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In a display panel including a plurality of pixels, each pixel
includes a first thin film transistor, first and second liquid
crystal capacitors, a coupling capacitor, and a discharge cir-
cuit. The first liquid crystal capacitor is connected to a data
line through the first thin film transistor. The second liquid
crystal capacitor is connected in parallel to the first liquid
crystal capacitor through the coupling capacitor. The dis-
charge circuit is connected between the coupling capacitor
and the second liquid crystal capacitor, and it discharges
charges stored in the second liquid crystal capacitor.
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DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2006-116487, filed on
Nov. 23, 2006, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display panel.
More particularly, the present invention relates to a display
panel that may be capable of efficiently discharging charges
stored in pixels.

[0004] 2. Discussion of the Background

[0005] In general, a liquid crystal display (LCD) includes
an LCD panel. The LCD panel includes a thin film transistor
substrate, on which a thin film transistor is formed, a color
filter substrate, on which a color filter is formed, and a liquid
crystal layer between the thin film transistor substrate and the
color filter substrate. Since the LCD panel is not self-emis-
sive, it may include a backlight unit arranged behind the thin
film transistor substrate to irradiate light thereto. The trans-
mittance of light irradiated from the backlight unit is adjusted
according to alignment states of the liquid crystal layer.
[0006] An LCD may be thin, lightweight, and consume
little power, but a large LCD may be difficult to manufacture,
its contrast ratio could be improved, and its viewing angle
could be widened.

[0007] In order to widen the LCD’s viewing angle, a Pat-
terned Vertically Aligned (PVA) mode LCD has been devel-
oped. According to the PVA LCD, cutting patterns are formed
in both a pixel electrode and a common electrode, and the tilt
direction of the liquid crystal molecules is adjusted using a
fringe field formed by the cutting patterns, thereby improving
the viewing angle.

[0008] Inthe PVA LCD, the phase retardation of light pass-
ing through liquid crystal molecules may vary significantly
depending on the viewing angle between the front and lateral
side of the LCD. Therefore, the brightness of a low gray scale
may increase significantly in the lateral side of the LCD,
thereby deteriorating visibility and lowering contrast ratio. In
order to solve this problem, a Super-PVA (SPVA) LCD has
been developed. According to the SPVA LCD, a pixel elec-
trode is divided into a first section, to which a data voltage is
directly applied, and a second section, which is electrically
floated relative to the first section.

[0009] When an LCD panel turns off, a ground voltage is
applied thereto through gate lines. Thus, the ground voltage is
also applied to the gate electrode of a thin film transistor. In
this case, since an electric current of about 10pA to 1 nA may
flow in the thin film transistor, charges stored in pixels may be
discharged to the exterior through data lines in several hun-
dreds of milliseconds.

[0010] However, since the second section of the pixel elec-
trode in an SPVA LCD is electrically floated, (i.e. the second
section is electrically isolated from the first section, thin film
transistor, and data lines), charges stored in the second section
of the pixel electrode may not be properly discharged.
[0011] As these charges may not be easily discharged, a
voltage having the same polarity may be continuously applied
to the liquid crystal. Thus, an after image may remain on the
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LCD panel even when the LCD panel is off, and flicker may
occur during the operation of the LCD panel.

SUMMARY OF THE INVENTION

[0012] The present invention provides a display panel that
may be capable of improving brightness and side visibility.

[0013] Additional features 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.

