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DISPLAY PANEL AND DISPLAY APPARATUS
HAVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0093461, filedon Aug. 7, 2013, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the invention relateto a
display panel and a display apparatus including the display
panel. More particularly, exemplary embodiments of the
invention relate to a display panel with improved display
quality and a display apparatus including the display panel.
[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (“LCD”) appara-
tus includes a first substrate including a pixel electrode, a
second substrate including a common electrode and a liquid
crystal layer disposed between the first and second substrates.
An electric field is generated by voltages applied to the pixel
electrode and the common electrode. By adjusting intensity
of the electric field, transmittance of light passing through the
liquid crystal layer may be adjusted to display an image.
[0006] When a resolution of the LCD apparatus is high, an
image having a high display quality may be displayed, so that
the resolution of the LCD apparatus is increasing recently. As
the resolution of the LCD increases, a charging duration of the
pixel decreases.

[0007] A desired voltage may not be charged to a pixel far
from a data driver due to increase of resistance of a data line
according to increase of length of the data line and the insuf-
ficient charging duration. Thus, a stain may be generated
according to a position of a display panel.

[0008] In addition, when a current of the data driver
increases to charge the pixel in short time, the data driver may
generate heatand a power consumption of the data driver may
increase.

SUMMARY

[0009] Exemplary embodiments of the invention provide a
display panel with improved display quality and reduced
power consumption.

[0010] Exemplary embodiments of the invention also pro-
vide a display apparatus including the display panel.

[0011] In an exemplary embodiment of a display panel
according to the invention, the display panel includes a plu-
rality of setting gate lines to which a setting gate signal is
applied, a plurality of charging gate lines to which a charging
gate signal is applied, a plurality of data lines to which a data
voltage is applied. and a plurality of pixels connected to the
setting gate lines, the charging gate lines and the data lines,
where each of the pixels includes a first switching element
connected to a corresponding setting gate line of the setting
gate lines and a corresponding data line of the data lines, a
control capacitor configured to charge an output voltage of
the first switching element, an amplifying part configured to
amplify the output voltage of the first switching element
charged at the control capacitor, a power supplying part con-
nected to a corresponding charging gate line of the charging
gate lines and configured to supply a power voltage to the
amplifying part, and a liquid crystal capacitor configured to
charge an output voltage of the amplifying part.
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[0012] In an exemplary embodiment, the first switching
element may include a control electrode connected to the
corresponding setting gate line, an input electrode connected
to the corresponding data line, and an output electrode con-
nected to a first terminal of the control capacitor.

[0013] In an exemplary embodiment, the amplifying part
may include a second switching element and a third switching
element, where the second switching element and the third
switching element may be connected to each other in series,
an input node of the amplifying part may be connected to a
first terminal of the control capacitor, and an output node of
the amplifying part may be connected to a first terminal of the
liquid crystal capacitor.

[0014] Inan exemplary embodiment, the second switching
element may be a P-type transistor and the third switching
element may be an N-type transistor.

[0015] In an exemplary embodiment, the power supplying
part may include a fourth switching element and a fifth
switching element, where the fourth switching may include a
control electrode connected to the corresponding charging
gate line, an input electrode to which a high power voltage is
applied and an output electrode connected to an input elec-
trode of the second switching element, and the fifth switching
may include a control electrode connected to the correspond-
ing charging gate line, an input electrode connected to an
output electrode of the third switching element and an output
electrode to which a ground voltage is applied.

[0016] In an exemplary embodiment, a high level duration
of the charging gate signal may be longer than a high level
duration of the setting gate signal.

[0017] In an exemplary embodiment, the high level dura-
tions of the charging gate signal may be about N times the
high level duration of the setting gate signal, and N may be a
positive integer equal to or greater than two.

[0018] Inanexemplary embodiment, the charging gate sig-
nal applied to the corresponding charging gate line may be
generated by OR operation of a plurality of setting gate sig-
nals to be applied to N setting gate lines of the setting gate
lines, where the N setting gate lines includes the correspond-
ing setting gate line.

[0019] In an exemplary embodiment, a capacitance of the
liquid crystal capacitor may be greater than a capacitance of
the control capacitor.

[0020] In an exemplary embodiment, when a pixel voltage
charged at the liquid crystal capacitor is denoted by x and a
gain of the amplifying part is denoted by A, the data voltage
may be about x/A.

[0021] In an exemplary embodiment, the amplifying part
may include an inverting amplifier.

