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7) ABSTRACT

A liquid crystal display device includes a first substrate and a
second substrate; a gate line and a data line on the first sub-
strate crossing each other to define a pixel region; a switching
element in the pixel region; a black matrix formed along the
gate line and the data line on the first substrate, the black
matrix having a portion that covers an upper side of the gate
line and extends into the pixel region; a color filter located at
the pixel region; a common electrode and a pixel electrode
located on the color filter for generating an electric field
within the pixel region; and a liquid crystal layer formed
between the first and second substrates.

18 Claims, 6 Drawing Sheets
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FIG. 6B
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IN-PLANE SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE AND
FABRICATION METHOD THEREOF

This Nonprovisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 10-2005-0021134
filed in Korea on Mar. 14, 2005, the entire contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an in-plane switching
mode liquid crystal display (LCD) device capable of enhanc-
ing anaperture ratio and effectively preventing alight leakage
phenomenon, and its fabrication method.

2. Description of the Related Art

A twisted nematic mode LCD device, which is commonly
used for a high picture quality and low power consumption
flat panel display device, has a disadvantage in that its view-
ing angle is too narrow. This results from a refractive anisot-
ropy of liquid crystal molecules. That is, when a voltage is
applied, liquid crystal molecules parallel to a substrate are
rotated to be aligned in an almost vertical direction.

Thus, recently, an in-plane switching mode LCD has been
actively studied in order to solve the narrow viewing angle
problem by aligning the liquid crystal molecules in an almost
horizontal direction.

FIGS. 1 and 2 illustrate a pixel unit of a general in-plane
switching mode L.CD, wherein FIG. 1 is a plan view and FIG.
2 is a sectional view taken along line I-I'.

As shown in FIGS. 1 and 2, a gateline 1 and a data line 3 are
respectively arranged horizontally and vertically to define a
pixel region on a transparent first substrate 10. In an LCD
device, the N number of gate lines and the M number data
lines cross each other to form the NxM number of pixels. In
the drawing, only one pixel is shown for the sake of illustra-
tion.

In the pixel region, a thin film transistor (TFT) 9 including
a gate electrode 14, a semiconductor layer 5 and source/drain
electrodes 2a and 24 1s disposed at a crossing of the gate line
1 and the data line 3. The gate electrode 1a and the source/
drain electrodes 2a and 26 are connected with the gate line 1
and the data line 3, respectively. In addition, a gate insulation
film is stacked entirely over the substrate.

In the pixel region, a common line 4 is arranged to be
parallel to the gate line 1, and a pair of electrodes, namely, a
common electrode 6 and a pixel electrode 7, for switching the
liquid crystal molecules are arranged in parallel. The com-
mon electrode 6 is connected with the common line 4 formed
together with the gate electrode 1a, and the pixel electrode 7
is connected with the drain electrode 25 of the TFT 9 formed
together with the source/drain electrodes 2a and 25.

A passivation film 11 and a first alignment film 12a are
coated entirely over the substrate including the source/drain
electrodes 2a and 25. The common electrode 6 is formed at an
outer edge of the pixel region in order to shield a horizontal
electric field generated between the pixel electrode 7 formed
atthe outeredge of the pixel region and the data line 3. A pixel
electrode line 14 overlaps with the common line 4 to form a
storage capacitor (Cst) with an insulation film 8 interposed
therebetween.

In order to prevent a light leakage between pixels, a black
matrix 21 is formed at the gate line 1 and the data line 3. A
color filter 23 corresponding to each pixel and an overcoat
film 25 is formed on the black matrix 21, and a second
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2

alignment film 125 is coated on the overcoat film 25. A liquid
crystal layer 13 is formed between the first and second sub-
strates 10 and 20.

In the in-plane switching mode LCD with such a structure,
when a voltage is not applied, liquid crystal molecules in the
liquid crystal layer 13 are aligned along an alignment direc-
tion of the first and second alignment films 12a and 12é.
When a voltage is applied between the common electrode 6
and the pixel electrode 7, the liquid crystal molecules are
aligned in a direction vertical to an extending direction of the
common electrode 6 and the data line 3. As mentioned above,
since the liquid crystal molecules are switched on the same
plane inthe liquid crystal layer 13, gray levels are not inverted
in viewing angle directions of the up/down direction and the
left/right direction.