[0014] The present invention discloses a display panel
including a plurality of gate lines to receive a gate pulse
having a gate on voltage and a gate off voltage, a plurality of
data lines crossing and insulated from the gate lines to receive
a first data voltage, and a plurality of pixels respectively
disposed in a plurality of pixel areas defined by the gate lines
and the data lines. A pixel includes a first thin film transistor,
a first liquid crystal capacitor, a coupling capacitor, a second
liquid crystal capacitor, and a discharge circuit. The first thin
film transistor is connected to an n” gate line and an m” data
line to output the first data voltage in response to the gate
pulse having the gate on voltage, where n and m are natural
numbers. The first liquid crystal capacitor is connected to the
first thin film transistor to charge the first data voltage as a
main pixel voltage, the coupling capacitor is connected in
parallel to the first liquid crystal capacitor to receive the first
data voltage, and the second liquid crystal capacitor is con-
nected to the coupling capacitor in series to charge a second
data voltage as a sub-pixel voltage. The second data voltage is
lower than the first data voltage. The discharge circuit is
connected between the coupling capacitor and the second
liquid crystal capacitor to form a discharge path of charges
stored in the second liquid crystal capacitor.

[0015] The present invention also discloses a display panel
including an array substrate having a plurality of gate lines to
receive a gate pulse, a plurality of data lines crossing and
insulated from the gate lines, and a plurality of pixels respec-
tively disposed in a plurality of pixel areas defined by the gate
lines and the data lines. The gate pulse has a gate on voltage
and a gate off voltage, and the data lines receive a first data
voltage. An opposite substrate is coupled with the array sub-
strate while facing the array substrate. The opposite substrate
includes a common electrode, and a liquid crystal layer is
interposed between the array substrate and the opposite sub-
strate. A pixel includes a first thin film transistor, a main pixel
electrode, a sub-pixel electrode, and a second thin film tran-
sistor. The first thin film transistor is connected to an n™ gate
line and an m” data line to output the first data voltage in
response to the gate pulse having a gate on voltage. The main
pixel electrode is connected to a first drain electrode of the
first thin film transistor to receive the first data voltage as a
main pixel voltage, and the sub-pixel electrode is spaced apart
from the main pixel electrode and partially overlaps with the
first drain electrode to receive a second data voltage lower
than the first data voltage as a sub-pixel voltage. The second
thin film transistor is connected to the sub-pixel electrode to
form a discharge path of voltage of the sub-pixel electrode.

[0016] Ttisto be understood that both the foregoing general
description and the following detailed description are exem-
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plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0018] FIG.1isanequivalent circuit diagram of a (nxm)-th
pixel included in a display panel according to an exemplary
embodiment of the present invention.

[0019] FIG.2and FIG. 3 are graphs showing waveforms for
the equivalent circuit of FIG. 1.

[0020] FIG. 4 shows a layout of the pixel of FIG. 1.
[0021] FIG. 5 is a cross-sectional view taken along line I-I'
of FIG. 4.

[0022] FIG. 6 is a cross-sectional view taken along line
II-IT" of FIG. 4.

[0023] FIG. 7 is a cross-sectional view taken along line

[I-11T' of FIG. 4.

[0024] FIG. 8is anequivalent circuit diagram of a (nxm)-th
pixel included in a display panel according to another exem-
plary embodiment of the present invention.

[0025] FIG. 9 shows a layout of the pixel of FIG. 8.
DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS
[0026] The invention is described more fully hereinafter

with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope ofthe inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0027] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected t0” another element or
layer, there are no intervening elements or layers present.
[0028] FIG.1isanequivalent circuit diagram of a (nxm)-th
pixel included in a display panel according to an exemplary
embodiment of the present invention, and FIG. 2 is a graph
showing waveforms for the equivalent circuit of FIG. 1.
[0029] Referring to FIG. 1 and FIG. 2, the (nxm)-th pixel
inchudes an n” gate line GL,, anm™ dataline DL, afirst thin
film transistor T1, and a discharge circuit DC. The first thin
film transistor T1 is connected to the n gate line GL,, and the
m” data line DL,,.

[0030] Specifically, a first gate electrode GE1 of the first
thin film transistor T1 is connected to the n™ gate line GL,,
and a first source electrode SE1 thereofis connected to the m™
data line DL ,. The first thin film transistor T1 also includes a
first drain electrode DE1.

