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1
LIQUID CRYSTAL DISPLAY DEVICE

This application claims the benefit of Korean Patent Appli-
cation No. 10-2010-0075107, filed on Aug. 3, 2010, which is
hereby incorporated by reference as if fully set forth herein.

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 having a double reduced data (DRD) pixel structure
wherein reduction of an aperture ratio is minimized, thereby
improving image quality.

2. Discussion of the Related Art

In recent years, displays to visually express an electric
information signal have been rapidly developed. As a result,
various kinds of small and lightweight flat display devices
having low power consumption have been developed and
rapidly replaced conventional cathode ray tubes (CRTs).

Examples of the flat display devices include a liquid crystal
display (LCD), an organic light emitting display (OLED), an
electrophoretic display or electric paper display (EPD), a
plasma display panel (PDP), a field emission display (FED),
an electroluminescent display (ELD), and an electrowetting
display (EWD). These displays commonly require a flat dis-
play panel on which an image is displayed. The flat display
panel includes a pair of substrates coupled to each other while
an inherent luminous material or polarizing material layer is
disposed therebetween. The LCD is a typical example of a flat
display device. The LCD adjusts light transmissivity of a
liquid crystal using an electric field to display an image.

A general liquid crystal display device includes a lower
substrate and an upper substrate disposed opposite to each
other, a liquid crystal layer filling a space defined between the
lower substrate and the upper substrate, a transistor array at
the top of the lower substrate to define a plurality of pixel
regions corresponding to a plurality of pixels and to control
light transmissivity of the liquid crystal layer corresponding
to the respective pixel regions, pixel electrodes and common
electrodes alternately formed on the pixel regions, black
matrices formed at the rear of the upper substrate to prevent
light leakage around the pixel regions, and gate driver inte-
grated circuits (hereinafter, referred to as “gate D-ICs”) to
apply a gate signal to the transistor array and data driver
integrated circuits (hereinafter, referred to as “data D-ICs”) to
apply a data signal to the transistor array. The transistor array
includes gate lines and data lines intersecting to define the
respective pixel regions and a plurality of transistors disposed
atregions where the gate lines and the data lines intersect. The
transistors are connected to the pixel electrodes respectively.

In the liquid crystal display device with the above-stated
construction, the transistors corresponding to the respective
pixels are selectively turned on in response to the gate signal,
and pixel voltage corresponding to the data signal is applied
to the pixel electrode connected to the turned-on transistor to
generate a predetermined electric field between the pixel
electrode and the common electrode. The direction of liquid
crystal cells is changed according to the generated electric
field, thereby adjusting light transmissivity of the respective
pixels, i.e., brightness, and thus the liquid crystal display
device displays an image.

Meanwhile, the gate D-ICs generate a gate signal to
sequentially turn on the transistors. The gate D-ICs may be
embodied using relatively simple circuits. On the other hand,
the data D-ICs connected to the data lines must generate a
data signal corresponding to the respective pixels. For this
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reason, the data D-ICs are embodied using more complicated
circuits than the gate D-ICs. There has been proposed a liquid
crystal display device having a double reduced data (DRD)
pixel structure in which two neighboring pixels share a data
line disposed therebetween, and therefore, the number of the
data D-ICs, which are more expensive than the gate D-ICs, is
cut in half, thereby reducing manufacturing costs.

FIG. 1 is an equivalent circuit diagram of a general liquid
crystal display device having a DRD pixel structure. FIG. 2A
is a plan view illustrating a conventional liquid crystal display
device having a DRD pixel structure, and FIG. 2B is an image
illustrating a light discharge surface of the liquid crystal dis-
play device shown in FIG. 2A.

As shown in FIG. 1, pixels P1 and P2 disposed in two
neighboring columns are commonly connected to a data line
DL disposed between the two neighboring columns. The first
pixels P1 commonly connected to the data line DL are con-
nected to a first gate line GL1, and the second pixels P2
commonly connected to the data line DL are connected to a
second gate line GL2.

