattern comprising:

a substantially rectangular outline having a
length and a width, on which a non-irradia-
tion part pattern (820), a domain boundary
region pattern (840), and a first region pat-
tern (830) having rectangular outlines are
disposed in sequence along the length di-
rection of the unit masking pattern, and ar-
ranged immediately adjacent to each other
in this sequence to form the rectangular
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shape of the unit masking pattern, wherein
the domain boundary region pattern (840)
is positioned between the non-irradiation
part pattern (820) and the firstregion pattern
(830),

wherein the non-irradiation part pattern
(820) is a first light blocking region, which
is located on one side of the unit masking
pattern and completely blocks light,
wherein the first region pattern (830) com-
prises a first light transmission region (834)
and a second light blocking region (832),
and having afirstregion transmittance ratio,
which is obtained by dividing an area of the
first light transmission region (834) by an
area of the first region pattern (830),
wherein the domain boundary region pat-
tern (840) comprises a second light trans-
mission region, and having a domain
boundary region transmittance ratio, which
is obtained by dividing an area of the second
light transmission region by an area of the
domain boundary region pattern (840), and
wherein the transmittance ratio of the do-
main boundary region pattern (840) is great-
er than the transmittance ratio of the first
region pattern (830).

The mask of claim 3, wherein the transmittance ratio
of the first region pattern (830) ranges from 25 % to
35 %.

The mask of claim 3, wherein the domain boundary
region pattern (840) has a first irradiation part (842)
and a second irradiation part (848), which are adja-
cent to each other, light is transmitted through the
entirety of the firstirradiation part (842), and the sec-
ond irradiation part (848) is comprises a third light
blocking region (844) positioned therein, and

the first irradiation part (842) abuts the non-irradia-
tion part pattern (820), and the second irradiation
part (848) abuts the first region pattern (830).

The mask of claim 5, wherein the width of the third
light blocking region (844) of the second irradiation
part (848) measured along the width direction of the
unit masking pattern (810) through a predetermined
measurement point within the third light blocking re-
gion (844)is denoted as a light blocking length (LBL),
and the light blocking length (LBL) decreases with
increasing distance of the measurement point from
the boundary between the domain boundary region
pattern (40) and the first region pattern (830), the
distance being measured along the length direction
of the unit masking pattern (810).

The mask of claim 6, wherein the third light blocking
region (844) of the second irradiation part (848) is
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10.

40

anisosceles triangle having its base abutting the first
region pattern (830).

The mask of claim 6, wherein the mask includes a
plurality of the unit masking patterns (810) repeat-
edly arranged in adjacent lines along the length di-
rection of the unit masking patterns (810) and is con-
figured to be moved in the width direction of the unit
masking patterns (810), such that the light blocking
length (LBL) of the third light blocking region (844)
of the domain boundary region pattern (840) is par-
allel to the direction (FW) in which the mask moves.

The mask of claim 3, wherein the width of the domain
boundary region pattern (840) measured along the
length direction of the unit masking pattern (810) is
about 5pum or more.

The mask of claim 9, wherein the width of the domain
boundary region pattern (840) measured along the
length direction of the unit masking pattern (810) is
about 8um or less.

Patentanspriiche

1.

Flussigkristallanzeigevorrichtung,
umfasst:

die Folgendes

ein Einheitspixel (400), das Folgendes umfasst:

ein erstes Substrat (110), das eine erste
Ausrichtungsfolie (130) aufweist, die darauf
gebildetist, und ein zweites Substrat (210),
das eine zweite Ausrichtungsfolie (230) auf-
weist, die darauf gebildet ist, wobei die erste
und zweite Ausrichtungsfolie (130, 230) ein-
ander zugewandt sind, und eine Flussig-
kristallschicht (300), die Flissigkristallmo-
leklle aufweist, die sich zwischen der ers-
ten Ausrichtungsfolie (130) und der zweiten
Ausrichtungsfolie (230) befindet,