[0022] Inanexemplary embodiment of adisplay apparatus,
according to the invention, the display apparatus includes a
setting gate driving part which generates a setting gate signal;
a charging gate driving part which generates a charging gate
signal; a data driver which generates a data voltage; and a
display panel including a plurality of setting gate lines to
which the setting gate signal is applied, a plurality of charging
gate lines to which the charging gate signal is applied; a
plurality of data lines to which the data voltage is applied, and
a plurality of pixels connected to the setting gate lines, the
charging gate lines and the data lines, where each of the pixels
includes a first switching element connected to a correspond-
ing setting gate line of the setting gate lines and a correspond-
ing data line of the data lines, a control capacitor configured
to charge an output voltage of the first switching element, an
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amplifying part configured to amplify the output voltage of
the first switching element charged at the control capacitor, a
power supplying part connected to a corresponding charging
gate line of the charging gate lines and configured to supply
power to the amplifying part, and a liquid crystal capacitor
configured to charge an output voltage of the amplifying part.

[0023] In an exemplary embodiment, the first switching
element may include a control electrode connected to the
corresponding setting gate line, an input electrode connected
to the corresponding data line and an output electrode con-
nected to a first terminal of the control capacitor.

[0024] In an exemplary embodiment, the amplifying part
may include a second switching element and a third switching
element, where the second switching element and the third
switching element may be connected to each other in series,
an input node of the amplifying part may be connected to a
first terminal of the control capacitor, and an output node of
the amplifying part may be connected to a first terminal of the
liquid crystal capacitor.

[0025] Inanexemplary embodiment, the second switching
element may be a P-type transistor and the third switching
element may be an N-type transistor.

[0026] In an exemplary embodiment, the power supplying
part may include a fourth switching element and a fifth
switching element, the fourth switching may include a control
electrode connected to the charging gate line, an input elec-
trode to which a high power voltage is applied and an output
electrode connected to an input electrode of the second
switching element, and the fifth switching may include a
control electrode connected to the charging gate line, an input
electrode connected to an output electrode of the third switch-
ing element and an output electrode to which a ground voltage
is applied.

[0027] Inan exemplary embodiment, a high level duration
of the charging gate signal may be longer than a high level
duration of the setting gate signal.

[0028] In an exemplary embodiment, the high level dura-
tions of the charging gate signal may be about N times the
high level duration of the setting gate signal, and N may be a
positive integer equal to or greater than two.

[0029] In an exemplary embodiment, the setting gate driv-
ing part may output the setting gate signal to the setting gate
line and the charging gate driving part, and the charging gate
driving part may generate the charging gate signal based on
the setting gate signal.

[0030] Inanexemplary embodiment, the charging gate sig-
nal applied to the corresponding charging gate line may be
generated by OR operation of a plurality of setting gate sig-
nals to be applied to N setting gate lines of the setting gate
lines, where the N setting gate lines includes the correspond-
ing setting gate line.

[0031] According to exemplary embodiments of the dis-
play panel and the display apparatus including the display
panel, the display panel includes an amplifying part such that
acharging time of a pixel may be decreased. In such embodi-
ments, a stain on the display panel may be effectively pre-
vented such that a display quality is substantially improved.
In such embodiments, amplitude of a data voltage may be
decreased such that power consumption of the display appa-
ratus substantially decreases.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features of the invention will
become more apparent by describing in detailed exemplary
embodiments thereof with reference to the accompanying
drawings, in which:

[0033] FIG. 11is a block diagram illustrating an exemplary
embodiment of a display apparatus, according to the inven-
tion;

[0034] FIG. 2 is a circuit diagram illustrating a gate driver,
a data driver and a pixel in a display panel of FIG. 1;

[0035] FIG. 3 is a waveform diagram illustrating input sig-
nals and node signals of the pixel of FIG. 2;

[0036] FIG. 4 is a signal timing diagram of gate signals of
the gate driver of FIG. 1;

[0037] FIG. 5is a signal timing diagram of gate signals of
a gate driver of an exemplary embodiment of the display
apparatus, according to the invention; and

[0038] FIG. 6 is a circuit diagram illustrating a gate driver,
a data driver and a pixel in a display panel of an alternative
exemplary embodiment of a display apparatus, according to
the invention.

DETAILED DESCRIPTION

[0039] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments 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
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.

[0040] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervering
elements present.

[0041] Itwill beunderstood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, “a first element,” “component,” “region,” “layer” or
“section” discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0042] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the pres-
ence of stated features, regions, integers, steps, operations,

elements, and/or components, but do not preclude the pres-
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ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0043] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower,” can therefore, encom-
passes both an orientation of “lower” and “upper,” depending
on the particular orientation of the figure. Similarly, if the
device in one of the figures is turned over, elements described
as “below” or “beneath™ other elements would then be ori-
ented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0044] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.

[0045] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0046] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0047] Hereinafter, exemplary embodiments of the inven-
tion will be described in detail with reference to the accom-
panying drawings.

[0048] FIG. 11is a block diagram illustrating an exemplary
embodiment of a display apparatus, according to the inven-
tion.

[0049] Referring to FIG. 1, an exemplary embodiment of
the display apparatus includes a display panel 100 and a panel
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driver. The panel driver includes a timing controller 200, a
gate driver 300, a gamma reference voltage generator 400 and
a data driver 500.