[0031] When a gate pulse G, is applied to the n” gate line
GL,, a data voltage V,, is applied to the m? data line DL,.
The gate pulse G, includes a gate on voltage V,, that is
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maintained for a first time interval t1 and a gate off voltage
V thatis maintained for a second time interval t2. The second
Lo L
time interval t2 follows the first time interval t1.
[0032] As the first thin film transistor T1 is turned on in
response to the gate pulse G, in the first time interval t1, the
data voltage V ;; applied to the first source electrode SE1 is
output to the first drain electrode DE1.
[0033] After the first time interval t1, the first thin film
transistor T1 is turned off in response to the gate pulse G, in
the state of the gate off voltage V ¢ corresponding to the
second time interval t2.
[0034] The discharge circuit DC is connected to a (n-1)"
gate line GL,_, and the (m)* data line DL,
[0035] Specifically, the discharge circuit DC includes a
second thin film transistor T2 having a second gate electrode
GE2 connected to the (n-1)" gate line GL,,_,,and a second
source electrode SE2 connected to the m” data line DL . The
second thin film transistor T2 also includes a second drain
electrode DE2.
[0036] When the gate pulse G,_,,, is applied to the (n-1)"*
gate line GL,,_,,, the data voltage V ;, is applied to the m*
data line DL,,. The gate pulse G,_,,, includes the gate on
voltage V, that is maintained for a third time interval t3 and
the gate off voltage V,that is maintained for a fourth time
interval t4. The fourth time interval t4 follows the third time
interval t3.
[0037] As the second thin film transistor T2 is turned on in
response to the gate pulse G,_,, in the third time interval 3,
the data voltage V ,, applied to the second source electrode
SE2 is output to the second drain electrode DE2.
[0038] After the third time interval t3, the second thin film
transistor T2 is turned off in the fourth time interval t4.
[0039] The (nxm)-th pixel further includes a main pixel
MP, a coupling capacitor C,,, and a sub-pixel SP. The main
pixel MP is connected in parallel to the coupling capacitor C_,
through the first drain electrode DE1 of the first thin film
transistor T1, and the coupling capacitor C_, is connected to
the sub-pixel SP in series.
[0040] The main pixel MP includes a first liquid crystal
capacitor C,_, and a first storage capacitor C,;, which are
connected in parallel to the first drain electrode DE1.
[0041] Specifically, the first end of the first liquid crystal
capacitor C,_, is connected to the first drain electrode DE1 of
the first thin film transistor T1, and the second end thereof is
connected to the common electrode to which a common volt-
ageV_,,, 1s applied. The first end of the first storage capacitor
C,,, is connected to the first end of the first liquid crystal
capacitor C, ,, and the second end thereof is connected to the
common electrode.
[0042] The coupling capacitor C,, is connected between
the main pixel MP and the sub-pixel SP. That is, the first end
of the coupling capacitor C,, is connected to the first drain
electrode DE1 and the second end thereof is connected to the
sub-pixel SP.
[0043] The sub-pixel SP includes a second liquid crystal
capacitor C, ,, and a second storage capacitor C,,, connected
to the second end of the coupling capacitor C,, in parallel
with each other.
[0044] Particularly, the first end of the second liquid crystal
capacitor C,_, is connected to the second end of the coupling
capacitor C,, and the second end of the second liquid crystal
capacitor C,_, is connected to the common electrode. The first
end of the second storage capacitor C_,, is connected to the

second end of the coupling capacitor C_,, and the second end
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of the second storage capacitor C,,, is connected to the com-
mon electrode. Further, the first end of the second liquid
crystal capacitor C,_, and the first end of the second storage
capacitor C,, are also connected to the second drain electrode
DE2 of the second thin film transistor T2 included in the
discharge circuit DC.