Specifically, as shown in FIG. 2A, a conventional liquid
crystal display device having a DRD pixel structure includes
first gate lines GL1 and second gate lines GL2 alternately
disposed in the horizontal direction, data lines DL and com-
mon lines CL alternately disposed in the vertical direction,
transistors TFT1 of first pixels P1 disposed at regions where
the first gate lines GL1 and the data lines DL intersect, tran-
sistors TFT2 of second pixels P2 disposed at regions where
the second gate lines GL.2 and the data lines DL intersect,
pixel electrodes PX and common electrodes CX alternately
formed at respective pixel regions defined by the first gate
lines GL1 or the second gate lines GL.2 and the data lines DL,
shield lines SL. extending from the common lines CL such
that the shield lines SL are disposed at opposite sides of the
data lines DL in parallel, and storage capacitors Cst formed
by at least partial overlap between horizontal regions of the
pixel electrodes PX and lower electrodes extending from the
common lines CL at the pixel regions. In the first pixels P1 or
the second pixels P2, the pixel electrodes PX are connected to
the first transistors TFT1 or the second transistors TFT2 via
pixel electrode contact holes CTpx, and the common elec-
trodes CX are connected to the common lines CL via common
electrode contact holes CTcx. The storage capacitors Cst are
connected in parallel between the common electrodes CX and
the pixel electrodes PX such that voltage difference between
the common electrodes CX and the pixel electrodes PX is
maintained for a predetermined time even after the transistors
TFT are turned off. The shield lines SL prevent liquid crystal
cells from malfunctioning due to electric potential of the data
lines DL to which a data signal is applied.

In the related art, however, the storage capacitors Cst par-
tially occupy the pixel regions, with the result that an aperture
ratio is reduced in proportion to the size of the pixel regions
occupied by the storage capacitors Cst.

Since the data lines DL and the shield lines SL are adjacent
to each other, a predetermined electric field may be generated
between the data lines DL to which the data signal is applied
and the shield lines SL to which common voltage is applied.
Directions of liquid crystal cells disposed around the pixel
regions may be changed due to the electric field between the
data lines DL and the shield lines SL, thereby occurring the
light leakage. In order to prevent light leakage around the
pixel regions due to the electric field between the data lines
DL and the shield lines SL, black matrices above the data
lines DL may be formed to have a width (hereinafter, referred
to as a “first width”) sufficient to cover the data lines DL and
the shield lines SL. On the other hand, the common lines
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disposed alternately with the data lines DL do not generate an
electric field together with other adjacent components, with
the result that black matrices above the common lines CL may
be formed to have a small width (hereinafter, referred to as a
“second width”) similar to the common lines CL, irrespective
of light leakage around the pixel regions.

If the difference between the first width and the second
width is equal to or greater than a critical value, however, the
black matrices BM(DL) above the data lines are more visible
than the black matrices BM(CL) above the common lines, as
shown in FIG. 2B. Such a visibility problem disturbs clear
distinction between neighboring pixels between which the
corresponding common lines CL are disposed, with the result
that image quality is reduced.

In order to prevent reduction of image quality due to the
visibility problem, therefore, the black matrices above the
common lines CL must be formed to have a width similar to
the first width. If the width of the black matrices above the
common lines CL is increased, however, an aperture ratio (an
area ratio of a light discharge region to a display region) is
reduced unnecessarily.

SUMMARY OF THE INVENTION

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.

An object of the present invention is to provide a liquid
crystal display device having a double reduced data (DRD)
pixel structure wherein reduction of an aperture ratio is mini-
mized, thereby improving image quality.

Another object of the present invention is to prevent a
visibility problem in which the black matrices above the data
lines are more visible than the black matrices above the com-
mon lines.

