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(57) ABSTRACT

A liquid crystal display device includes: a first substrate,
wherein a pixel region is defined by a gate line and a data
line, an electric field guide window is formed within the
pixel region, and a first alignment layer is formed on the first
substrate, the first alignment layer having a predetermined
number of domains aligned in different directions on the
pixel region; a second substrate facing the first substrate, and
having a dielectric rib spaced apart by a predetermined
distance from the electric field guide window, and a second
alignment layer having a predetermined number of domains
aligned in different directions; and a liquid crystal layer
interposed between the first and the second substrates.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display device, and more particularly, to a liquid crystal
display device and method for manufacturing the same,
capable of improving an aperture ratio and simplifying the
manufacturing process.

[0003] 2. Description of the Related Art

[0004] Liquid crystal display (LCD) devices have advan-
tageous characteristics such as low voltage operation, low
power consumption, a lightweight and slim profile, and full
color. Accordingly, LCD devices are widely used for display
windows of watches, in calculators, as computer monitors,
monitors having television receiving functions, television
sets, and hand-held terminals.

[0005] Currently, TN (Twisted Nematic) mode LCD
devices, which are widely used, have narrow viewing
angles. Accordingly, technologies for widening such a view-
ing angles are being studied. As an example of widening the
viewing angle, there exist an In Plane Switching (IPS) mode
LCD device and a Vertical Alignment (VA) mode LCD
device.

[0006] IPS mode LCD device widens the viewing angle by
forming a pixel electrode and a common electrode together,
on a thin film transistor (TFT) substrate. The liquid crystal
is operated by a lateral electric field in a horizontal direction.
However, IPS mode LCD devices have a problem in that
their aperture ratio is lowered due to their structural char-
acteristics.

[0007] VA mode LCD devices use a negative-type liquid
crystal having a negative (-) dielectric anisotropy. In such
devices, when a voltage is not applied, a longer axis direc-
tion of a liquid crystal molecule is arranged perpendicularly
with respect to a plane of an alignment layer, and when the
voltage is applied, the liquid crystal molecule is arranged in
parallel on the plane of the alignment layer. An image is
displayed by adjusting light transmittance using this prop-
erty.

[0008] VA mode LCD devices distorts the electric field
applied to the liquid crystal layer by forming, on the
substrate, an auxiliary electrode, an electric field guide
window, and a dielectric rib, and aligns a director of the
liquid crystal molecule using the distorted electric field,
thereby widening the viewing angle.

[0009] FIG. 1is a plan view of a unit pixel of a VA mode
LCD device according to the related art, and FIG. 2 is a
cross-sectional view taken along line I-I' of FIG. 1. Refer-
ring to FIGS. 1 and 2, the VA mode LCD device includes:
first and second substrates 1 and 2; a gate line 7 and a data
line 9 respectively formed in horizontal and vertical direc-
tions on the first substrate 1 to define a pixel region; a pixel
electrode 13 divided into a plurality of electrodes by an
electric field guide window 14 formed on the pixel region;
an auxiliary electrode 11 formed on the same layer as the
gate line 7; a gate insulating layer 3 formed on the first
substrate 1 including the gate line 7; a passivation layer 5
formed on the gate insulating layer 3 including the data line

1. Field of the Invention
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9; a black matrix layer 4 formed on the second substrate 2;
a color filter layer 6 formed on the second substrate 2
including the black matrix 4; a common electrode 8§ formed
on the color filter layer 6; a dielectric rib 10 formed on the
common electrode 8; a liquid crystal layer 20 interposed
between the first and the second substrates 1 and 2; a first
alignment layer 15 formed on the passivation layer 5 includ-
ing the pixel electrode 13; and a second alignment layer 12
formed on the common electrode 8.

[0010] The first and the second alignment layers 15 and 12
may be alignment-processed using a polyamide or polyim-
ide-based compound, Polyvinylalcohol (PVA), polyamic
acid and the like. Here, on any of the first and the second
alignment layers 15 and 12, a multi-domain that is align-
ment-processed in a plurality of directions, may be formed.
The LCD device that is alignment-processed in the multi-
domain in this manner is called a multi-domain vertical
alignment (MVA) mode LCD device. The VA mode LCD
device that will be described below denotes a MVA mode
LCD device.

