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7) ABSTRACT

A liquid crystal display device having a wide viewing angle
and a high aperture ratio. The present invention includes first
and second substrates, gate and data lines on the first
substrate to define at least one pixel region, a thin film
transistor formed at a crossing between the gate and data
lines. A pixel electrode is connected to the thin film tran-
sistor in the pixel region, the pixel electrode having a first
electric field inducing window. An auxiliary electrode is at
a position corresponding to the first electric field inducing
window. A black matrix layer is on the second substrate. A
color filter layer is on the black matrix layer. A common
electrode is on the color filter layer, the common electrode
having a second electric field inducing window or dielectric
protrusion at a position corresponding to an end portion of
the pixel electrode. A liquid crystal layer is between the first
and second substrates.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Application No. P2001-81870 filed on Dec. 20, 2001, which
is hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device having a wide viewing angle and a high
aperture ratio.

[0004] 2. Discussion of the Related Art

[0005] Generally, a liquid crystal display device includes
lower and upper substrates facing each other so as to leave
a predetermined interval from each other and a liquid crystal
layer formed between the lower and upper substrates. The
liquid crystal layer is driven by an electric field generated
between the lower and upper substrates. The liquid crystal
display displays an image by controlling light transmittance
through the driven liquid crystal layer.

[0006] The currently used liquid crystal layer is a twisted
nematic (TN) liquid crystal display device which has a
problem with varying the transmittance of light at each gray
level in accordance with a corresponding viewing angle.
Specifically, the light transmittance is distributed symmetri-
cally in right and left directions but asymmetrically in upper
and lower directions, whereby gray inversion is generated.

[0007] In order to overcome such a problem, a method is
proposed to compensate for the variation of light transmit-
tance in accordance with a corresponding viewing angle by
dividing a domain by differentiating a liquid crystal driven
in a pixel area.

[0008] A liquid crystal display device according to a
related art proposed for compensating a viewing angle is
explained by referring to the drawings as follows.

[0009] FIG. 1A illustrates a layout of a unit pixel of a
liquid crystal display device according to a related art.

[0010] FIG. 1B illustrates a cross-sectional view along a
cutting line I-I' in FIG. 1A.

[0011] Referring to FIG. 1A and FIG. 1B, a liquid crystal
display device according to a related art includes first and
second substrates 10 and 20, gate and data lines 16 and 18
formed on the first substrate 10 horizontally and vertically so
as to define at least one pixel area. A gate insulating layer 12
is formed on the gate line 16, and a passivation layer 14 is
formed on the data line 18. A pixel electrode 40 is formed
in the pixel area, and an auxiliary electrode 30 is formed on
a same layer of the data line 18 so as to be overlapped with
a circumference of the pixel electrode 40. A black matrix
layer 22 is on the second substrate 20. A color filter layer 24
and a common electrode 50 are formed on the color filter
layer 24 so as to have an electric field inducing window 52
inside. A liquid crystal layer (not shown in the drawing) is
between the first and second substrates 10 and 20.

[0012] Namely, when an electric field is generated
between the pixel and common electrodes 40 and 50 formed
on the first and second substrates 10 and 20, respectively, a
fringe field, represented by the dotted line in FIG. 1B is

1. Field of the Invention
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formed by the electric field formed inside the common
electrode 50. Liquid crystals of the liquid crystal layer at
both sides of the common electrode 50 centering around the
electric field inducing window 52 are aligned differently in
accordance with the fringe field. Thus, the liquid crystal
display device according to a related art compensates for the
varying transmittance of light corresponding to a viewing
angle.

[0013] Moreover, the auxiliary electrode 30 formed over
the circumference of the pixel electrode 40 reinforces the
fringe field so as to effectively drive the liquid crystals
located around the pixel electrode 40.

[0014] Yet, in the liquid crystal display device according
to the related art, the auxiliary electrode 30 formed around
the pixel electrode 40 is made of metal failing to transmit
light as well as leaving a predetermined interval from the
data line 18 so as to prevent short circuit with the data line
18. Hence, a width of the pixel electrode 40 is reduced to
decrease an aperture ratio, whereby brightness is reduced.

