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1
LIQUID CRYSTAL DISPLAY DEVICE

This application is a Divisional of U.S. patent application
Ser. No. 10/676,252, filed Oct. 2, 2003 now U.S. Pat. No.
7,119,869 and claims the benefit of the Korean Patent Appli-
cation No. P2002-063116 filed on Oct. 16, 2002, both of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly, to a liquid crystal display
device employing an organic insulating layer. Although the
present invention is suitable for a wide scope of applications,
itis particularly suitable for increasing an aperture ratio of the
liquid crystal display device.

2. Discussion of the Related Art

Recently, with the advent of the information age, a display
field for processing and displaying mass information has been
developed. Until recently, cathode-ray tubes (CRT) have been
the main stream of display device and have been developed
continuously.

Meanwhile, a flat panel display is increasingly in demand
so as to meet the requirements of compact size, lightweight,
low power consumption, and the like. Accordingly, a thin film
transistor-liquid crystal display (hereinafter, referred to as
TFT-LCD) having an excellent color reproduction and a slim
size has been developed.

The operation of a TFT-LCD will be described below. If a
selected pixel is switched by a thin film transistor, the
switched pixel can adjust the amount of light transmission of
a lower light source.

An amorphous silicon thin film transistor (a-Si:H TFT)
having a semiconductor layer formed of amorphous silicon is
usually used as a switching device. This is because the amor-
phous silicon thin film can be formed at a low temperature on
a large-sized insulating substrate, such as a glass substrate.

In the TFT-LCD that is widely used, a backlight unit dis-
posed at a lower portion of the panel has employed a method
of displaying images by using the light emitted from the
backlight unit.

However, the TFT-LCD is a very inefficient optical modu-
lator because it transmits only 3% to 8% of the light that is
emitted from the backlight unit.

For example, when the transmittance of two polarizing
plates is 45%, the transmittance of two glasses is 94%, the
transmittance of a TFT array and a pixel is about 65%, and the
transmittance of a color filter is about 27%, the transmittance
of the TFT-LCD would be about 7.4%.

FIG. 1 is a plane view of a pixel structure of a related art
liquid crystal display device provided.

Referring to FIG. 1, a plurality of gate bus lines 1 and data
bus lines 3a and 3b perpendicularly cross one another on a
transparent insulating substrate and defining a plurality of
unit pixel regions.

A switching thin film transistor (hereinafter, referred to as
TFT) including a gate electrode 7, a source electrode 5a, and
adrain electrode 55 is arranged on a region where the gate bus
line 1 and the data bus lines 3a and 35 perpendicularly cross
one another. A pixel electrode 9« is contacted with the drain
electrode 56 of the TFT and parallel with the data bus lines 3a
and 3 is arranged on the unit pixel region.

In order to increase an aperture ratio, the pixel electrode 9a
overlaps predetermined portions of the left and right data bus
lines 3a and 35 defining the unit pixel region.
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A process of driving the LCD with the pixel electrode 9a
formed to increase an aperture ratio will be described below.

Ifadriving signal is applied through the gate bus line 1, the
TFT arranged in the unit pixel region is turned on. At this
point, a graphic signal applied through the data bus line 3a is
transferred to the pixel electrode 9a through the TFT.

An electric field is generated due to the graphic signal
applied to the pixel electrode 9a. The electric field causes the
liquid crystal molecules of the liquid crystal molecules to be
twisted. Also, due to the electric field, the transmittance pro-
gressed from the backlight is adjusted to reproduce R, G, and
B colors.

FIG. 2 is aplane view ofa color filter structure of the related
art liquid crystal display device.

Referring to FIG. 2, a black matrix 15 formed on the color
filter substrate defines the unit pixel regions, and R, G, and B
color filter layers 10 are formed on each unit pixel region,
respectively. Here, the black matrix 15 is formed by pattern-
ing a chrome metal layer so as to arrange the black matrix to
correspond to the unit pixel of the array substrate.