[0045] As the gate on voltage V,, is applied to the n” gate
line GL,,, the first thin film transistor T1 is turned on, so that
the data voltage V , applied to the data line DL, is output to
the first drain electrode DE1. The data voltage V ;, output to
the first drain electrode DE1 is charged in the first liquid
crystal capacitor C,,; of the main pixel MP and the second
liquid crystal capacitor C,, of the sub-pixel SP. However, the
voltage charged in the second liquid crystal capacitor C,_, of
the sub-pixel SP is smaller than that charged in the first liquid
crystal capacitor C,, ofthe main pixel MP due to the coupling
capacitor C_,.

[0046] Liquid crystal molecules of the second liquid crystal
capacitor C,_, are tilted less than liquid crystal molecules of
the first liquid crystal capacitor C,_, due to the difference in
voltages charged in the first liquid crystal capacitor C,_; and
the second liquid crystal capacitor C,_,. As light passing
through the main pixel MP and the sub-pixel SP is combined,
the side viewing angle may be improved without degrading
brightness in front of the LCD.

[0047] In a conventional display panel, unlike the display
panel of FIG. 1, as the gate pulse G, in the state of the gate off
voltage is applied to the n” gate line GL,,, the first thin film
transistor T1 is turned off and serves as a resistor. Thus, the
first liquid crystal capacitor C,., may be discharged to the
exterior through the m™ data line DL, due to the first thin film
transistor T1. However, since the second liquid crystal
capacitor C,, is floated by the coupling capacitor C_,, the
second liquid crystal capacitor C,; may not be discharged to
the exterior.

[0048] However, according to the display panel of FIG. 1,
the first end of the second liquid crystal capacitor C,, is
connected to the second thin film transistor T2 of the dis-
charge circuit DC, thereby providing a discharge path for the
second liquid crystal capacitor C,,.

[0049] More specifically, as the gate pulse G, in the state of
the gate off voltage V , +is applied to the n” gate line GL , the
first thin film transistor T1 is turned off. In this case, since the
(n-1)" gate line GLy,-,, is also maintained in the gate off
voltage'V,; the second thin film transistor T2 in the discharge
circuit DC is also turned off.

[0050] Accordingly, the second thin film transistor T2 also
serves as a resistor that connects the first end of the second
liquid crystal capacitor C,_, to the m™ data line DL, As a
result, the second liquid crystal capacitor C,., may also be
discharged to the exterior due to the second thin film transis-
tor T2.

[0051]  As the gate pulse G,_,,, in the state of the gate on
voltage V,,, is applied to the (n-1)" gate line GL,_,, the
second thin film transistor T2 in the discharge circuit DC is
turned on. Accordingly, a predetermined amount of charges is
previously charged in the second liquid crystal capacitor C,,
due to the data voltage V .. If excessive charges are charged
in the second liquid crystal capacitor C,, in advance, the
discharge may notbe sufficiently performed for the short time
interval 12 during which the gate off voltage V,, yof the n™” gate
line GL,, is maintained. In order to minimize the amount of
charges that may be stored in the second liquid crystal capaci-
tor C,_,, the size, i.e. driving performance of the second thin
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film transistor T2 may be adjusted. Specifically, the second
thin film transistor T2 may be designed to have a size that is
20% or less of the size of the first thin film transistor T1. For
example, when the size of a transistor is defined as W/L (W
and L denote channel width and channel length, respectively),
the second thin film transistor T2 may be designed to have a
size that is 20% or less of the size of the first thin film
transistor T1.