[0015] An additional task of increasing luminance of a
backlight is required for the application to a device, thereby
causing problems such as large power consumption and the
like.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to a
liquid crystal display device that substantially obviates one
or more problems due to limitations and disadvantages of
the related art.

[0017] An advantage of the present invention is to provide
a liquid crystal display device having a wide viewing angle
and a high aperture ratio.

[0018] Additional features and advantages of the inven-
tion will be set forth in part in the description which follows,
and in part will be apparent from the description, or may be
learned from practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0019] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
device according to the present invention includes first and
second substrates; gate and data lines on the first substrate to
define at least one pixel region; a thin film transistor at a
crossing between the gate and data lines; a pixel electrode
connected to the thin film transistor in the pixel region, the
pixel electrode having a first electric field inducing window;
an auxiliary electrode at a position corresponding to the first
electric field inducing window; a black matrix layer on the
second substrate; a color filter layer on the black matrix
layer; a common electrode on the color filter layer, the
common eclectrode having a second electric field inducing
window at a position corresponding to an end portion of the
pixel electrode; and a liquid crystal layer between the first
and second substrates.

[0020] In another aspect of the present invention, a liquid
crystal display device includes first and second substrates;
gate and data lines on the first substrate to define at least one
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pixel region; a thin film transistor at a crossing between the
gate and data lines; a pixel electrode connected to the thin
film transistor in the pixel region, the pixel electrode having
a first electric field inducing window; an auxiliary electrode
at a position corresponding to the first electric field inducing
window; a black matrix layer on the second substrate; a
color filter layer on the black matrix layer; a common
electrode on the color filter layer, the common electrode
having a dielectric protrusion at a position corresponding to
an end portion of the pixel electrode; and a liquid crystal
layer between the first and second substrates.

[0021] Namely, the liquid crystal display device according
to the present invention drives the liquid crystals in a varying
manner in that the electric field applied to the upper and
lower substrates is distorted by the electric field inducing
window inside the pixel electrode, common electrode, and
auxiliary electrode formed on the different layer, thereby
realizing a wide viewing angle.

[0022] Moreover, the auxiliary electrode is not formed
around the pixel electrode but the position corresponding to
the electric field inducing window, thereby securing a high
aperture ratio.

[0023] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0025]

[0026] FIG. 1A illustrates a layout of a unit pixel of a
liquid crystal display device according to a related art;

[0027] FIG. 1B illustrates a cross-sectional view along a
cutting line I-I' in FIG. 1A,

[0028] FIGS. 2A to 2C illustrate layouts of a unit pixel of
a liquid crystal display device according to an embodiment
of the present invention,

[0029] FIG. 3A and FIG. 3B illustrate cross-sectional
views along cutting lines II-II' in FIGS. 2A to 2C;

[0030] FIG. 4A and FIG. 4B illustrate a cross-sectional
graph and a simulation graph of a liquid crystal display
device according to a related art;

[0031] FIG. 5A and FIG. 5B illustrate a cross-sectional
graph and a simulation graph of a liquid crystal display
device according to the present invention,

[0032] FIGS. 6A to 6C illustrate cross-sectional views
of a liquid crystal display device according to the
present invention for showing various positions of a
second electric field inducing window; and

[0033] FIG. 7A and FIG. 7B illustrate cross-sectional
views according to another embodiment of the present
invention along cutting lines II-II' in FIGS., 2A to 2C.

In the drawings:

Jul. 10, 2003

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0034] Reference will now be made in detail to an embodi-
ment of the present invention, example of which is illus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0035]

[0036] FIGS. 2A to 2C illustrate layouts of a unit pixel of
a liquid crystal display device according to an embodiment
of the present invention.

[0037] FIG. 3A and FIG. 3B illustrate cross-sectional
views along cutting lines II-II' in FIGS. 2A to 2C.