In the related art in-plane switching mode LCD device,
constructed as described above, since the common electrode
6 and the pixel electrode 7 made of an opaque metal are
formed in the pixel region, the aperture ratio is reduced.

In addition, in the related art in-plane switching mode LCD
device, the first and second substrates must be constructed
such that the black matrix 21 can be arranged at positions
corresponding to the TFT 9, the gate line 1 and the data line 3
of the first substrate. However, when the two substrates are
attached, they may be misaligned to generate light leakage.
Thus, in consideration of the alignment margin, the area for
forming the black matrix needs to be wider than the areas
corresponding to the TFT 9, the gate line 1 and the data line 3.
In this case, however, the increase in the area for formation of
the black matrix aimed for preventing the light leakage due to
the misalignment also reduces the aperture ratio.

SUMMARY OF THE INVENTION

Therefore, one object of the present invention is to provide
an in-plane switching mode liquid crystal display device
capable of preventing the reduction of an aperture ratio due to
misalignment between the first and second substrates.

Another object of the present invention is to provide an
in-plane switching mode liquid crystal display device capable
of preventing the light leakage and improving picture quality
by forming a black matrix such that a portion of the black
matrix extends to cover the light leakage region of a pixel
region.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided a liquid crystal
display device comprising: a first substrate and a second
substrate; a gate line and a data line on the first substrate
crossing each other to define a pixel region; a switching
element in the pixel region; a black matrix formed along the
gate line and the data line on the first substrate, the black
matrix having a portion that covers an upper side of the gate
line and extends into the pixel region; a color filter located at
the pixel region; a common electrode and a pixel electrode
located on the color filter for generating an electric field
within the pixel region; and a liquid crystal layer formed
between the first and second substrates.

To achieve the above objects, there is also provided a
method for fabricating a liquid crystal display device com-
prising: provide a first substrate and a second substrate; form-
ing a gate line and a data line crossing each other on the first
substrate to define a pixel region; forming a black matrix
along the gate line and the data line on the first substrate, the
black matrix having a portion that covers an upper side of the
gate line and extends into the pixel region; forming a color
filter at the pixel region; and forming a pixel electrode and a
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common electrode on the first substrate for generating an
electric field in the pixel region.

As mentioned above, in the present invention, by forming
the common electrode and the pixel electrode as transparent
electrodes and forming the color filter and the black matrix
together on a lower substrate, namely, on a TFT array sub-
strate, an aperture ratio can be more improved. In case of
forming the black matrix on the lower substrate, the black
matrix can be formed without having to consider the align-
ment margin during a process of attaching the two substrates
(upper and lower substrates). That is, compared with the
related art in which the black matrix formation area is
increased to prevent misalignment, in the present invention,
since the black matrix is formed only at a necessary region on
the lower substrate, the area for forming the black matrix can
be reduced and thus the aperture ratio can be improved.

In addition, in the present invention, since the portion of the
black matrix is formed to extend into the pixel region, the
light leakage generated between the gate lines and the pixel
electrodes can be effectively prevented. In general, a voltage
of about -5V is applied to the gate lines in an OFF state.
Therefore, an electric field is formed between the pixel elec-
trodes and the gate lines due to the OFF voltage applied to the
gate lines. Accordingly, liquid crystal molecules distributed
at the corresponding region are driven by the electric field
generated between the gate lines and the pixel electrodes,
generating the light leakage. In the present invention, how-
ever, since the black matrix is formed between the gate line
and the pixel electrode, the light leakage generated at the
corresponding region can be effectively prevented.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appat-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

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 specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a plan view showing a pixel unit of a general
in-plane switching mode LCD device;

FIG. 2 is a sectional view taken along line I-I' of FIG. 1;

FIG. 3 is a plan view showing an in-plane switching mode
LCD device in accordance with an embodiment ofthe present
invention;

FIG. 4 is a sectional view taken along line II-II" of FIG. 3;

FIG. 5 is a sectional view taken along line ITI-IIT' of FIG. 3;
and

FIGS. 6A to 6C are plan views of forming of the in-plane
switching mode LCD device in accordance with an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The in-plane switching mode LCD device and its fabrica-
tion method in accordance with the present invention will be
described with reference to the accompanying drawings.