[0052] FIG. 2 and FIG. 3 are graphs showing voltage wave-
forms for the main pixel MP and the sub-pixel SP included in
the display panel according to an exemplary embodiment of
the present invention. FIG. 2 shows a waveforms of the main
pixel voltage v, and the sub-pixel voltage V, , during normal
operation in a (nxm)-th pixel having no discharge circuit.
FIG. 2 also shows a waveforms of the main pixel voltage V,, .
and the sub-pixel voltage V. during normal operation in the
(nxm)-th pixel having the discharge circuit with the second
thin film transistor T2 with a size thatis 20% or less of the size
of the first thin film transistor T1. FIG. 3 shows a waveforms
of the main pixel voltage V, , and the sub-pixel voltage V,
during normal operation in a (nxm)-th pixel having no dis-
charge circuit. FIG. 3 also shows a waveforms of the main
pixel voltage V,, . and the sub-pixel voltage V. during nor-
mal operation in the (nxm)-th pixel having the discharge
circuit with the second thin film transistor T2 with a size that
is more than 20% of the size of the first thin film transistor T1.
[0053] As shown in FIG. 2, although each pixel has the
discharge circuit including the second thin film transistor T2,
no problems occur in normal operation. However, when the
second thin film transistor T2 has a size that is more than 20%
of the size of the first thin film transistor T1, a voltage differ-
ence may occur between the sub-pixel voltage V. and V , as
shown in FIG. 3. Accordingly, the second thin film transistor
T2 may be designed to have a size that is 20% or less of the
size of the first thin film transistor T1 as described above.
[0054] FIG. 4 is a layout of the (nxm)-th pixel of FIG. 1,
FIG. 5 is a cross-sectional view taken along line I-I' of FIG. 4,
FIG. 6 is a cross-sectional view taken along line II-IT' of FIG.
4, and F1G. 7 is a cross-sectional view taken along line III-III'
of FIG. 4.

[0055] Referring to FIG. 4 and FI1G. 5, the display panel 100
includes an array substrate 110, an opposite substrate 120
coupled to the array substrate 110 while facing the array
substrate 110, and a liquid crystal layer 130 interposed
between the array substrate 110 and the opposite substrate
120.

[0056] The array substrate 110 includes a first base sub-
strate 111, and the gate and data lines GL,, GL,,_;,  and
DL,,DL,,,, are formed on the first base substrate 111.
The gate lines GL, GL,,_;, extend in the first direction D1,
and the data lines DL, DL,,,,,  extend in the second
direction D2, which is substantially perpendicular to the first
direction D1. Further, the data lines DL, DL,,.,,  cross
with and are insulated from the gate lines GL,,, GL,,_,, ,s0
that a plurality of pixel areas are defined by the gate and data
lines GL,,,GL,_,, andDL,,DL, ., .

[0057] A gate insulating layer 112, semiconductor islands
113, and ohmic contact islands 114 are arranged on the first
base substrate 111.

[0058] The semiconductor islands 113 may be hydroge-
nated amorphous silicon or polysilicon, and the ohmic con-
tact islands 114 may be amorphous silicon doped with a high
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concentration of an impurity, polysilicon, or silicide. The
ohmic contact islands 114 are disposed in pairs on the semi-
conductor islands 113.

[0059] Each pixel area includes the first thin film transistor
T1, the second thin film transistor T2, the main pixel MP, and
the sub-pixel SP.

[0060] Referring to FIG. 5, the first thin film transistor T1 is
connected to the gate and data lines GL,,, and DL,,. The gate
electrode GE of the first thin film transistor T1 branches from
the gate line GL, and the source electrode SE thereof
branches from the data line DL,,. The first drain electrode
DEL of the first thin film transistor T1 is connected to the
main pixel MP.

[0061] The thin film transistor T1 outputs a data voltage,
which is applied through the data line DL, to the first drain
electrode DE1 in response to the gate pulse applied through
the gate line GL,,.

[0062] The main pixel MP includes a main pixel electrode
MPE and a main storage electrode MSE, and the sub-pixel SP
includes a sub-pixel electrode SPE and a sub-storage elec-
trode SSE. The main pixel electrode MPE and the sub-pixel
electrode SPE have sizes that are different from each other. A
lateral side of the main pixel electrode MPE and the sub-pixel
electrode SPE, which is parallel with the data line DL, may
be bent in the first direction D1, that is, the extending direc-
tion of the gate line GL,.

[0063] The main pixel electrode MPE is connected to the
first drain electrode DE1 of the first thin film transistor T1
through a first contact hole C1, and it receives the data volt-
age.