[0038] Referring to FIGS. 2A to 2C, FIG. 3A, and FIG.
3B, a liquid crystal display device according to a first
embodiment of the present invention includes first and
second substrates 100 and 200 facing each other so as to
leave a predetermined interval from each other, gate and data
lines 160 and 180 formed on the first substrate 100 hori-
zontally and vertically so as to define at least one pixel
region, and a thin film transistor (not shown in the drawings)
formed at a crossing between the gate and data lines 160 and
180. A pixel electrode 400 is connected to the thin film
transistor in the pixel region so as to have a first electric field
inducing window 420 inside. An auxiliary electrode 300 is
formed at a same layer of the gate or data line 160 or 180 so
as to be formed at a position corresponding to the first
electric field inducing window 420. A gate insulating layer
120 is formed on an entire surface of the substrate including
the gate line 160. A passivation layer 140 is formed on an
entire surface of the substrate including the data line 180. A
black matrix layer 220 is formed on the second substrate so
as to correspond to portions of the first substrate 100 having
the gate line 160, data line 180, and thin film transistor
formed thereon. A color filter layer 240 is formed on the
black matrix layer 220. A common electrode 500 is formed
on the color filter later 240 so as to have a second electric
field inducing window 520 at a position corresponding to an
end portion of the pixel electrode 400. A liquid crystal layer
is formed between the first and second substrates 100 and
200.

[0039] The pixel electrode 400 has the first electric field
inducing window 420 formed inside. The first electric field
inducing window 420, as shown in FIG. 2A, can be formed
substantially straight in upper and lower directions at a
middle portion of the pixel electrode 400. Besides, the first
electric field inducing window 420, as shown in FIG. 2B or
FIG. 2C, can be formed substantially diagonally centering
around the middle portion of the pixel electrode 400. More-
over, The first electric field inducing window 420 can be
formed to have one of the shapes such as ‘+’, ‘x’, ‘zigzag’,
and the like. The first electric field inducing window 420
generates a fringe field to divide a domain, thereby realizing
a wide viewing angle.

[0040] Moreover, the pixel electrode 400, as shown in
FIG. 3A and FIG. 3B, is formed to be overlapped with the
data line 180 with a predetermined portion Ad, thereby
increasing an aperture ratio. In this case, the passivation
layer 140, which is formed to prevent signal interference
between the pixel electrode 400 and the data line 180, may

First Embodiment
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be formed of an organic insulating layer, such as benzocy-
clobutene (BCB) or photo-acryl having a low dielectric
constant.

[0041] Besides, when the pixel electrode 400 is formed to
be overlapped with the data line 180, the black matrix layer
220 can be formed over the data line 180 as well as the
overlapped portion with the pixel electrode 400 so as to
increase the aperture ratio.

[0042] The auxiliary electrode 300 reinforces the fringe
field. The auxiliary electrode 300 is formed to correspond to
the first electric field inducing window 420 as well as to
electrically connect to the common electrode 500. The
auxiliary electrode 300, as shown in FIG. 3A, can be formed
on the same layer of the data line 180. The auxiliary
electrode 300, as shown in FIG. 3B, can be formed at the
same layer of the gate line 160 or, the auxiliary electrode 300
can be formed on a third layer. In this case, when the
auxiliary electrode 300 is formed at the same layer of the
gate or data line 160 or 180, the auxiliary electrode 300 and
the gate or data line 160 or 180 can be formed simulta-
neously so as to simplify the process.

[0043] The auxiliary electrode 300 is formed with a mate-
rial unable to transmit light, thereby differentiating align-
ment directions of liquid crystals from each other centering
around the first electric field inducing window 420 as well
as reinforcing the fringe field when an electric field is
applied thereto. When disclination occurs, the auxiliary
electrode 300 prevents transmittance of light as well.

[0044] FIGS. 4A and 4B illustrates a cross-sectional
graph and a simulation graph of a liquid crystal display
device according to the related art.