Additional advantages, objects, and features of the inven-
tion 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 draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a liquid crystal display device com-
prises a lower substrate, an upper substrate disposed opposite
to the lower substrate, and a liquid crystal layer filling a space
defined between the lower substrate and the upper substrate,
wherein said lower substrate includes: first gate lines and
second gate lines alternately formed in a first direction such
that the first gate lines and the second gate lines are insulated
from each other; data lines formed in a second direction
perpendicular to the first direction such that the data lines
intersect the first gate lines and the second gate lines; common
lines formed alternately with the data lines in the second
direction; shield lines extending from the common lines such
that the shield lines are disposed adjacent to opposite sides of
the data lines in parallel; first transistors formed at regions
where the first gate lines and the data lines intersect; first pixel
electrodes formed at pixel regions of first pixels defined by
intersection between the first gate lines and the data lines, the
first pixel electrodes being connected to the first transistors,
the first pixel electrodes at least partially overlapping with the
common lines and the shield lines respectively in the second
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direction around the pixel regions of the first pixels; and first
common electrodes formed alternately with the first pixel
electrodes at the pixel regions of the first pixels, the first
common electrodes being connected to the common lines.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary 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
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is an equivalent circuit diagram of a general liquid
crystal display device having a double reduced data (DRD)
pixel structure;

FIG. 2A is a plan view illustrating a conventional liquid
crystal display device having a DRD pixel structure;

FIG. 2B is an image illustrating a light discharge surface of
the liquid crystal display device shown in FIG. 2A;

FIG. 3A is a plan view illustrating a liquid crystal display
device according to an embodiment of the present invention;

FIG. 3B is a sectional view taken along line I-I' and line
TI-1I' of FIG. 3A;

FIG. 4A is a sectional view illustrating change of storage
capacitors of the liquid crystal display device shown in FIG.
3B in a case in which a mask is shifted to one side; and

FIG. 4B is a sectional view illustrating change of the stor-
age capacitors of the liquid crystal display device shown in
FIG. 3B in acase in which the mask is shifted to the other side.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
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. 3A is a plan view illustrating a liquid crystal display
device according to an embodiment of the present invention,
and FIG. 3B is a sectional view taken along line I-I' and line
II-II' of FIG. 3A. FIG. 4A is a sectional view illustrating
change of storage capacitors of the liquid crystal display
device shown in FIG. 3B in a case in which a mask is shifted
to one side, and FIG. 4B is a sectional view illustrating change
of the storage capacitors of the liquid crystal display device
shown in FIG. 3B in a case in which the mask is shifted to the
other side.

As shown in FIG. 3A, a liquid crystal display device
according to an embodiment of the present invention includes
first gate lines GL1 and second gate lines GL2 alternately
formed in a first direction (the horizontal direction in FIG.
3A) such that the first gate lines GL1 and the second gate lines
GL2 are insulated from each other, data lines DL formed in a
second direction (the vertical direction in FIG. 3A) perpen-
dicular to the first direction such that the data lines DL inter-
sect the first gate lines GL1 and the second gate lines GL2,
common lines CL formed alternately with the data lines DL in
the second direction, shield lines SL extending from the com-
mon lines CL such that the shield lines SL are disposed
adjacent to opposite sides of the data lines DL in parallel, first
transistors TFT1 formed at regions where the first gate lines
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GL1 and the data lines DL intersect, first pixel electrodes PX
formed at pixel regions of first pixels P1 defined by intersec-
tion between the first gate lines GLL1 and the data lines DL, the
first pixel electrodes PX being connected to the first transis-
tors TFT1, the first pixel electrodes PX at least partially
overlapping with the common lines CL and the shield lines
SL around the pixel regions of the first pixels P1 in the second
direction, first common electrodes CX formed alternately
with the first pixel electrodes PX at the pixel regions of the
first pixels P1, the first common electrodes CX being con-
nected to the common lines CL, first storage capacitors Cst1
formed at regions where the shield lines SL and the first pixel
electrodes PX overlap, second storage capacitors Cst2
formed at regions where the common lines CL and the first
pixel electrodes PX overlap, second transistors TFT2 formed
at regions where the second gate lines GL.2 and the data lines
DL intersect, second pixel electrodes PX formed at pixel
regions of second pixels P2 defined by intersection between
the second gate lines GL.2 and the data lines DL, the second
pixel electrodes PX being connected to the second transistors
TFT2, the second pixel electrodes PX at least partially over-
lapping with the common lines CL and the shield lines SL
around the pixel regions of the second pixels P2 in the second
direction, second common electrodes CX formed alternately
with the second pixel electrodes PX at the pixel regions of the
second pixels P2, the second common electrodes CX being
connected to the common lines CL, third storage capacitors
(not shown) formed at regions where the shield lines SL and
the second pixel electrodes PX overlap, and fourth storage
capacitors (not shown) formed at regions where the common
lines CL and the second pixel electrodes PX overlap.