wobei jede Ausrichtungsfolie (130, 230)
daraufausgelegt ist, den Pretilt der Flussig-
kristallmolekile so anzupassen, dass die
Fliussigkristallmolekile (LLC, ULC) in der
N&he der Ausrichtungsfolie in eine spezifi-
sche Richtung in Bezug auf die Oberflache
der Ausrichtungsfolie unter einem Pretilt-
Winkel geneigt sind, der in Bezug auf den
Normalenvektor der Ausrichtungsfolie be-
stimmt wird; und

wobei die erste Ausrichtungsfolie (130) so
ausgelegt ist, dass sie eine erste Domane
(610) und eine zweite Doméne (620), die
zueinander benachbart sind, und einen Do-
manengrenzbereich definiert, wobei der
Domanengrenzbereich die Grenze zwi-
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schen der ersten und zweiten Doméne
Uberspannt, wobei der Domanengrenzbe-
reich einen ersten Dom&nengrenzbereich
(616), der Teil der ersten Doméne (610) ist
und einen zweiten Dom&nengrenzbereich
(626), der Teil der zweiten Doméane (620)
ist, einschliel}t,

wobei die Pretilt-Winkel in der Nahe der ers-
ten Ausrichtungsfolie (130) in den Doma-
nengrenzbereichen (616, 626) grofler sind
als die Pretilt-Winkel in der Nahe der ersten
Ausrichtungsfolie (130) in den Ubrigen Be-
reichen (614, 624) der ersten und zweiten
Domane (610, 620);

dadurch gekennzeichnet, dass

die Flussigkristallmolekile in der Nahe der
ersten Ausrichtungsfolie (130) in der ersten
Domane (610) einschliefllich des ersten
Domanengrenzbereichs (616) in eine erste
Richtung (132) geneigt sind, und die Flis-
sigkristallmolekile in der Nahe der ersten
Ausrichtungsfolie (130) in der zweiten Do-
mane (620) einschlieBlich des zweiten Do-
manengrenzbereichs (626) in eine zweite
Richtung (134) geneigt sind, die die Gegen-
richtung der ersten Richtung (132) ist.

Flussigkristallanzeigevorrichtung nach Anspruch 1,
wobei die Flussigkristallanzeigevorrichtung ferner
einen ersten Polarisator (120), der auf dem ersten
Substrat (110) angeordnetist, und einen zweiten Po-
larisator (220), der auf dem zweiten Substrat (210)
angeordnet ist, umfasst, wobei der erste und zweite
Polarisator (120, 220) je eine erste Polarisationsach-
se (122) und eine zweite Polarisationsachse (222)
aufweisen, die senkrecht zueinander sind, und
wobei die zweite Ausrichtungsfolie (230) so ange-
ordnet ist, dass die Flissigkristallmolekile (ULC) in
der Nahe der zweiten Ausrichtungsfolie (230) in eine
dritte Richtung (232) geneigt sind, die senkrecht zu
der ersten und zweiten Richtung (132, 134) ist,
wobei die erste und zweite Richtung (132, 134) pa-
rallel zur zweiten Polarisationsachse (222) sind, und
die dritte Richtung (232) parallel zur ersten Polari-
sationsachse (122) ist.

Optische Maske zur Herstellung der Flissigkristall-
anzeigevorrichtung nach Anspruch 1 oder 2in einem
Photoalignment-Prozess, der Folgendes umfasst:

ein Einheitenmaskiermuster (810) zum Bilden
von Pretilt-Winkeln in einem Einheitspixel einer
Flussigkristallanzeigevorrichtung, wobei das
Einheitenmaskiermuster Folgendes umfasst:

einen im wesentlichen rechteckigen Um-
riss, der eine Lange und eine Breite auf-
weist, auf dem ein Nichtbestrahlungsteil-
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muster (820), ein Doméanengrenzbereichs-
muster (840) und ein Muster des ersten Be-
reichs (830), das rechteckige Umrisse auf-
weist, entlang der Langsrichtung des Ein-
heitenmaskiermusters in aufeinanderfol-
gender Reihenfolge angeordnet sind, und
unmittelbar benachbart zueinander in die-
ser Reihenfolge angeordnet sind, um eine
rechteckige Form des Einheitenmaskier-
musters zu bilden,