[0011] In the VA mode LCD device according to the
related art, when an electric field is generated between the
pixel electrode 13 formed on the first substrate 1 and the
common electrode 8 formed on the second substrate 2, a
fringe field is formed by the electric field guide window 14
and the dielectric rib 10 so that the liquid crystals are aligned
differently depending on the fringe field, whereby the view-
ing angle is compensated in the sense that the alignment
angle or the direction of the liquid crystal molecules can be
controlled by using the voltage applied to the auxiliary
electrode 11 formed on the first electrode 1.

[0012] In the related art VA mode LCD device, to align
liquid crystal molecules at a desired direction by the fringe
field, an interval has to be kept between the electric field
guide window 14 and the dielectric rib 10 within 25 ym. The
narrow interval between the electric field guide window 14
and the dielectric rib 10 may cause drawbacks in that the
aperture ratio is deteriorated and a stable texture is hard to
obtain.

[0013] Inorder to form multi-domains in the related art VA
mode LCD device having the multi-domains, it is necessary
to provide masks corresponding to the number of the multi-
domains to be formed. A corresponding process related with
use of each of the masks is performed. For example, to form
a multi-domain aligned in four different directions, it is
necessary to provide four masks. The provided four masks
are respectively used in four processes such that multi-
domains each having four different alignment directions can
be formed. To this end, the number of the masks increases
in proportion to the increase of the number of the domains,
causing the manufacturing costs to be increased and the
manufacturing process to be complicated.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to an
LCD device and method for manufacturing the same that
substantially obviates one or more problems caused by
limitations and disadvantages of the related art.

[0015] An object of the present invention is to provide an
LCD device and method for manufacturing the same that
can improve an aperture ratio by increasing an interval
between an electric field guide window and a dielectric rib.
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[0016] Another object of the present invention is to pro-
vide an LCD device and method for manufacturing the same
that can simplify the manufacturing method by forming a
plurality of domains at the same time in a first alignment
layer or a second alignment layer.

[0017] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0018] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, there is provided an LCD
device including: a first substrate, wherein a pixel region is
defined by a gate line and a data line, an electric field guide
window is formed within the pixel region, and a first
alignment layer is formed on the first substrate, the first
alignment layer having a predetermined number of domains
aligned in different directions; a second substrate facing the
first substrate, and having a dielectric rib spaced apart by a
predetermined distance from the electric field guide window,
and a second alignment layer having a predetermined num-
ber of domains aligned in different directions; and a liquid
crystal layer interposed between the first and the second
substrates.

[0019] The first alignment layer may have at least two
domains, and the second alignment layer may have at least
two domains. Preferably, the domains formed in the first
alignment layer have different directions from those formed
in the second alignment layer.

[0020] Preferably, the dielectric rib is spaced apart by a
distance range of about 30-70 um from the electric field
guide window, so that aperture ratio can be improved.

[0021] According to another aspect of the present inven-
tion, there is provided a method for manufacturing an LCD
device, the method including: forming a first alignment layer
on a first substrate using a first mask, the first alignment
layer having a predetermined number of domains aligned in
different directions; forming a second alignment layer on a
second substrate using a second mask, the second alignment
layer having a predetermined number of domains aligned in
different directions; and attaching the first substrate and the
second substrate such that the first substrate faces the second
substrate.

[0022] The first alignment layer may be formed by irra-
diation using a 2-way unpolarized ultraviolet ray source that
provides a bi-directional unpolarized ultraviolet ray, and the
second alignment layer may be formed by irradiation using
a 2-way unpolarized ultraviolet ray source that provides a
bi-directional unpolarized ultraviolet ray.

[0023] Preferably, the first mask is the same as the second
mask. Thus, by forming the first and second alignment layers
using the same mask, manufacturing costs can be saved and
the manufacturing process can be simplified.