[0045] If the first electric field inducing window 420, as
shown in FIG. 4A, is formed inside the pixel electrode 400
and the auxiliary electrode 300 is formed on a portion of a
layer which is different from the layer having the pixel
electrode 400, corresponding to the first electric field induc-
ing window 420, the fringe field is generated as represented
by the dotted line in the drawing. As a result of simulation
of the fringe field, as shown in FIG. 4B, the disclination is
generated from a portion “B” in FIG. 4B.

[0046] In order to overcome the problem shown in FIGS.
4A and 4B, the liquid crystal display device according to the
present invention forms the second electric field inducing
window 520 in the common electrode 500 formed on an
overcoat layer 260 at a position corresponding to an end
portion of the pixel electrode on the first substrate.

[0047] FIG. 5A illustrates a schematic cross-sectional
view of a liquid crystal display device according to the
present invention.

[0048] Specifically, the first electric field inducing window
420, as shown in FIG. 5A, is formed inside the pixel
electrode 400. The auxiliary electrode 300 is formed on a
portion corresponding to the first electric field inducing
window 420 in another layer failing to have the pixel
electrode 400 formed thereon. The common electrode 500
having the second electric field inducing window 520 is
formed at a position corresponding to both end portions of
the pixel electrode 400. In this case, a fringe field indicated
by the dotted line in the drawing is formed. As a result of
simulation, the disclination, as shown in FIG. 5B, fails to
oceur.
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[0049] 1In this case, the second electric field inducing
window 520 can be formed at a periphery of the end portion
of the pixel electrode 400 (as shown in FIG. 6A), toward the
pixel electrode from the end portion of the pixel electrode
400 (as shown in FIG. 6B), or to be overlapped with a
portion of the pixel electrode 400 (as shown in FIG. 6C).

[0050] The overcoat layer 260 protects the color filter
layer 240 as well as helps to form the electric field inducing
window. Yet, it is possible to skip the formation of the
overcoat layer. Besides, the gate line 160, data line 180, gate
insulating layer 120, black matrix layer 220, color filter layer
240, as shown 1n FIG. 3A and 3B.

[0051] The liquid crystal layer is formed with twisted
nematic (TN) liquid ecrystals. Although not shown in the
drawing, an alignment layer is formed on an entire surface
of at least one of the first and second substrates 100 and 200
so as to determine an initial alignment of the liquid crystal
layer.

[0052] Chiral dopant can be added to the liquid crystal
layer.
[0053] The alignment layer can be formed with a material

selected from the group consisting of polyamide based
compound, polyimide based compound, polyvinylalcohol
(PVA), polyamic acid, and the like by rubbing alignment
treatment. Instead, the alignment layer can be formed with
a photo-reactive material selected from the group consisting
of polyvinylcinnamate (PVCN), polysiloxanecinnamate
(PSCN), and cellulosecinnamate (CelCN) based compounds
by photo-alignment treatment.

[0054] In this case, the photo-alignment treatment under-
goes at least one light-irradiation so as to determine a pretilt
angle, an alignment direction, and a pretilt direction simul-
taneously. In this case, the light-irradiation is carried out
using ultraviolet (UV) rays regardless of non-polarization,
unpolarization, linear polarization, and partial polarization.

[0055]

[0056] FIG. 7A and FIG. 7B illustrate cross-sectional
views according to another embodiment of the present
invention along cutting lines II-II' in FIGS. 2A to 2C.

[0057] Referring to FIG. 7A and FIG. 7B, a liquid crystal
display according to a second embodiment of the present
invention does not form the second electric field inducing
window 520 inside the common electrode 500 to prevent the
generation of disclination in the first embodiment of the
present invention but forms a dielectric protrusion 540 on
the common electrode 500 so as to realize the same effect.

[0058] The dielectric protrusion 540 has a dielectric con-
stant equal to or smaller than that of the liquid crystals.
Moreover, the dielectric protrusion is formed on a photo-
sensitive material, such as photoacrylate or benzocy-
clobutene (BCB).

[0059] Moreover, the dielectric protrusion can be formed
at one of various positions like the second electric field
inducing window of the first embodiment of the present
invention. The rest of the elements are equivalent to those of
the above-explained first embodiment of the present inven-
tion as well as the same numerals are used in the description
of the second embodiment of the present invention.