[0064] The sub-pixel electrode SPE overlaps with an
extended part A of the first drain electrode DE1 to form the
coupling capacitor C_,.

[0065] The main pixel electrode MPE is spaced apart from
the sub-pixel electrode SPE. Accordingly, the main pixel
electrode MPE is capacitively coupled to the sub-pixel elec-
trode SPE during the first time interval t1 (see FIG. 1) in
which the gate pulse Gni in the state of the gate on voltage V_,,
is applied to the first thin film transistor T1. After the first time
interval t1, as the first thin film transistor T1 is turned off
during the second time interval t2, the main pixel electrode
MPE is electrically isolated from the sub-pixel electrode SPE.
In the present exemplary embodiment, an area between the
main pixel electrode MPE and the sub-pixel electrode SPE in
one pixel area corresponds to an area without a pixel elec-
trode, and will be defined as a first opening O1.

[0066] The main storage electrode MSE and the sub-stor-
age electrode SSE are integrally formed with each other, and
overlap with the main pixel electrode MPE and the sub-pixel
electrode SPE, respectively. In detail, the main storage elec-
trode MSE extends in the first direction D1 and partially
overlaps with the main pixel electrode MPE. The main pixel
electrode MPE partially overlaps with the main storage elec-
trode MSE to form the first storage capacitor C,,.

[0067] The sub-storage electrode SSE extends in the sec-
onddirection D2 while interposing the main storage electrode
MSE, and partially overlaps with the sub-pixel electrode SPE.
The sub-pixel electrode SPE overlaps with the sub-storage
electrode SSE to form the second storage capacitor C_,,. The
common voltage Vcom is applied to the main storage elec-
trode MSE and the sub-storage electrode SSE.

[0068] Referring to FIG. 4, FIG. 6 and FIG. 7, the second
thin film transistor T2 is connected to the (n-b 1) gate GL,_,
and the m” data line DL,,.. The gate electrode GEq,_,,of the
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second thin film transistor T2 branches from the (n-1)" gate
line GL,_,, and the source electrode SE,,_,  thereofbranches
from the data line DL,,. The second drain electrode DE2 of
the second thin film transistor T2 is spaced apart from the
source electrode SE,,,_;, by a predetermined interval. Further,
the second drain electrode DE2 partially extends to be con-
nected to the sub-pixel electrode SPE through a second con-
tacthole C2. Accordingly, the second liquid crystal capacitor
C,., including the sub-pixel electrode SPE is connected to the
second thin film transistor T2, thereby providing a discharge
path for the second liquid crystal capacitor C,_,.

[0069] The second thin film transistor T2 shares the gate
electrode GE,,_,, of the first thin film transistor T1 that is
comnected to the (n-1)” gate line GL,,_,), as well as the
source electrode SE,, ;) and the semiconductor layer 113.
Accordingly, since the second thin film transistor T2 and the
first thin film transistor T1 may be substantially simulta-
neously formed through the same process, an additional pro-
cess of forming the second thin film transistor T2 is not
required.

[0070] Referring to FIG. 5, the opposite substrate 120
includes a second base substrate 121, a black matrix 122, a
color filter layer 123, and a common electrode 124.

[0071] The black matrix 122 includes a light blocking
material and is formed on the second base substrate 121. The
black matrix 122 is formed in a non-effective area of one pixel
to prevent light leakage.

[0072] The color filter layer 123 includes red, green, and
blue color filters and is formed in an effective area of one
pixel.

[0073] The common electrode 124 is formed over the

whole area of the black matrix 122 and the color filter layer
123. A plurality of second openings O2 may be formed in the
common electrode 124 through a patterning process. The
second openings O2 are formed at different positions than the
first openings O1. Also, each first opening O1 is located
between two adjacent second openings O2.