[0024] Tt is to be understood that both the foregoing
general description and the following detailed description of
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the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0026] FIG. 1 is a plan view of a unit pixel of a VA mode
LCD device according to the related art;

[0027] FIG. 2 is a cross-sectional view taken along the
line I-I' of FIG. 1;

[0028] FIG. 3 is a plan view of a unit pixel of a VA mode
LCD device according to a preferred exemplary embodi-
ment of the present invention,

[0029] FIG. 4 is a cross-sectional view taken along the
line II-II' of FIG. 3; and

[0030] FIGS. 5A and 5B are schematic views illustrating
forming of an alignment layer in a VA mode L.CD device
according to a preferred exemplary embodiment of the
present invention;

[0031] FIG. 6 is a schematic view illustrating a multi-
domain formed on a first substrate by the method of FIG.
5A;

[0032] FIG. 7 is a schematic view illustrating a multi-
domain formed on a second substrate by the method of FIG.
5B; and

[0033] FIG. 8 is a schematic view illustrating that sub-
strates having the multi-domains formed in FIGS. 6 and 7
are attached.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] Reference will now be made in detail to preferred
exemplary embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.

[0035] FIG. 3 is a plan view of a unit pixel of a VA mode
LCD device according to a preferred exemplary embodi-
ment of the present invention, and FIG. 4 is a cross-sectional
view taken along the line II-IT' of FIG. 3.

[0036] Referring to FIGS. 3 and 4, the VA mode LCD
device includes a first substrate 101, a second substrate 102
facing the first substrate 101, and a liquid crystal layer 120
interposed between the first substrate 101 and the second
substrate 102. The first substrate 101 includes a gate line 107
and a data line 109, which are respectively formed thereon
in a horizontal direction and a vertical direction to define a
pixel region, a pixel electrode 113 divided into two or more
electrodes by an electric field guide window 114 formed on
the pixel region, an auxiliary electrode 111 formed in the
same layer as the gate line 107, a gate insulating layer 103
formed on the first substrate 101 including the gate line 107,
and a passivation layer 105 formed on the gate insulating
layer 103 including the data line 109. The second substrate
102 includes a black matrix layer 104 formed on the second
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substrate 102, a color filter layer 106 formed on the second
substrate 102 including the black matrix layer 104, a com-
mon electrode 108 formed on the color filter layer 106, and
a dielectric rib 110 formed on the common electrode 108.
The first substrate 101 also includes a first alignment layer
115 in which at least two domains are aligned and formed in
the pixel region, and the second substrate 102 also includes
a second alignment layer 112 in which at least two domains
are aligned and formed in the pixel region.

[0037] Alternatively, the VA mode LCD device may fur-
ther include a phase difference film (not shown) formed on
an outer surface of any of the first substrate 101 and the
second substrate 102. The phase difference film compensates
for a viewing angle in the direction perpendicular to the
substrate and the direction according to the change of the
viewing angle, thereby enlarging the region having no gray
inversion and enhancing the contrast ratio in a diagonal
direction of the substrate. The phase difference film can be
formed of a negative uniaxial film having one optical axis or
a negative biaxial film having two optical axes. It is pref-
erable that the phase difference film is of the negative biaxial
film type to achieve this result over a wide viewing angle.

[0038] The VA mode LCD device according to the present
invention may further includes first and second polarizing
plates (not shown) formed on outer surfaces of the first and
second substrates 101 and 102. The first and second polar-
izing plates may be formed integrally with the phase differ-
ence film.

[0039] A plurality of dielectric ribs 110 are formed corre-
sponding to the plurality of pixel electrodes divided by the
electric field guide window 114. The permittivity of the
dielectric rib 110 is preferably the same as or less than that
of the liquid crystal of the liquid crystal layer. Also, the
dielectric rib 110 can be formed of a photosensitive material,
such as photoacrylate or Benzocyclobutene (BCB).

[0040] An interval between the dielectric rib 110 and the
electric field guide window 114 is preferably in a range of
about 30-70 um. More preferably, a distance between the
dielectric rib 110 and the electric field guide window 114
may be about 50 ym.

[0041] Thus, by increasing the interval between the dielec-
tric rib 110 and the electric field guide window 114 com-
pared with in the related art, the aperture ratio can be
improved.