As shown in FIG. 3B, the liquid crystal display device
includes a lower substrate 110, an upper substrate 120 dis-
posed opposite to the lower substrate 110, and a liquid crystal
layer 130 filling a space defined between the lower substrate
110 and the upper substrate 120.

Specifically, the lower substrate 110 includes a first support
substrate 111, first and second gate lines GL1 and GL2,
common lines CL, shield lines SL formed at the top of the first
support substrate 111 such that the first and second gate lines
GL1 and GL2, the common lines CL, and the shield lines SL
are disposed in the same layer, a first dielectric layer 112
formed over the entire top of the first support substrate 111
including the first and second gate lines GL1 and GL.2, the
common lines CL, and the shield lines SL, data lines DL and
first and second transistors TFT1 and TFT2 formed at the top
of the first dielectric layer 112, a second dielectric layer 113
formed over the entire top of the first dielectric layer 112
including the data lines DL and the first and second transistors
TFT1 and TFT?2, and first and second pixel electrodes PX and
first and second common electrodes CX formed on the second
dielectric layer 113. The first and second pixel electrodes PX
and the first and second common electrodes CX are made of
a transparent conductive material, which may be a metal
oxide, such as ITO or ZnO, or a doped metal oxide.

The upper substrate 120 includes a second support sub-
strate and black matrices BM disposed at the rear of the
second support substrate to cover the first and second gate
lines GL1 and GL2, the common lines CL, the shield lines SL,
the data lines DL, and the first and second transistors TFT1
and TFT2 so as to prevent light leakage around the pixel
regions.

The liquid crystal display device with the above-stated
construction has a double reduced data (DRD) pixel structure
in which two neighboring pixels share a data line disposed
therebetween. Pixels are divided into first pixels P1 connected
to the first gate lines GL.1 and second pixels P2 connected to
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the second gate lines GL2. A first pixel P1 and a second pixel
P2 disposed adjacent to each other while a data line DL is
disposed therebetween are commonly connected to the data
line DL. That is, a ratio of the number of rows, at which the
pixels P1 and P2 are disposed, to the number of the gate lines
GL is 1:2, and a ratio of the number of columns, at which the
pixels P1 and P2 are disposed to the number of the data lines
DL is 2:1. In this embodiment, therefore, the liquid crystal
display device having the DRD pixel structure has gate driver
integrated circuits the number of which is twice that of a
conventional liquid crystal display device not having the
DRD pixel structure, and data driver integrated circuits the
number of which is half that of the conventional liquid crystal
display device. Consequently, it is possible to reduce the
number of the data driver integrated circuits, which are
expensive, thereby reducing manufacturing costs.

The first pixels P1 and the second pixels P2 may be alter-
nately disposed in the first direction as shown in FIG. 3A.
Alternatively, the first pixels P1 and the second pixels P2 may
be alternately disposed in the second direction or in the first
and second directions although not shown.

As shown in FIG. 3A, the distance between a pair consist-
ing of a first gate line GL1 and a second gate line GL2 and
another pair consisting of a first gate line GL.1 and a second
gate line GL.2 is defined as a second-direction width of a pixel
region. In this embodiment, the gate lines are divided into the
first gate lines GL1 connected to the first pixels P1 and the
second gate lines GL.2 connected to the second pixels P2 for
convenience of description. However, the gate driver inte-
grated circuits may sequentially apply a gate signal to the first
gate lines GL1 and the second gate lines GL2 irrespective of
groups, or sequentially apply a gate signal to the first gate
lines GL1 and the second gate lines GL2 by groups.