wobei das Domanengrenzbereichsmuster
(840) zwischen dem Nichtbestrahlungsteil-
muster (820) und dem Muster des ersten
Bereichs (830) positioniert ist,

wobei das Nichtbestrahlungsteilmuster
(820) ein erster lichtabweisender Bereich
ist, der sich auf einer Seite des Einheiten-
maskiermusters befindet und Licht vollstan-
dig abweist,

wobeidas Muster des ersten Bereichs (830)
einen ersten Lichtibertragungsbereich
(834) und einen zweiten lichtabweisenden
Bereich (832) umfasst und ein Ubertra-
gungsverhaltnis des ersten Bereichs auf-
weist, das sich aus dem Teilen einer Flache
des ersten Lichtlibertragungsbereichs
(834) durch eine Flache des Musters des
ersten Bereichs (830) ergibt,

wobei das Domanengrenzbereichsmuster
(840) einen zweiten Lichtibertragungsbe-
reich umfasst und ein Doméanengrenzbe-
reich-Ubertragungsverhéltnis aufweist, das
sich aus dem Teilen einer Flache des zwei-
ten Lichtibertragungsbereichs durch eine
Flache des Domanengrenzbereichsmus-
ters (840) ergibt, und

wobei das Ubertragungsverhaltnis des Do-
manengrenzbereichsmusters (840) groRer
als das Ubertragungsverhaltnis des Mus-
ters des ersten Bereichs (830) ist.

Maske nach Anspruch 3, wobei das Ubertragungs-
verhaltnis des Musters des ersten Bereichs (830)
eine Reichweite von 25 % bis 35 % aufweist.

Maske nach Anspruch 3, wobei das Doméanengrenz-
bereichsmuster (840) einen ersten Bestrahlungsteil
(842) und einen zweiten Bestrahlungsteil (848) auf-
weist, die benachbart zueinander sind, wobei Licht
durch den gesamten ersten Bestrahlungsteil (842)
Ubertragen wird und der zweite Bestrahlungsteil
(848) einen dritten lichtabweisenden Bereich (844)
umfasst, der sich darin befindet, und wobei der erste
Bestrahlungsteil (842) an das Nichtbestrahlungsteil-
muster (820) angrenzt und der zweite Bestrahlungs-
teil (848) an das Muster des ersten Bereichs (830)
angrenzt.
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Maske nach Anspruch 5, wobei die Breite des dritten
lichtabweisenden Bereichs (844) des zweiten Be-
strahlungsteils (848) gemessen entlang der Breiten-
richtung des Einheitenmaskiermusters (810) durch
einen vorbestimmten Messpunkt innerhalb des drit-
ten lichtabweisenden Bereichs (844) als lichtabwei-
senden Lange (LBL) gekennzeichnet ist, und wobei
die lichtabweisende Lange (LBL) mit wachsendem
Abstand des Messpunktes zu dem Grenzbereich
zwischen dem Doméanengrenzbereichsmuster (840)
und dem Muster des ersten Bereichs (830) abnimmt,
wobei der Abstand entlang der Langsrichtung des
Einheitenmaskiermusters (810) gemessen wird.

Maske nach Anspruch 6, wobei der dritte lichtabwei-
sende Bereich (844) des zweiten Bestrahlungsteils
(848) ein gleichschenkliges Dreieck ist, dessen Ba-
sis an das Muster des ersten Bereichs (830) an-
grenzt.

Maske nach Anspruch 6, wobei die Maske eine Viel-
zahl der Einheitenmaskiermuster (810) einschlieft,
die wiederholt in zueinander benachbarten Linien
entlang der Langsrichtung der Einheitenmaskier-
muster (810) angeordnet sind und konfiguriert ist,
um so in die Breitenrichtung der Einheitenmaskier-
muster (810) bewegt zu werden, dass die lichtab-
weisende Lange (LBL) des dritten lichtabweisenden
Bereichs (844) des Domanengrenzbereichsmusters
(840) parallel zu der Richtung (FW) ist, in die sich
die Maske bewegt.

Maske nach Anspruch 3, wobei die Breite des Do-
manengrenzbereichsmusters (840) gemessen ent-
lang der Langsrichtung des Einheitenmaskiermus-
ters (810) etwa 5 wm oder mehr betragt.