In the black matrix 15, a non-transmission region or a
disclination region of the unit pixel region formed on the array
substrate is isolated and patterned so as to reproduce R, G, and
B colors.

As described above, the black matrix 15 defines a space for
the color filter layer on the color filter substrate so as to
arrange the black matrix 15 to correspond to the unit pixels of
the array substrate. Then, the R, G, and B color filter layers 10
are formed on the unit pixel region.

In order to isolate the non-transmission region and the light
leakage occurrence region, which are arranged at the umt
pixel region of the array substrate, the black matrix 15 blocks
each intersection between the gate bus line and the data bus
line and the region corresponding to the TFT region.

FIG. 3 is a cross-sectional view of the pixel structure of the
related art liquid crystal display device.

Referring to FIG. 3, the R, G, and B color filter layers 10 are
arranged on the color filter substrate, and the gate bus line, the
data bus line 13, and the switching TFT are arranged on the
array substrate. The color filter substrate and the array sub-
strate are attached to each other, so that the liquid crystal layer
18 is interposed therebetween.

As shown in FIG. 3, the black matrix 15 arranged on the
color filter substrate and the R, G, and B color filter layer 10
correspond to the pixel electrodes 154 and 155 and the data
bus lines 13, respectively.

In order to increase an aperture ratio, an organic insulating
layer 14 is used, and the pixel electrodes 154 and 155
arranged on the unit pixel region of the array substrate overlap
predetermined portions ‘a’ and ‘b’ of the data bus lines 13.

Additionally, the black matrix 15 arranged on the color
filter substrate has a width overlapping the data bus lines 13
formed on the array substrate.

As shown in FIG. 3, in order to increase an aperture ratio,
a desirable width of the pixel electrode 15a arranged on the
array substrate overlaps the data bus line 13 disposed at a
boundary region of the unit pixel together with an adjacent
pixel electrode 155. On the other hand, the pixel electrode 154
of the pixel region having the TFTs arranged along the data
bus lines 13 overlaps a much wider area of the pixel electrode
155 connected with the TFT of the adjacent data bus line 13.

However, in such an LCD device employing the organic
insulating layer to enhance the aperture ratio, a light leakage
occurs at a banding edge portion and a pixel edge portion due
to an abnormal alignment of liquid crystals, resulting in a
disclination. Here, the banding edge portion and the pixel
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edge portion overlap the gate bus line and the data bus line due
to the expansion of the pixel electrode.

Additionally, although the overlapping regions are formed
only between the TFT of the array substrate and the data bus
line and between the gate bus line and the pixel electrodes so
as to increase an aperture ratio, the use of the organic insu-
lating layer causes a light leakage due to a variation of the cell
gap.

Further, since the overlapping region is determined while
taking only the TFT of the array substrate into consideration,
alight leakage may be caused due to a movement of the upper
black matrix according to a variation of attachments between
the upper and lower substrates.

As described above, the width of the black matrix is
expanded so as to prevent a light leakage. However, this
causes a problem of reducing an aperture ratio.

SUMMARY OF THE INVENTION

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

Another object of the present invention is to provide a
liquid crystal display device in which a light leakage occur-
ring at edge portions of pixel regions is prevented without
expanding a width of a black matrix by appropriately over-
lapping pixel electrodes of unit pixel regions with data bus
lines, gate bus lines, and TFTs.