The data lines DL are shared by the first pixels P1 and the
second pixels P2 disposed at opposite sides of the respective
date lines DL. The first gate lines GL1 and the data lines DL
intersect to define pixel regions of the first pixels P1, and the
second gate lines GLL2 and the data lines DL intersect to define
pixel regions of the second pixels P2.

The common lines CL are disposed alternately with the
data lines DL in the second direction. The distance between a
data line DL and a common line CL is defined as a first-
direction width of a pixel region. The shield lines SL extend
from the common lines CL such that the shield lines SL are
disposed at opposite sides of the data lines DL in parallel. As
shown in FIG. 3A, the common lines CL and the shield lines
SL are connected to surround the respective pixel regions in a
‘TZ’-shape and to surround every two neighboring pixels P1
and P2 in a 90-degree rotated ‘ 2’-shape.

Also, as shown in FIG. 3B, the shield lines SL are disposed
at the opposite sides of the data lines in parallel to minimize
malfunction of liquid crystal cells due to electric potential of
the data lines DL to which a data signal is applied.

Although not shown in detail in FIG. 3A, each of the first
transistors TFT1 or the second transistors TFT2 includes a
gate electrode diverging from each of the first gate lines GL.1
or the second gate lines GL2, a semiconductor layer formed
on the first dielectric layer 112 such that the semiconductor
layer partially overlaps the gate electrode, a source electrode
formed on the semiconductor layer by diverging from data
lines DL such that the source electrode overlaps one side of
the gate electrode, and a drain electrode formed on the semi-
conductor layer such that the drain electrode overlaps the
other side of the gate electrode.

As shown in FIG. 3B, the common lines CL and the com-
mon electrodes CX are formed at different layers such that the
common lines CL and the common electrodes CX are isolated
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by the first dielectric layer 112 and the second dielectric layer
113. As shown in FIG. 3A, the common lines CL and the
common electrodes CX are connected to each other via com-
mon electrode contact holes CTcx formed at the first dielec-
tric layer 112 and the second dielectric layer 113 correspond-
ing to partial regions of the common lines CL. In the same
manner, the drain electrodes ofthe first and second transistors
TFT1 and TFT2, and the pixel electrodes PX are formed at
different layers such that the drain electrodes of the first and
second transistors TFT1 and TFT2, and the pixel electrodes
PX are isolated by the second dielectric layer 113. The pixel
electrodes PX are connected to the drain electrodes of the first
and second transistors TFT1 and TFT2 via pixel electrode
contact holes CTpx formed at the second dielectric layer 113
corresponding to partial regions of the drain electrodes of the
first and second transistors TFT1 and TFT2.

The first and second pixel electrodes PX and the first and
second common electrodes CX are formed in the second
direction. Further the first and second pixel electrodes PX are
disposed around the pixel regions such that the first and
second pixel electrodes PX are closer to the pixel regions than
the first and second common electrodes CX. As a result, the
first and second pixel electrodes PX at least partially overlap
with the shield lines SL and the common lines CL in the
second direction.

That is, as shown in FIG. 3B, part of a first pixel electrode
PX disposed adjacent to a second-direction left corner of a
pixel region of a first pixel P1, at least partially overlaps with
a corresponding shield line SL in a state in which the first
dielectric layer 112 and the second dielectric layer 113 are
disposed therebetween. As a result, a first storage capacitor
Cstl is formed at a region where the first pixel electrode PX
and the shield line SL overlap in the second direction. The
capacitance of the first storage capacitor Cstl is proportional
to the area of the region where the first pixel electrode PX and
the shield line SL overlap.

Also, part of a first pixel electrode PX disposed adjacent to
a second-direction right corner of the pixel region of the first
pixel P1, at least partially overlaps with a corresponding
common line CL in a state in which the first dielectric layer
112 and the second dielectric layer 113 are disposed therebe-
tween. As a result, a second storage capacitor Cst2 is formed
ata region where the first pixel electrode PX and the common
line CL overlap in the second direction. The capacitance of
the second storage capacitor Cst2 is proportional to the area of
the region where the first pixel electrode PX and the common
line CL overlap.