FIG. 3 isaplan view showing two adjacent pixel units of an
in-plane switching mode LCD device in accordance with an
embodiment of the present invention.
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As shown in FIG. 3, the in-plane switching mode LCD
device is constructed such that gate lines 101 are disposed in
a first direction on a transparent substrate 110, and data lines
103 are disposed to vertically cross the gate lines 101 to define
pixel regions.

A switching element 109 for switching each pixel is dis-
posed at a crossing of the gate line 101 and the data line 103.
The switching element 109 includes a gate electrode formed
as a portion of the gate line 101, a semiconductor layer 105
formed on the gate electrode and source/drain electrodes
102a and 1025 formed on the semiconductor layer 105.

A common electrode 106 and a pixel electrode 107 for
generating in-plane field are formed at the pixel region, and
the pixel electrode 107 is electrically connected with the drain
electrode 1025 through a drain contact hole 131. The com-
mon electrode 160 is formed also at an upper portion of the
gate line 101 and the data line 103. The common electrode
106 and the pixel electrode 107 are made of a transparent
conductive material such as ITO (Indium Tin Oxide) or IZO
(Indium Zinc Oxide), and can be formed in a zigzag form.

A data signal cutoff line 104 is formed at an outer edge of
the pixel region adjacent to the data line 103, to prevent
defective liquid crystal driving caused as a signal between the
common electrode 106 and the pixel electrode 107 is distorted
by a data signal.

Although not shown in FIG. 3, a color filter is formed at the
pixel region. And a black matrix 121 is formed at a region
corresponding to the gate line 101 and the data line 103.

Since the color filter and the black matrix are formed
together on the TFT array substrate (lower substrate), the
black matrix formation area can be reduced compared with
the related art. Namely, in the related art, since the color filter
and the black matrix are formed on the upper substrate, the
upper substrate on which the black matrix is formed and the
lower substrate on which the gate lines and the data lines are
formed should be aligned precisely. In consideration of mis-
alignment, the black matrix formation region is formed larger
than actually required because of the alignment margin. How-
ever, in the illustrated embodiment, since the black matrix,
the gate line and the data line are formed on the same sub-
strate, the black matrix can be formed at a required region,
and thus, the aperture ratio can be enhanced.

In addition, the light leakage can be generated between the
gate line 101 and the pixel electrode 107 adjacent to the gate
line 101. In the illustrated embodiment, in order to solve the
problem, the black matrix 121 is formed to extend into the
isolation region between the gate line 101 and the pixel elec-
trode 107.

That is, even when the gate lines 101 are not driven, the
OFF voltage of about -5V is applied. Therefore, a voltage
difference 1s generated between the gate line 101 and the pixel
electrode 107 adjacent to the gate line 101 due to the OFF
voltage of the gate line 101, forming an electric field. The
electric field formed between the gate line 101 and the pixel
electrode 107 drives liquid crystal molecules at the corre-
sponding region in a black mode to cause the light leakage.
Thus, in the illustrated embodiment, by extending the black
matrix 121 to cover the upper portion of the gate line 101 into
the region adjacent to the pixel electrode 107, it can prevent
the light leakage due to the OFF voltage of the gate line.

The common line 106« formed at the upper portion of the
gate line 101 covers all the gate lines 101, and a distance
between the pixel electrode 107 and the common line 1064
extending into the pixel is about 7 pm~9 um. In this case, the
black matrix 121 extending into the pixel region is formed
between the common electrode 106a and the pixel electrode
107 and does not overlap with the pixel electrode 107. In
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addition, the common electrode 106 extends from the portion
of the common line 1064 covering the upper side of the gate
line.

In a method for preventing the light leakage by blocking an
influence of the OFF voltage of the gate line, the common
electrode 106a overlapping with the gate line 101 can be
widened or the distance between the gate line 101 and the
pixel electrode 107 can be increased. However, this will
degrade the aperture ratio. Therefore, the illustrated embodi-
ment extends the black matrix, rather than increasing the
distance between the gate line 101 and the pixel electrode
107, to prevent reduction of the aperture ratio.