Maske aus Anspruch 9, wobei die Breite des Doma-
nengrenzbereichsmusters (840) gemessen entlang
der Langsrichtung des Einheitenmaskiermusters
(810) etwa 8 wm oder weniger betragt.

Revendications

1.

Panneau d’affichage a cristaux

comprenant :

liquides,

un pixel unitaire (400) comprenant :

un premier substrat (110) sur lequel est for-
mé un premier film d’alignement (130), un
deuxiéme substrat (210) sur lequel est for-
mé un deuxiéme film d’alignement (230),
les premier et deuxiéme films d’alignement
(130, 230) se faisant face, et une couche
de cristaux liquides (300), comportant des
molécules de cristal liquide, interposée en-
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tre le premier film d’alignement (130) et le
deuxieme film d’alignement (230) ;

dans lequel chaque film d’alignement (130,
230) est adapté a régler une préinclinaison
des molécules de cristal liquide de fagon
que les molécules de cristal liquide (LLC,
ULC) proches du film d’alignement soient
inclinées dans une direction spécifique par
rapport a la surface du film d’alignement
d’'un angle de préinclinaison qui est déter-
miné par rapport a la normale a la surface
du film d’alignement ; et

dans lequel le premier film d’alignement
(130) est adapté de fagon a définir un pre-
mier domaine (610) et un deuxieme domai-
ne (620) qui sont adjacents I'un a 'autre, et
une région limite de domaines a cheval sur
la limite entre les premier et deuxiéme do-
maines, la région limite de domaines in-
cluant une premiére région limite de domai-
nes (616) faisant partie du premier domaine
(610) et une deuxiéme région limite de do-
maines (626) faisant partie du deuxiéme do-
maine (620),

dans lequel les angles de préinclinaison a
proximité du premier fiim d’alignement
(130) dans les régions limites de domaines
(616, 626) sont plus grands que les angles
de préinclinaison a proximité du premier film
d’alignement (130) dans les autres régions
(614, 624) des premier et deuxieme domai-
nes (610, 620) ;

caractérisé en ce que

les molécules de cristal liquide proches du
film d’alignement (130) dans le premier do-
maine (610) incluant la premiére région li-
mite de domaines (616) sont inclinées dans
une premiére direction (132) et les molécu-
les de cristal liquide proches du film d’ali-
gnement (130) dans le deuxiéeme domaine
(620) incluant la deuxiéme région limite de
domaines (626) sont inclinées dans une
deuxieme direction (134) qui est opposée a
la premiére direction (132).

Panneau d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel le panneau d’affichage a
cristaux liquides comprend en outre un premier po-
lariseur (120) disposé sur le premier substrat (110)
et un deuxieme polariseur (220) disposé sur le
deuxieme substrat (122), les premier et deuxiéme
polariseurs (120; 220) ayant respectivement un pre-
mier axe de polarisation (122) et un deuxiéme axe
de polarisation (222) qui sont normaux I'un a l'autre,
et

dans lequel le deuxiéme film d’alignement (230) est
disposé de fagon que les molécules de cristal liquide
(ULC) proches du deuxieme film d’alignement (230)
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soient inclinées dans une troisieme direction (232)
qui est normale aux premiere et deuxieme directions
(132, 134),

les premiére et deuxieme directions (132, 134) étant
paralleles au deuxiéme axe de polarisation (222) et
la troisiéme direction (232) étant parallele au premier
axe de polarisation (122).