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

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 includes a
color filter substrate having a black matrix, and color filter
layers formed at a designated region determined by the black
matrix, an array substrate having a gate bus line and a data bus
line crossing perpendicularly and defining a unit pixel region,
athin film transistor arranged at an intersection of the gate bus
line and the data bus line, a pixel electrode contacting a drain
electrode of the thin film transistor and vertically overlapping
portions ofthe gate bus line, the data bus line, an adjacent gate
bus line, and an adjacent data bus line, and an organic insu-
lating layer on the pixel electrode and the thin film transistor,
wherein a surface of the array substrate is rubbed in a 315
degree direction, and a liquid crystal layer between the array
substrate and the color filter substrate.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1is a plane view of a pixel structure of the related art
liquid crystal display device;
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FIG. 2 is a plane view of a color filter structure of a related
art liquid crystal display device;

FIG. 3 is a cross-sectional view of the pixel structure of the
related art liquid crystal display device;

FIG. 4 is a plane view of a pixel structure of a liquid crystal
display device according to the present invention;

FIG. 5 is a plane view of the liquid crystal display device
according to the present invention; and

FIG. 6 is a cross-sectional view of the pixel structure of the
liquid crystal display device according to the present inven-
tion.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to the illustrated
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

FIG. 4 is a plane view of a pixel structure of a liquid crystal
display device according to the present invention.

As shown in FIG. 4, a plurality of gate bus lines 21 and data
bus lines 23a and 235 perpendicularly cross one another on a
transparent insulating substrate and define a plurality of pixel
regions arranged in a matrix form.

A description ofthe pixel structure according to the present
invention will be focused on a unit pixel region for simplicity.
Herein, the gate bus line 21 and the data bus line 23q defining
the corresponding unit pixel regions are represented by the
Nth gate bus line (Gn:21) and the Nth data bus line (Dn:23a),
respectively.

An adjacent gate bus line is represented by the (N-1)th gate
bus line (Gn-1), which is disposed at an upper portion of the
gate bus line 21, and an adjacent data bus line is represented
by the (N+1)th data bus line 235.

A switching TFT including a gate electrode 27, a source
electrode 254, and a drain electrode 254 is arranged on the
region in which the gate bus line (Gn:21) and the data bus line
(Dn:23) of the unit pixel region cross one another. A pixel
electrode 29 is contacted with the drain electrode of the TFT
and overlaps the entire region of the unit pixel and portions of
the gate bus line (Gn:21), the data bus line (Dn:23q), the
adjacent gate bus line (Gn~-1), and the adjacent data bus line
(Dn+1:235).

At this time, the gate electrode 27 of the TFT is formed to
protrude from the gate bus line (Gn:21), and the data bus line
23a is formed on the same layer as the source and drain
electrodes 254 and 256 of the TFT.

An organic insulating layer is formed on the array substrate
on which the TFT and the data bus line 23« are formed. The
pixel electrode 29a formed of a transparent metal, such as
ITO, is disposed on the organic insulating layer.

Accordingly, the pixel electrode 29a, the gate bus line 21,
and the data bus line 23a overlap one another in vertical
directions.

Herein, the overlapping widths between the pixel electrode
294 and the gate bus lines 21 and between the pixel electrode
and the data bus lines 23a and 235 will be described as
follows.

The pixel electrode 29a is disposed on upper portions of the
data bus line (Dn:23a) and the adjacent data bus line (Dn+1:
23b). Herein, an overlapping width “a” between the pixel
electrode 294 and the data bus line (Dn:23¢) is in the range of
about 3 to 5 micrometers (um), and an overlapping width “b”
between the pixel electrode 29¢ and the adjacent data bus
(Dn+1:235) is in the range of about 0 to 2 micrometers (um).
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Additionally, the pixel electrode 294 and the adjacent pixel
electrode 295 are disposed on an upper portion of the gate bus
line (Gn:21). Herein, an overlapping width “c” between the
pixel electrode 29a and the gate bus line (Gn:21) is in the
range of about 2 to 4 micrometers (um), and an overlapping
width “d” between the adjacent pixel electrode 295 and the
gate bus line (Gn:21) is in the range of about 4 to 6 microme-
ters (um). Accordingly, it is possible to prevent a light leakage
from occurring at edge portions of the pixel regions.

When setting the overlapping widths between the pixel
electrode 294 and the gate bus lines 21 and between the pixel
electrode and the data bus lines 23a and 235, the uppermost
surface of the array substrate should be rubbed in the 315
degree direction. In this case, liquid crystals interposed
between the array substrate and the color filter substrate are
twisted in the —90 degree direction, when an electric filed is
applied thereto. FIG. 5 is a plane view of a color filter struc-
ture according to the present invention.