A portion 121 of the black matrix formed at the upper
portion of the data line 103 to effectively prevent the light
leakage between the data line 103 and the data signal cutoff
line 104 is formed to overlap with the data signal cut off line
104.

In addition, the black matrix 121 is interposed between the
data line 103 and the common electrode 106, which will now
be described in detail with reference to FIGS. 4 and 5.

FIG. 4 is a sectional view taken along line II-II" of FIG. 3
and FIG. 51s a sectional view taken along line III-IIT' of FIG.
3.

As shown in FIGS. 4 and 5, the gate line 101 and the data
signal cutoff line 104 are formed on the transparent first
substrate 110, on which a gate insulation film 108 is formed.
The data line 103 is formed on the gate insulation film 108,
and a passivation film 111 is formed on the entire surface of
the substrate including the data line 103.

The black matrix 121 and the color filter 123 are formed on
the passivation film 111, on which a planarization film 113 is
formed for planarization. The common electrode 106 and the
pixel electrode are formed on the planarization film 113. The
common line 106« is formed above the upper side of the gate
line 101 and above the upper side the data line 103.

A second substrate (not shown) is provided to face the first
substrate, and a liquid crystal layer is formed between the first
and second substrates. An alignment film (not shown) for
determining an initial alignment direction of liquid crystals is
coated on each facing surface, and the liquid crystal layer
controls transmittance of light according to a voltage applied
to the common electrode 106 and the pixel electrode 107.

In this manner, the common electrode 106 and the pixel
electrode 107 are formed on the same plane (namely, the
planarization film). Formation of the two electrodes 106 and
107 on the same plane will generate a perfect in-plane field
with respect to the surface of the substrate when a voltage is
applied between the two electrodes. Accordingly, a viewing
angle can be enhanced. In addition, compared with the related
art, since the electric field between the two electrodes does
not pass through the passivation film but is directly applied to
the liquid crystal, a stronger electric field can be generated.
Because liquid crystal molecules in the liquid crystal layer
can be switched faster by the strong electric field, the liquid
crystal display will have better performance.

FIGS. 6A to 6C are plan views of the process for forming
the in-plane switching mode LCD device in accordance with
the present invention.

With reference to FIG. 6 A, a transparent first substrate 210
is prepared, on which a gate line 201 and a data signal cutoff
line 204 are formed, and a gate insulation film (not shown) is
formed thereon. Subsequently, a semiconductor layer 205 is
formed on the gate line 201. Then, the data line 203 vertically
crossing the gate line 201 to define the pixel region is formed
on the upper portion of the gate insulation film (not shown)
and source and drain electrodes 202a and 2025 are formed
spaced apart from each other on the semiconductor layer 205
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to complete the switching element 209. A gate electrode can
be additionally formed by extending it from the gate line 201,
and a channel structure can have a shape of a straight line or
a ‘U’ shape.

Thereafter, the passivation film is formed at an upper por-
tion of the data line 203 and the switching element 209. And
then, as shown in FIG. 6B, the color filter (not shown) is
formed at the region corresponding to the pixel region, and
the black matrix 221 is formed at an upper portion of the
passivation film corresponding to the gate line 201 and the
data line 203. At this time, the black matrix 221 is formed
extending into the pixel region.

Subsequently, the planarization film (not shown) is formed
for planarizing the color filter and the black matrix 221.
Subsequently, as shown in FIG. 6C, the common line 206a are
formed on the planarization film. In addition, the common
electrode 206 and the pixel electrode 207 for generating in-
plane field in the pixel region are also formed on the pla-
narization film. In this case, the common electrode 206 and
the pixel electrode 207 are made of the transparent conductive
material such as ITO or IZO. In order to implement a multi-
domain, the common electrode 206 and the pixel electrode
207 can be formed in a zigzag form, and the data line 203 can
be formed also in the same zigzag form as the common
electrode 206 and the pixel electrode 207.