The first storage capacitor Cstl and the second storage
capacitor Cst2 define a total storage capacitor corresponding
to the first pixel P1. The total storage capacitor corresponding
to the first pixel P1 maintains voltage difference between the
pixel electrode PX and the common electrode CX for a pre-
determined time after the first transistor TFT1 is turned off to
stably obtain brightness of the first pixel P1.

In the same manner, part of a second pixel electrode PX
disposed adjacent to a second-direction left corner of a pixel
region of a second pixel P2, at least partially overlaps with a
corresponding common line CL. As a result, a third storage
capacitor is formed in the second direction. Also, part of a
second pixel electrode PX disposed adjacent to a second-
direction right corner of a pixel region of the second pixel P2,
atleast partially overlaps with a corresponding shield line SL.
As aresult, a fourth storage capacitor is formed in the second
direction. The third storage capacitor and the fourth storage
capacitor define a total storage capacitor corresponding to the
second pixel P2. The capacitance of the total storage capacitor
corresponding to the second pixel P2 is proportional to the
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sum of the area of the region where the second pixel electrode
PX and the common line CL overlap and the area of the region
where the second pixel electrode PX and the shield line SL
overlap.

If the total storage capacitor of the first pixel P1 and the
total storage capacitor of the second pixel P2 have different
capacitances, the brightness of each of the pixels is main-
tained for a different amount of time according to the capaci-
tances of the total storage capacitors, with the result that
image quality is reduced. In order to prevent image quality
reduction, it is necessary for all of the pixels, particularly
neighboring pixels, to be provided with total storage capaci-
tances of the pixels having the same capacitance.

As previously described, the first and second pixel elec-
trodes PX and the first and second common electrodes CX are
formed on the second dielectric layer 113 using a transparent
conductive material. That is, the first and second pixel elec-
trodes PX and the first and second common electrodes CX are
formed by depositing a transparent conductive material on the
second dielectric layer 113 and patterning the deposited
transparent conductive material through exposure using a
mask. When the mask is correctly aligned, the capacitances of
the storage capacitors formed at second-direction opposite
corners of the pixel region in the second direction are
occurred as designed, as shown in FIG. 3B.

In this embodiment, a total storage capacitor correspond-
ing to each pixel is defined as the sum of the storage capacitors
Cstl and Cst2 formed at the second-direction opposite cor-
ners of the pixel region. Consequently, although the mask
used to expose the transparent conductive material is biased
to one side in the first direction, i.e., an alignment error
occurs, capacitances of the storage capacitors corresponding
to the respective pixels may be uniformly maintained.

That is, when the mask used to expose the transparent
conductive material is biased to one side in the first direction,
i.e., an alignment error occurs, the areas of the regions where
the first pixel electrodes PX and the shield lines SL overlap
are decreased due to the alignment error of the mask, with the
result that capacitances of the first storage capacitors Cstl are
decreased, whereas the areas of the regions where the first
pixel electrodes PX and the common lines CL overlap are
increased due to the alignment error of the mask, with the
result that capacitances of the second storage capacitors Cst2
are increased, as can be seen from comparison between FIGS.
3B and 4A. Consequently, the sum total of the capacitances of
the first storage capacitors Cstl and the second storage
capacitors Cst2 remains the same.

In the same manner, when the mask used to expose the
transparent conductive material is biased to the other side in
the first direction, i.e., an alignment error occurs, the areas of
the regions where the first pixel electrodes PX and the shield
lines SL overlap are increased due to the alignment error of
the mask, with the result that capacitances of the first storage
capacitors Cstl are increased, whereas the areas of the
regions where the first pixel electrodes PX and the common
lines CL overlap are decreased due to the alignment error of
the mask, with the result that capacitances of the second
storage capacitors Cst2 are decreased, as can be seen from
comparison between FIGS. 3B and 4B. That is, the capaci-
tances of the first storage capacitors Cstl are increased, and
the capacitances of the second storage capacitors Cst2 are
decreased, due to the alignment error of the mask. Conse-
quently, the sum total of the capacitances of the first storage
capacitors Cstl and the second storage capacitors Cst2
remains the same.