Referring to FIG. 5, in a structure of a black matrix 35
formed on a color filter 30 corresponding to the pixel region
of the array substrate, a width of the black matrix 35 corre-
sponding to a region of the gate bus line (Gn) arranged on the
pixel region is equal to or less than half of the width of the gate
busline (Gn), or the black matrix 35 corresponding to the gate
bus line may be removed. Also, a width of the black matrix 35
corresponding to the data bus line formed on the array sub-
strate can be reduced to a width equal to or less than halfofthe
width of the data bus line, thereby increasing an aperture
ratio.

The dotted line of FIG. 5 represents a region, shown in FIG.
2, in which the black matrix is formed. As a result, according
to the present invention, the region of the black matrix with
respect to the respective pixel regions is reduced, such that an
aperture ratio is increased as described above.

According to another embodiment of the present invention,
an uppermost surface of the array substrate is rubbed in the
225 degree direction. In this case, liquid crystals interpose
between the array substrate and the color filter substrate are
twisted in the +90 degree direction, when applying an electric
field is applied thereto.

In case of rubbing the uppermost surface of the array sub-
strate in the above-described direction, the overlapping
widths “a” and “b” between the pixel electrode 29a and the
data bus lines 23a and 235 are opposite to widths rubbed in the
315 degree direction. In other words, the overlapping width
“a” between the pixel electrode 29a and the data bus line
(Dn:23a)is in the range of about 0 to 2 micrometers (), and
the overlapping width “B” between the pixel electrode and
the adjacent data bus line (Dn+1:235) is in the range of about
3 to 5 micrometers (um).

At this time, an overlapping width “c” between the pixel
electrode 29q and the gate bus line (Gn:21) is in the range of
about 2 to 4 micrometers (um), and an overlapping width “d”
between the adjacent pixel electrode 295 and the gate bus line
(Gn:21) is in the range of about 4 to 6 micrometers (um).
Additionally, as shown in FIG. 5, in the black matrix 35
formed on the color filter 30 corresponding to the array sub-
strate, the width of the black matrix 35 corresponding to the
gate bus line (Gn) disposed in the pixel region formed on the
array substrate is equal to or less than half of the width of the
gate bus line (Gn), or the black matrix corresponding to the
gate bus line can be removed. Additionally, the width of the
black matrix corresponding to the data bus is equal to or less
than half of the width of the data bus. Thus, the pixel structure
of the present invention increases an aperture ratio.
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FIG. 6 is a cross-sectional view of the pixel structure of the
liquid crystal display device according to the present inven-
tion.

Referring to FIG. 6, the gate bus line, the TFT, and the data
bus line 33 are formed on the transparent insulating substrate,
and the organic insulating layer 34 is formed on the array
substrate on which the data bus line 33 and the TFT are
formed.

The color filter substrate is arranged on the upper surface to
correspond to the array substrate. The black matrix 35 and the
color filter layer 30 are formed on the transparent insulating
substrate to correspond to the unit pixels formed on the array
substrate.

A pixel electrode 35¢ is formed to overlap the data bus line
33. The overlapping width “a” between the pixel electrode
35a and the data bus line 33 is different from the overlapping
width “b” between the adjacent pixel electrode 35a and the
data bus line 33.

The overlapping width “a” between the pixel electrode 35a
and the data bus line 33 is in the range of about 3 to §
micrometers (um) or in the range of about 0 to 2 micrometers
(um) according to the rubbing direction of the liquid crystal
molecules disposed in the array substrate. The overlapping
width “b” between the adjacent pixel electrode 355 and the
data bus line 33 is in the range of about 0 to 2 micrometers
(um) or in the range of about 3 to 5 micrometers (um) accord-
ing to the rubbing direction of the liquid crystal molecules
disposed in the array substrate.