[0074] The first and second openings O1 and O2 form a
plurality of domains, in which the liquid crystal molecules are
aligned in different directions, in one pixel area. As described
above, the liquid crystal molecules are aligned in different
directions in the different domains, so that a change in vis-
ibility in accordance with a viewing angle is reduced due to
the mutual compensation effect between the domains. There-
fore, the display apparatus may have a wider viewing angle.
[0075] FIG. 8isanequivalent circuit diagram of a (nxm)-th
pixel included in a display panel according to another exem-
plary embodiment of the present invention, and FIG. 9 is a
layout of the pixel of FIG. 8.

[0076] InFIG. 8 and FIG. 9, the same reference numerals
denote the same elements in FIG. 1 and FIG. 4, and thus the
detailed descriptions of the same elements will be omitted.
[0077] Referring to FIG. 8 and FIG. 9, the (nxm)-th pixel
includes ann” gate line GL,, an m® dataline DL, a first thin
film transistor T1, and a discharge circuit DC. The first thin
film transistor T1 is connected to the n” gate line GL,, and the
m™ data line DL,,. The discharge circuit DC includes a sec-
ond thin film transistor T2.

[0078] The display panel of FIG. 8 and FIG. 9 provides a
different discharge path for the second liquid crystal capacitor
C,., than that of the previous embodiment.

[0079] In detail, the discharge path of the second liquid
crystal capacitor C,_, is formed through the second thin film
transistor T2 that is connected to a (n-1)" gate line and a
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(m+1)” data line. That is, when the first thin film transistor T1
is turned off in response to a gate pulse Gni in the state of the
gate off voltage Voff, the discharge of charges stored in the
second liquid crystal capacitor C, , starts through the (m+1)™
data line.

[0080] As described above, the discharge path of the elec-
trically floated second liquid crystal capacitoris formed in the
display panel, so that the charges stored in the second liquid
crystal capacitor may be effectively discharged.

[0081] Thus, the display panel may prevent the after image
on a display screen caused by charges stored in the second
liquid crystal capacitor, thereby improving the display quality
of the display panel.

[0082] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover 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 display panel, comprising:

aplurality of gate lines to receive a gate pulse comprising
a gate on voltage and a gate off voltage;

aplurality of data lines crossing and insulated from the gate
lines, the data lines to receive a first data voltage; and

a plurality of pixels respectively disposed in a plurality of
pixel areas defined by the gate lines and the data lines,

wherein a pixel comprises:

a first thin film transistor connected to an n” gate line and
an m” data line to output the first data voltage in
response to the gate pulse having the gate on voltage, n
and m being natural numbers;

afirst liquid crystal capacitor connected to the first thin film
transistor to charge the first data voltage as a main pixel
voltage;

acoupling capacitor connected in parallel to the first liquid
crystal capacitor to receive the first data voltage;

asecond liquid crystal capacitor connected to the coupling
capacitor in series to charge a second data voltage as a
sub-pixel voltage, the second data voltage being lower
than the first data voltage; and

adischarge circuit connected between the coupling capaci-
tor and the second liquid crystal capacitor to form a
discharge path of charges stored in the second liquid
crystal capacitor.

2. The display panel of claim 1, wherein the discharge

circuit comprises a second thin film transistor.

3. The display panel of claim 2, wherein the first thin film

transistor comprises:

a first gate electrode connected to the n” gate line;

a first source electrode connected to the m” data line; and

a first drain electrode,

wherein the second thin film transistor comprises:

a second gate electrode connected to an (n-1)* gate line;

a second source electrode connected to the m” data line;
and

a second drain electrode connected between the coupling
capacitor and the second liquid crystal capacitor.

4. The display panel of claim 3, wherein the discharge path

comprises the second thin film transistor and the m™ data line.

5. The display panel of claim 3, wherein a discharge of the

charges stored in the second liquid crystal capacitor starts
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when the first thin film transistor is turned off in response to
the gate pulse having the gate off voltage.