In this embodiment, therefore, the capacitances of the stor-
age capacitors corresponding to the first pixels P1 defined as
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the sum total of the capacitances of the first storage capacitors
Cstl and the second storage capacitors Cst2 are uniformly
maintained irrespective of the alignment error of the mask.
Consequently, the respective pixels are prevented from hav-
ing storage capacitors of different capacitances due to align-
ment error of the mask, thereby preventing reduction in image
quality.

In this embodiment, on the other hand, the black matrices
BM above the data lines DL are formed to have a sufficiently
large width to cover all of the data lines DL and the shield
lines SL so as to prevent light leakage between the data lines
DL and the shield lines SL due to an electric field, as shown in
FIG. 3B. The first storage capacitors Cst1 are formed using
parts of the shield lines SL disposed adjacent to the data lines
DL as lower electrodes. That is, the first storage capacitors
Cstl are formed using regions around the pixel regions cov-
ered by the black matrices BM above the data lines DL,
thereby preventing additional reduction of an aperture ratio
due to the first storage capacitors Cstl.

In the liquid crystal display device having the DRD pixel
structure, the black matrices BM above the common lines CL.
are formed to have a width similar to the black matrices BM
above the data lines DL so as to prevent a visibility problem
in which the black matrices above the data lines are more
visible than the black matrices above the common lines. In
this embodiment, the second storage capacitors Cst2 are
formed using parts of the common lines DL as lower elec-
trodes. Consequently, regions around the pixel regions cov-
ered by the black matrices BM above the common lines CL,
are utilized, thereby preventing additional reduction of an
aperture ratio due to the second storage capacitors Cst2.

As described above, the first and second storage capacitors
Cstl and Cst2 are formed around the pixel regions. In this
case, the aperture ratio of the liquid crystal display device of
this embodiment is appropriately 10% higher than that of the
conventional liquid crystal display device shown in FIG. 2A.

In the liquid crystal display device of this embodiment, the
pixels adjacent to each other while the data lines DL are
disposed therebetween share the data lines DL therebetween.
Consequently, it is possible to reduce the number of the data
driver integrated circuits connected to the respective data
lines DL, thereby reducing manufacturing costs.

Also, in the liquid crystal display device of this embodi-
ment, the pixel electrodes PX are formed around the pixel
regions such that the pixel electrodes PX are adjacent to the
pixel regions, and therefore, the pixel electrodes PX at least
partially overlap with the shield lines SL to prevent malfunc-
tion due to electric potential of the data lines DL and with the
common lines CL. Consequently, the first and second storage
capacitors Cstl and Cst2 are formed at the regions where the
pixel electrodes PX and the shield lines SL overlap and at the
regions where the pixel electrodes PX and the common lines
CL overlap, respectively. That is, the total storage capacitors
corresponding to the respective pixels are defined as the sum
of the first and second storage capacitors Cstl and Cst2
formed around the pixel regions at opposite sides of the pixel
regions. The capacitances of the storage capacitors corre-
sponding to the respective pixels are maintained irrespective
of the alignment error of the mask, thereby preventing reduc-
tion in image quality due to capacitance difference between
the storage capacitors corresponding to the respective pixel.

Also, as previously described, the black matrices BM
above the data lines DL are formed to have a sufficiently large
width to cover all of the data lines DL and the shield lines SL
so as to prevent light leakage between the data lines DL and
the shield lines SL, and the black matrices BM above the
common lines CL are formed to have a width similar to the
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black matrices BM above the data lines DL so as to prevent a
visibility problem in which the black matrices above the data
lines DL are more visible than the black matrices above the
common lines CL. In this case, the storage capacitors Cstl
and Cst2 are formed around the pixel regions covered by the
black matrices BM above the data lines DL and the black
matrices above the common lines CL. That is, the storage
capacitors Cstl and Cst2 are not assigned to parts of the pixel
regions but regions around the pixel regions. Consequently,
the reduction of the aperture ratio due to the storage capaci-
tors is minimized, thereby improving image quality.