The common line 206a is formed to entirely cover the
upper portions of the gate line 201 and the data line 203, and
the portion of the common line 2064 formed on the gate line
201 extends into the pixel region, which is narrower than the
region formed by extending the black matrix 221 to the pixel
region. In particular, since the common electrode 206 and the
pixel electrode 207 are formed on the same plane, a distance
as long as to prevent short-circuiting must be secured ther-
ebetween. Thus, in the illustrated embodiment, the distance
between the common line 2064 and the pixel electrode 207 is
about 7 um~9 pum, and an end of the black matrix 221 extend-
ing into the pixel region is positioned between the common
line 2064 and the pixel electrode 207.

The illustrated embodiment provides the in-plane switch-
ing mode LCD device in which the black matrix and the color
filter are formed on the TFT array substrate, and its fabrica-
tion method. In particular, since the common line is formed
ontheupper portion ofthe gate lines and the data lines and the
black matrix is positioned between the common line and the
pixel electrode and covers the upper portion of the gate lines,
misalignment of the upper and lower substrates can be pre-
vented and the aperture ratio can be further enhanced.

In addition, since the black matrix is formed between the
gate lines and the pixel electrodes, the light leakage at the
regions can be prevented to further improve picture quality.

As the present invention may be embodied in several forms
without departing from the spirit or essential characteristics
thereof, it should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within its spirit and scope as
defined in the appended claims, and therefore all changes and
modifications that fall within the metes and bounds of the
claims, or equivalents of such metes and bounds are therefore
intended to be embraced by the appended claims.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate and a second substrate;

a gate line and a data line on the first substrate crossing each
other to define a pixel region;

a switching element in the pixel region;
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ablack matrix formed along the gate line and the data line
on the first substrate, the black matrix having a portion
that covers an upper side of the gate line and extends into
the pixel region;

a color filter located at the pixel region;

a planarization film formed on an entire surface of the
substrate and covering the black matrix and the color
filter;

a common electrode and a pixel electrode above the pla-
narization film for generating an electric field within the
pixel region;

a common line having a first portion covering the upper
side of the whole area of the gate line and a second
portion covering an upper side of the whole area of the
data line, the common electrode extending from the first
portion of the common line; and

a liquid crystal layer formed between the first and second
substrates.

2. The device of claim 1, wherein the common electrode
and the pixel electrode are made of a transparent conductive
material.

3. The device of claim 1, wherein the transparent conduc-
tive material is one of ITO (Indium Tin Oxide) and 170
(indium Zinc Oxide).

4. The device of claim 1, further comprising:

a passivation film formed on an entire surface of the first

substrate and covering the data line.

5. The device of claim 4, wherein the black matrix and the
color filer are formed above the passivation film.

6. The device of claim 1, wherein the common electrode
and the pixel electrode are in contact with the planarization
film.

7. The device of claim 1, wherein the common electrode
and the pixel electrode are coplanar.
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8. The device of claim 1, wherein the common electrode
and the pixel electrode are above the black matrix.

9. The device of claim 1, wherein the black matrix is below
the commeon line.

10. The device of claim 9, wherein the black matrix is wider
than the common line.

11. The device of claim 1, wherein the distance between the
first portion of the common line and the pixel electrode is
about 7 pm~9 pm.

12. The device of claim 1, wherein the black matrix extends
into the pixel region to between the first portion of the com-
mon line and the pixel electrode.

13. The device of claim 1, further comprising:

a data signal cutoff line located in the pixel region and
between the data line and the pixel electrode, the data
signal cutoff line being parallel to the data line.

14. The device of claim 13, wherein the black matrix along
the data line overlaps with a portion of the data signal cutoff
line.

15. The device of claim 13, wherein the data signal cutoff
line is in contact with the substrate.

16. The device of claim 13, wherein the data signal cutoff
line is electrically connected with the common electrode.

17. The device of claim 1, wherein the liquid crystal dis-
play device is an in-plane switching mode liquid crystal dis-
play device, and the electric field is an in-plane electric field.

18. The device of claim 1, wherein the common electrode
and the pixel electrode are made of a transparent conductive
material, and

wherein the transparent conductive material is one of ITO
(Indium Tin Oxide) and 170 (indium Zinc Oxide).
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