Masque optique pour fabriquer le panneau d’afficha-
ge a cristaux liquides selon la revendication 1 ou 2
dans un processus de photo-alignement,
comprenant :

un motif de masquage unitaire (810) pour former
des angles de préinclinaison dans un pixel uni-
taire d’'un panneau d’affichage a cristaux liqui-
des, le motif de masquage unitaire comprenant :

un contour sensiblement rectangulaire
ayantune certaine longueur et une certaine
largeur, sur lequel un motif de partie de non-
irradiation (820), un motif de région limite
de domaines (840) et un motif de premiére
région (830) ayant des contours rectangu-
laires sont disposés en séquence suivantla
direction de la longueur du motif de mas-
quage unitaire et disposés de fagon imme-
diatement adjacente les uns aux autres
dans cette séquence pour produire la forme
rectangulaire du motif de masquage unitai-
re,

dans lequel le motif de région limite de do-
maines (840) est positionné entre le motif
de partie de non-irradiation (820) et le motif
de premiére région (830),

dans lequel le motif de partie de non-irra-
diation (820) est une premiére région de blo-
cage de lumiére qui est située d’un cété du
motif de masquage unitaire et bloque com-
pletement la lumiére,

dans lequel le motif de premiére région
(830) comprend une premiére région de
transmission de lumiere (834) et une
deuxiéme région de blocage de lumiére
(832), et a un rapport de transmission de
premiére région qui est obtenu en divisant
une aire de la premiére région de transmis-
sion de lumiére (834) par une aire du motif
de premiére région (830),

dans lequel le motif de région limite de do-
maines (840) comprend une deuxiéme ré-
gion de transmission de lumiére et a un rap-
port de transmission de région limite de do-
maines qui est obtenu en divisant une aire
de la deuxiéme région de transmission de
lumiére par une aire du motif de région limite
de domaines (840), et

dans lequel le rapport de transmission du
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motif de région limite de domaines (840) est
supérieur au rapport de transmission du
motif de premiére région (830).

Masque selon la revendication 3, dans lequel le rap-
port de transmission du motif de premiére région
(830) est compris entre 25 % et 35 %.

Masque selon larevendication 3, dans lequel le motif
de région limite de domaines (840) a une premiére
partie d’irradiation (842) et une deuxieme partie d'ir-
radiation (848) qui sont adjacentes I'une a l'autre, la
lumiére est transmise a travers la totalité de la pre-
miére partie d’irradiation (842) et la deuxiéme partie
d’irradiation (848) comprend une troisieme région de
blocage de lumiére (844) positionnée a l'intérieur de
celle-ci, et

la premiere partie d’'irradiation (842) est contigué au
motif de partie de non-irradiation (820) et la deuxié-
me partie d’irradiation (848) est contigué au motif de
premiére région (830).

Masque selon la revendication 5, dans lequel la lar-
geur de la troisiéme région de blocage de lumiére
(844) de la deuxiéme partie d’irradiation (848), me-
surée suivant la direction de la largeur du motif de
masquage unitaire (810) a travers un point de me-
sure prédéterminé dans la troisieme région de blo-
cagedelumiere (844), est désignée comme une lon-
gueur de blocage de lumiere (LBL), et la longueur
de blocage de lumiére (LBL) diminue avec 'augmen-
tation de la distance du point de mesure a la limite
entre le motif de région limite de domaines (40) et le
motif de premiere région (830), la distance étant me-
surée suivant la direction de la longueur du motif de
masquage unitaire (810).

Masque selon la revendication 6, dans lequel la troi-
siéme région de blocage de lumiére (844) de la
deuxieme partie d’irradiation (848) est un triangle
isocele dont la base est contigué au motif de pre-
miére région (830).

Masque selonlarevendication 6, dans lequel le mas-
que comprend une pluralité de motifs de masquage
unitaires (810) disposés de fagon répétée dans des
lignes adjacentes suivant la direction de la longueur
des motifs de masquage unitaires (810) et est con-
figuré pour étre déplacé dans la direction de la lar-
geur des motifs de masquage unitaires (810), de sor-
te que la longueur de blocage de lumiere (LBL) de
la troisieme région de blocage de lumiére (844) du
motif de région limite de domaines (840) soit paral-
lele a la direction (FW) dans laquelle le masque se
déplace.

Masque selon la revendication 3, dans lequel la lar-
geur du motif de région limite de domaines (840),
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mesurée suivant la direction de la longueur du motif
de masquage unitaire (810), est d’environ 5 um ou
plus.

Masque selon la revendication 9, dans lequel la lar-
geur du motif de région limite de domaines (840),
mesurée suivant la direction de la longueur du motif
de masquage unitaire (810), est d’environ 8 um ou
moins.
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