As is apparent from the above description, a liquid crystal
display device according to an embodiment of the present
invention includes pixel electrodes formed around pixel
regions such that the pixel electrodes are adjacent to the pixel
regions, the pixel electrodes at least partially overlapping
with shield lines to prevent malfunction due to electric poten-
tial of data lines and with common lines and storage capaci-
tors formed at regions where the shield lines and the pixel
electrodes overlap and at regions where the common lines and
the pixel electrodes overlap. Since the storage capacitors are
formed at opposite sides of the respective pixel regions,
capacitances are maintained even if mask alignment error
occurs during pixel electrode formation. Consequently, it is
possible to prevent image quality reduction due to capaci-
tance difference between the storage capacitors correspond-
ing to respective pixels.

Also, the storage capacitors are not formed in the pixel
regions but are formed at regions around the pixel regions
covered by black matrices above the data lines and at regions
around the pixel regions covered by black matrices above the
common lines which must be formed to have a width similar
to the black matrices above the data lines so as to solve a
visibility problem. Consequently, aperture ratio reduction
due to the storage capacitors is minimized, thereby improving
image quality.

It will be apparent to those skilled in the art that various
modifications and variations can be made in 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 variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:
1. A liquid crystal display device comprising:
a lower substrate,
an upper substrate disposed opposite to the lower substrate,
and
a liquid crystal layer filling a space defined between the
lower substrate and the upper substrate,
wherein said lower substrate includes:
first gate lines and second gate lines alternately formed
in a first direction such that the first gate lines and the
second gate lines are insulated from each other;
data lines formed in a second direction perpendicular to
the first direction such that the data lines intersect the
first gate lines and the second gate lines;
common lines formed alternately with the data lines in
the second direction;
shield lines extending from the common lines such that
the shield lines are disposed adjacent to opposite sides
of the data lines in parallel;
first transistors formed at regions where the first gate
lines and the data lines intersect;
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first pixel electrodes formed at pixel regions of first
pixels defined by intersection between the first gate
lines and the data lines, the first pixel electrodes being
connected to the first transistors, the first pixel elec-
trodes at least partially overlapping with the common
lines and the shield lines respectively in the second
direction around the pixel regions of the first pixels;
and

first common electrodes formed alternately with the first
pixel electrodes at the pixel regions of the first pixels,
the first common electrodes being connected to the
common lines.

2. The liquid crystal display device of claim 1, said lower
substrate further includes second pixels defined by intersec-
tion between the second gate lines and the data lines, and

wherein the first pixels and second pixels disposed adjacent

to each other a data line being disposed therebetween are
commonly connected to the data line.

3. The liquid crystal display device of claim 1, wherein said
the common lines and the shield lines are connected to sur-
round the respective pixel regions in a ‘TZ’-shape and to
surround every two neighboring pixels in a 90-degree rotated
‘22’-shape.
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4. The liquid crystal display device of claim 1, said lower
substrate further includes:

first storage capacitors formed at regions where shield lines

and the first pixel electrodes overlap in the second direc-
tion, and

second storage capacitors formed at regions where the

common lines and the first pixel electrodes overlap in the
second direction,

wherein the sum of the first storage capacitors and the

second storage capacitors defines a total storage capaci-
tor corresponding to respective pixels.

5. The liquid crystal display device of claim 4, wherein
total storage capacitors of all of the pixels have the same
capacitance.

6. The liquid crystal display device of claim 4, said upper
substrate includes:

black matrices disposed at the rear of the upper substrate to

cover the common lines, the shield lines, and the data
lines so as to prevent additional reduction of an aperture
ratio due to the first and second storage capacitors.

7. The liquid crystal display device of claim 6, wherein the
black matrices above the common lines is formed to have a
width similar to the black matrices above the data lines.

* * Ed Ed *
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