6. The display panel of claim 2, wherein the first thin film
transistor comprises:

a first gate electrode connected to the n gate line;

a first source electrode connected to the m™ data line; and

a first drain electrode,

wherein the second thin film transistor comprises:

a second gate electrode connected to an (n—1)* gate line;

a second source electrode connected to an (m+1)” data
line; and

a second drain electrode connected between the coupling
capacitor and the second liquid crystal capacitor.

7. The display panel of claim 6, wherein the discharge path
comprises the second thin film transistor and the (m+1)” data
line.

8. The display panel of claim 2, wherein W/L of the second
thin film transistor is 20% or less of W/L of the first thin film
transistor, W being a channel width and L being a channel
length of the thin film transistor.

9. The display panel of claim 1, wherein the pixel further
comprises:

a first storage capacitor connected in parallel to the first

liquid crystal capacitor; and

a second storage capacitor connected in parallel to the
second liquid crystal capacitor.

10. A display panel, comprising:

an array substrate comprising a plurality of gate lines to
receive a gate pulse, a plurality of data lines crossing and
insulated from the gate lines, and a plurality of pixels
respectively disposed in a plurality of pixel areas defined
by the gate lines and the data lines, in which the gate
pulse comprises a gate on voltage and a gate off voltage,
and the data lines receive a first data voltage;

an opposite substrate coupled with the array substrate
while facing the array substrate, the opposite substrate
comprising a common electrode; and

aliquid crystal layer interposed between the array substrate
and the opposite substrate,

wherein a pixel comprises:

a first thin film transistor connected to an n™ gate line and
an m” data line to output the first data voltage in
response to the gate pulse having a gate on voltage;

amain pixel electrode connected to a first drain electrode of
the first thin film transistor to receive the first data volt-
age as a main pixel voltage;

a sub-pixel electrode spaced apart from the main pixel
electrode and partially overlapping with the first drain
electrode to receive a second data voltage lower than the
first data voltage as a sub-pixel voltage; and

a second thin film transistor connected to the sub-pixel
electrode to form a discharge path of voltage of the
sub-pixel electrode.

11. The display panel of claim 10, wherein the first thin film

transistor comprises:

a first gate electrode branching from the n” gate line; and

a first source electrode disposed on the first gate electrode,
the first source electrode branching from the m” data
line;

wherein the second thin film transistor comprises:

a second gate electrode branching from an (n-1)" gate
line;
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a second source electrode disposed on the second gate
electrode, the second source electrode branching from
the m” data line; and

a second drain electrode spaced apart from the second
source electrode and connected to the sub-pixel elec-
trode.

12. The display panel of claim 11, wherein the discharge
path comprises the second thin film transistor and the m” data
line.

13. The display panel of claim 10, wherein the first thin film
transistor comprises:

afirst gate electrode branching from the n™ gate line; and

a first source electrode disposed on the first gate electrode,
the first source electrode branching from the m” data
line;

wherein the second thin film transistor comprises:

a second gate electrode branching from an (n-1)* gate
line;

a second source electrode disposed on the second gate
electrode, the second source electrode branching from
an (m+1)™ data line; and
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a second drain electrode spaced apart from the second
source electrode and connected to the sub-pixel elec-
trode.

14. The display panel of claim 13, wherein the discharge
path comprises the second thin film transistor and the (m+1)"
data line.

15. The display panel of claim 10, wherein the pixel further
comprises:

amain storage electrode partially overlapping with an edge
of the main pixel electrode; and

a sub-storage electrode partially overlapping with an edge
of the sub-pixel electrode.

16. The display panel of claim 15, wherein the main storage

electrode is integrally formed with the sub-storage electrode.

17. The display panel of claim 10, wherein the first thin film
transistor and the second thin film transistor are substantially
simultaneously formed through the same process.

18. The display panel of claim 17, wherein W/L of the
second thin film transistor is 20% or less of W/L of the first
thin film transistor, W being a channel width and L being a
channel length of the thin film transistor.

® %k % ok
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