[0042] Although not shown in the drawings, a thin film
transistor (TFT) functioning as a switching clement is
formed at a crossing point of the gate line 107 and the data
line 109 on the first substrate 101, and the pixel electrode
113 is connected with a drain electrode of the TFT.

[0043] In various exemplary embodiments, the liquid
crystal of the liquid crystal layer is doped with chiral dopant
such that liquid crystal molecules are aligned and optical
axes arc continuously formed when an electric filed is
applied to the liquid crystal. Also, in various exemplary
embodiments, the common e¢lectrode 108 is formed of
indium tin oxide (ITO).

[0044] In various exemplary embodiments, gate insulating
layer 103 and the passivation layer 105 may be formed of
materials such as BenzoCycloButene (BCB), acrylic resin,
polyamide compound, SiNx, SiOx or the like.
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[0045] Herein, the gate line 107, the data line 109, the
black matrix layer 102, the color filter layer 106 and the like
may be modified within a range that those skilled in the art
can embody with ease.

[0046] The pixel electrode 113 is divided into two or more
sub-pixel electrodes per unit pixel region by the electric field
guide window 114. In various exemplary embodiments, the

pixel electrode 113 may be formed of ITO or indium zinc
oxide (IZO).

[0047] As the number of the electric field guide windows
114 increases, display performances such as response rate,
driving voltage are enhanced, but at the same time the
aperture ratio is reduced. Accordingly, it is necessary to
properly adjust the number of the electric field guide win-
dows 114.

[0048] The first and second alignment layers 115 and 112
may be formed by a photo-aligning treatment using a
photo-reactive material such as polyvinylcinnamate-
(PVCN), polysiloxanecinnamate-(PSCN) or cellulosecin-
namate-(CelCN) based compound. At least two domains can
be aligned and formed in each of the first and second
alignment layers 115 and 112. For example, two domains
having different alignment directions can be formed in the
first alignment layer 115. Also, two domains having different
alignment directions can be formed in the second alignment
layer 112. Accordingly, at least four domains can be formed
in the first and second alignment layers 115 and 112. In
various exemplary embodiments, the four domains have
different alignment directions from one another. Although in
various exemplary embodiments of the present invention
two domains are formed in each of the first and second
alignment layers 115 and 112, more than two domains may
be formed if desired.

[0049] FIGS. 5A and 5B illustrate a method for forming
an alignment layer in a VA mode LCD device according to
a preferred exemplary embodiment of the present invention.

[0050] Referring to FIG. 5A, an alignment material is
formed on a first substrate 101 including a pixel electrode
113 formed thereon, and a bi-directional unpolarized ultra-
violet (UV) ray is irradiated onto the alignment material
using 2-way unpolarized UV light source 150 and a mask 60,
thereby forming a first alignment layer 115. The bi-direc-
tional unpolarized UV ray is directed in different directions.

[0051] The bidirectional unpolarized UV ray irradiates the
alignment material simultaneously while moving in a
selected direction along the first substrate 101, so that a first
alignment layer 115 having a first domain aligned in a first
direction and a second domain aligned in a second direction
is formed on the pixel region as shown in FIG. 6.

[0052] In the above case, when the photo-aligning treat-
ment is performed by simultaneous irradiation of the UV
rays, LC material pretilt angle, LC material alignment
direction and LC material pretilt direction are determined at
the same time.

[0053] Referring to FIG. 5B, an alignment material is
formed on a common electrode 108 of a second substrate
102, and a bi-directional unpolarized UV ray is irradiated
onto the alignment material using 2-way unpolarized UV
light source 150 and the mask 60, thereby forming a second
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alignment layer 112. The 2-way unpolarized UV light source
150 provides light rays directed in different directions.

[0054] As in forming the first alignment layer 115, the
same mask 60 is used in forming the second alignment layer
112, and the same bi-directional unpolarized UV ray is
irradiated, so that the second alignment layer 112 having a
third domain aligned in a third direction and a fourth domain
aligned in a fourth direction is formed on the pixel region as
shown in FIG. 7.