In other words, according to the rubbing direction, if the
overlapping width “a” is in the range of about 3 to 5 microme-
ters (um), the overlapping width “b” is in the range of about 0
to 2 micrometers (um). If the overlapping width “a” is in the
range of about 0 to 2 micrometers (um), the overlapping width
“b” is in the range of about 3 to 5 micrometers (um). In more
detail, in the case of rubbing the uppermost surface of the
array substrate in the 315 degree direction, the overlapping
width “a” 1s in the range of about 3 to 5 micrometers (um), and
the overlapping width “b” is in the range of about 0 to 2
micrometers (um). In the case of rubbing the uppermost sur-
face of the array substrate in the 225 degree direction, the
overlapping width “a” is in the range of about 0 to 2 microme-
ters (um), and the overlapping width “b” is in the range of
about 3 to 5 micrometers (um).

A method for increasing an aperture ratio of the LCD
according to the present invention will be described as fol-
lows. As described above, according to the method of the
present invention, since an organic insulating layer is used,
the pixel electrode 35a is expanded, so that the adjacent gate
bus lines can be formed to overlap the data bus lines 33.

First, the gate electrode and the gate bus line are formed on
the transparent insulating substrate. Then, a gate insulating
layer, a channel layer, an ohmic contact layer, and a source/
drain electrode are formed thereon. Subsequently, a TFT and
a data bus line are formed.

An organic insulating layer is formed on the insulating
substrate including the TFT having a thickness of about 2.5 to
3 micrometers (um).

Here, a refractive index of the organic insulating layer is in
the range of about 1.5 to 1.6, and a dielectric constant of the
organic insulating layer is in the range of about 3.3 to 3.5.

The refractive index and the dielectric constant are specific
values required to prevent a light leakage occurring at edge
portions of the pixel regions due to the expansion of the pixel
electrode on the unit pixel region.

Then, a metal layer such as ITO is deposited on the insu-
lating substrate on which the organic insulating layer, and the
metal layer is etched to form the pixel electrode overlapping
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predetermined portions of the gate bus line, the data bus line,
the adjacent gate bus line, and the adjacent data bus line,
thereby defining the pixel region.

Accordingly, the present invention can reduce an aperture
ratio and prevent a light leakage by overlapping the pixel
electrode and the predetermined portions of the gate bus lines
and the data bus lines.

Further, due to the expansion of the pixel electrode, an
aperture ratio is not reduced by narrowing the width of the
black matrix, formed on the color filter to prevent a light
leakage.

As described above, the present invention can increase an
aperture ratio by overlapping the pixel electrode and portions
ofthe gate bus lines and the data bus lines, which surround the
unit pixels.

Further, by controlling the overlapped portion of the pixel
electrode, the present invention can reduce the width of the
black matrix formed on the color filter substrate in order to
prevent a light leakage.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the liquid crystal
display device of the present invention without departing
from the spirit or scope of the inventions. Thus, it is intended
that the present invention covers the modifications and varia-
tions of this invention provided they come within the scope of
the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

acolor filter substrate having a black matrix, and color filter

layers at a designated region determined by the black
matrix;

an array substrate having a gate bus line and a data bus line

crossing perpendicularly and defining a unit pixel
region, a thin film transistor arranged at an intersection
ofthe gate bus line and the data bus line, a pixel electrode
contacting a drain electrode of the thin film transistor
and vertically overlapping portions of the gate bus line,
the data bus line, an adjacent gate bus line, and an adja-
cent data bus line, wherein the pixel electrode and the
gate bus line have an overlapping width in a range of
about 2 to 4 micrometers (um), and the pixel electrode
and the adjacent gate bus line have an overlapping width
in a range of about 4 to 6 micrometers (um);

an organic insulating layer on the pixel electrode and the

thin film transistor, wherein a surface of the array sub-
strate is rubbed in a 225 degree direction; and

aliquid crystal layer including a liquid crystals between the

array substrate and the color filter substrate,

wherein the liquid crystals at the surface of the color filter

substrate are twisted in the 90 degree direction, when
applying an electric field is applied thereto,

wherein the overlapping width between the gate bus line

and the pixel electrode and the overlapping width
between the adjacent gate bus line and the pixel elec-
trode are different,

wherein the black matrix corresponding to a region of the

gate bus line is formed having a width equal to or less
than half of the width of the gate bus line, and

wherein the pixel electrode is not overlapped a source

electrode of the thin film transistor.