Second Embodiment
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[0060] Accordingly, the above-constituted liquid crystal
display device according to the present invention has a
characteristic of high aperture ratio as well as wide viewing
angle, thereby increasing brightness thereof. Therefore, the
present invention saves additional cost by realizing high
brightness.

[0061] Moreover, the present invention forms the auxil-
iary electrode on the same layer of the data or gate line by
the same process, thereby reducing the number of processes.

[0062] Besides, the present invention forms the auxiliary
electrode considerably apart from the data or gate line,
thereby excluding electrical interference completely.

[0063] Tt will be apparent to those skilled in the art than
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

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

first and second substrates;

gate and data lines on the first substrate to define at least
one pixel region;

a thin film transistor at a crossing between the gate and
data lines;

a pixel electrode connected to the thin film transistor in
the pixel region, the pixel electrode having a first
electric field inducing window;

an auxiliary electrode at a position corresponding to the
first electric field inducing window;

a black matrix layer on the second substrate;
a color filter layer on the black matrix layer;

a common electrode on the color filter layer, the common
electrode having a second electric field inducing win-
dow at a position corresponding to an end portion of the
pixel electrode; and

a liquid crystal layer between the first and second sub-

strates.

2. The device of claim 1, further comprising a passivation
layer under the pixel electrode.

3. The device of claim 2, wherein the passivation layer is
formed of an organic insulating layer.

4. The device of claim 1, wherein the pixel electrode is
overlapped with the data line.

5. The device of claim 4, wherein the black matrix layer
is overlapped with another portion of the data line except the
overlapped portion between the data line and pixel elec-
trode.

6. The device of claim 1, wherein the auxiliary electrode
is formed at a same layer of the gate or data line.

7. The device of claim 1, wherein the second electric field
inducing window is overlapped with the pixel electrode.
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8. The device of claim 1, wherein the second electric field
inducing window is at an area corresponding inward from
the end portion of the pixel electrode.

9. The device of claim 1, wherein the second electric field
inducing window is at an area corresponding outward from
the end portion of the pixel electrode.

10. The device of claim 1, wherein the liquid crystal layer
includes twisted nematic liquid crystals.

11. The device of claim 1, further comprising an align-
ment layer on at least one of the first and second substrates.

12. A liquid crystal display device comprising:

first and second substrates;

gate and data lines on the first substrate to define at least
one pixel region;

a thin film transistor at a crossing between the gate and
data lines;

a pixel electrode connected to the thin film transistor in
the pixel region, the pixel electrode having a first
electric field inducing window;

an auxiliary electrode at a position corresponding to the
first electric field inducing window;

a black matrix layer on the second substrate;
a color filter layer on the black matrix layer;

a common electrode on the color filter layer, the common
electrode having a dielectric protrusion at a position
corresponding to an end portion of the pixel electrode;
and

a liquid crystal layer between the first and second sub-

strates.

13. The device of claim 12, further comprising a passi-
vation layer under the pixel electrode.

14. The device, of claim 13, wherein the passivation layer
is formed of an organic insulating layer.

15. The device of claim 12, wherein the pixel electrode is
overlapped with the data line.

16. The device of claim 15, wherein the black matrix layer
is overlapped with another portion of the data line except the
overlapped portion between the data line and pixel elec-
trode.

17. The device of claim 12, wherein the auxiliary elec-
trode is formed at a same layer of the gate or data line.

18. The device of claim 12, wherein the dielectric pro-
trusion is overlapped with a predetermined portion of the
pixel electrode.

19. The device of claim 12, wherein the dielectric pro-
trusion is formed at an area corresponding inward from the
end portion of the pixel electrode.

20. The device of claim 12, wherein the dielectric pro-
trusion is formed at an area corresponding outward from the
end portion of the pixel electrode.

21. The device of claim 12, wherein the liquid crystal
layer includes twisted nematic liquid crystals.

22. The device of claim 12, further comprising an align-
ment layer on at least one of the first and second substrates.
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