[0055] In other words, two domains are aligned and
formed in the first alignment layer 115 and two domains are
aligned and formed in the second alignment layer 112. As a
result, four domains are aligned and formed using the same
bi-directional unpolarized UV ray and the same mask 60. In
the related art, four processes using four different masks are
performed so as to form four domains. Hence, the method of
the related art increases the manufacturing costs due to the
increase of the number of the masks, and makes the align-
ment process complicated due to an increased of process
steps. Unlike in the related art, in the VA mode LCD device
according to the present invention, since two domains are
aligned and formed in the first alignment layer 115 and two
domains are aligned and formed in the second alignment
layer 112, a total of four domains are aligned and formed
using one mask, which enables costs to be saved and the
manufacturing process to be simplified.

[0056] FIG. 8 shows that substrates having multi-domains
shown in FIGS. 6 and 7 are attached.

[0057] Asshown in FIG. 8, the first substrate 101 in which
two domains are aligned and formed and the second sub-
strate 102 in which two domains are aligned and formed are
attached to each other facing each other. Because the first
substrate 101 and the second substrate 102 are attached such
that the two domains formed on the second substrate 102
face the two domains formed on the first substrate 101, the
four domains have different alignment directions.

[0058] As described above, according to the present
invention, by widening the interval between the electric field
guide window and the dielectric rib, the aperture ratio can be
improved.

[0059] Also, since at least two domains are formed in each
of the first and second alignment layers using one mask, total
four or more domains can be formed, thereby saving the
manufacturing costs and simplifying the manufacturing pro-
cess.

[0060] Further, because the first and second alignment
layers provide a pretilt to the LC material, more stable
texture can be realized.

[0061] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers modifications and variations of this inven-
tion provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:
1. A liquid crystal display device comprising:

a first substrate, wherein a pixel region is defined by a gate
line and a data line, an electric field guide window is
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formed within the pixel region, and a first alignment
layer is formed on the first substrate, the first alignment
layer having a predetermined number of domains
aligned in different directions;

a second substrate facing the first substrate, and having a
dielectric rib spaced apart by a predetermined distance
from the electric field guide window, and a second
alignment layer having a predetermined number of
domains aligned in different directions; and

a liquid crystal layer interposed between the first and the

second substrates.

2. The liquid crystal display device according to claim 1,
wherein the first alignment layer has at least two domains.

3. The liquid crystal display device according to claim 1,
wherein the second alignment layer has at least two
domains.

4. The liquid crystal display device according to claim 1
to claim 3, wherein the domains formed in the first align-
ment layer have different directions from those formed in the
second alignment layer.

5. The liquid crystal display device according to claim 1,
wherein the dielectric rib is spaced apart by a distance range
of about 30-70 um from the electric field guide window.

6. The liquid crystal display device according to claim 5,
wherein the pixel electrode formed on the pixel region is
divided into two or more pixel electrodes by the electric field
guide window.

7. The liquid crystal display device according to claim 1,
wherein the dielectric rib is spaced apart by a distance of
about 50 um from the electric field guide window.

8. The liquid crystal display device according to claim 1,
wherein the first substrate further comprises an auxiliary
electrode formed in the same layer as the gate line, for
controlling alignment direction of liquid crystal molecules
of the liquid crystal layer.

9. A method for manufacturing an LCD device, the
method comprising:

forming a first alignment layer on a first substrate using a
first mask, the first alignment layer having a predeter-
mined number of domains aligned in different direc-
tions;

forming a second alignment layer on a second substrate
using a second mask, the second alignment layer hav-
ing a predetermined number of domains aligned in
different directions; and

attaching the first substrate and the second substrate such

that the first substrate faces the second substrate.

10. The method according to claim 9, wherein the first
alignment layer is formed by irradiating bidirectional unpo-
larized ultraviolet ray.

11. The method according to claim 9, wherein the second
alignment layer is formed by irradiating bi-directional unpo-
larized ultraviolet ray.

12. The method according to claim 9, wherein the first
alignment layer has at least two aligned domains.

13. The method according to claim 9, wherein the second
alignment layer has at least two aligned domains.

14. The method according to claim 9, wherein the first
mask is the same as the second mask.
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