2. The liquid crystal display device of claim 1, wherein the
black matrix corresponding to a region of the data bus line is
formed having a width equal to or less than half of the width
of the data bus line.

3. The liquid crvstal display device of claim 1, wherein the
organic insulating layer has a thickness of about 2.5 to 3
micrometers (ium).
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4. The liquid crystal display device of claim 1, wherein the
organic insulating layer has a reflective index in a range of
about 1.5 to 1.6.

5. The liquid crystal display device of claim 1, wherein the
organic insulating layer has a dielectric constant in a range of
about 3.3 t0 3.5.

6. A liquid crystal display device, comprising:

acolor filter substrate having a black matrix, and color filter

layers at a designated region determined by the black
matrix;
an array substrate having a gate bus line and a data bus line
crossing perpendicularly and defining a unit pixel
region, a thin film transistor arranged at an intersection
of the gate bus line and the data bus line, a pixel electrode
contacting a drain electrode of the thin film transistor
and vertically overlapping portions of the gate bus line,
the data bus line, an adjacent gate bus line, and an adja-
cent data bus line, wherein the pixel electrode and the
data bus line have an overlapping width in a range of
about 0 to 2 micrometers (um), and the pixel electrode
and the adjacent data bus line have an overlapping width
in a range of about 3 to S micrometers (um), wherein the
pixel electrode and the gate bus line have an overlapping
width in a range of about 2 to 4 micrometers (um), and
the pixel electrode and the adjacent gate bus line have an
overlapping width in a range of about 4 to 6 micrometers
(um);

an organic insulating layer on the pixel electrode and the
thin film transistor, wherein a surface of the array sub-
strate is rubbed in a 225 degree direction; and

aliquid crystal layer including a liquid crystals between the

array substrate and the color filter substrate,
wherein the liquid crystals at the surface of the color filter
substrate are twisted in the 90 degree direction, when
applying an electric field is applied thereto, and

wherein the pixel electrode is not overlapped a source
electrode of the thin film transistor.

7. A liquid crystal display device, comprising:

acolor filter substrate having a black matrix, and color filter

layers at a designated region determined by the black
matrix;
an array substrate having a gate bus line and a data bus line
crossing perpendicularly and defining a unit pixel
region, a thin film transistor arranged at an intersection
of the gate bus line and the data bus line, a pixel electrode
contacting a drain electrode of the thin film transistor
and vertically overlapping portions of the gate bus line,
the data bus line, an adjacent gate bus line, and an adja-
cent data bus line, wherein the pixel electrode and the
gate bus line have an overlapping width in a range of
about 2 to 4 micrometers (um), and the pixel electrode
and the adjacent gate bus line have an overlapping width
in a range of about 4 to 6 micrometers (Lm);

an organic insulating layer on the pixel electrode and the
thin film transistor, wherein a surface of the array sub-
strate is rubbed in a 225 degree direction; and

aliquid crystal layer including a liquid crystals between the

array substrate and the color filter substrate,
wherein the liquid crystals at the surface of the color filter
substrate are twisted in the 90 degree direction, when
applying an electric field is applied thereto, and

wherein the pixel electrode is not overlapped a source
electrode of the thin film transistor.

8. The liquid crystal display device of claim 7, wherein the
overlapping width between the data bus line and the pixel
electrode and the overlapping width between the adjacent
data bus line and the pixel electrode are different.
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