[0050] The display panel 100 includes a display region on
which an image is displayed and a peripheral region adjacent
to the display region.

[0051] The display panel 100 includes a plurality of setting
gate lines GLS, a plurality of charging gate lines GLC, a
plurality of data lines DL and a plurality of pixels P. The
setting gate lines GLS and the charging gate lines GL.C extend
substantially in a first direction D1, and the data lines DL
extend substantially in a second direction D2 crossing the first
direction D1. The first and second directions D1 and D2 may
be substantially perpendicular to each other.

[0052] Each pixel P is electrically connected to a corre-
sponding setting gate line GLS, a corresponding charging
gate line GLC and a corresponding data line DL.

[0053] Each pixel P includes a switching element, a charg-
ing part and a power supplying part. The pixels P may be
disposed substantially in a matrix form. In one exemplary
embodiment, for example, a resolution of the display panel
100 may be 3840x2120. In such an embodiment, the display
panel may include 3840x2120%3 pixels P. A structure of the
pixel P will be described later in greater detail referring to
FIG. 2.

[0054] The timing controller 200 receives input image data
RGB and an input control signal CONT from an external
apparatus (not shown). The input image data may include red
image dataR, green image data G and blue image data B. The
input control signal CONT may include a master clock signal
and a data enable signal. The input control signal CONT may
include a vertical synchronizing signal and a horizontal syn-
chronizing signal.

[0055] The timing controller 200 generates a first control
signal CONT1, a second control signal CONT2, a third con-
trol signal CONT3 and a data signal DATA based on the input
image data RGB and the input control signal CONT.

[0056] The timing controller 200 generates the first control
signal CONT 1 for controlling an operation of the gate driver
300 based on the input control signal CONT, and outputs the
first control signal CONT1 to the gate driver 300. The first
control signal CONT1 may further include a vertical start
signal and a gate clock signal.

[0057] Thetiming controller 200 generates the second con-
trol signal CONT2 for controlling an operation of the data
driver 500 based on the input control signal CONT, and
outputs the second control signal CONT?2 to the data driver
500. The second control signal CONT2 may include a hori-
zontal start signal and a load signal.

[0058] The timing controller 200 generates the data signal
DATA based on the input image data RGB. The timing con-
troller 200 outputs the data signal DATA to the data driver
500.

[0059] Thetimingcontroller 200 generates the third control
signal CONT3 for controlling an operation of the gamma
reference voltage generator 400 based on the input control
signal CONT, and outputs the third control signal CONT3 to
the gamma reference voltage generator 400.

[0060] The gate driver 300 generates gate signals to be
applied to the setting and charging gate lines GLS and GL.C in
response to the first control signal CONT1 received from the
timing controller 200. The gate driver 300 sequentially out-
puts the gate signals to the setting and charging gate lines
GLS and GLC.
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[0061] In one exemplary embodiment, for example, the
gate driver 300 generates setting gate signals to drive the
setting gate lines GLS, and outputs the setting gate signals to
the setting gate lines GLS. In one exemplary embodiment, for
example, the gate driver 300 generates charging gate signals
to drive the charging gate lines GLC, and outputs the charging
gate signals to the charging gate lines GLC.

[0062] In an exemplary embodiment, the gate driver 300
may be directly mounted on the display panel 100, or may be
connected to the display panel 100 as a tape carrier package
(“TCP”) type. In an alternative exemplary, the gate driver 300
may be integrated on the peripheral region of the display
panel 100.

[0063] The gamma reference voltage generator 400 gener-
ates a gamma reference voltage VGREF in response to the
third control signal CONT3 received from the timing control-
ler 200. The gamma reference voltage generator 400 provides
the gamma reference voltage VGREF to the data driver 500.
The gamma reference voltage VGREF has a value corre-
sponding to a level, e.g., a voltage level, of the data signal
DATA.

[0064] Inanexemplary embodiment, the gamma reference
voltage generator 400 may be disposed in the timing control-
ler 200, or in the data driver 500,

[0065] The data driver 500 receives the second control sig-
nal CONT2 and the data signal DATA from the timing con-
troller 200, and receives the gamma reference voltages
VGREF from the gamma reference voltage generator 400.
The data driver 500 converts the data signal DATA into data
voltages of analog type using the gamma reference voltages
VGREF. The data driver 500 sequentially outputs the data
voltages to the data lines DL.

[0066] The data driver 500 may include a shift register (not
shown), a latch (not shown), a signal processing part (not
shown) and a buffer part (not shown). The shift register out-
puts a latch pulse to the latch. The latch temporally stores the
data signal DATA. The latch outputs the data signal DATA to
the signal processing part. The signal processing part gener-
ates a data voltage of analog type based on the data signal of
digital type and the gamma reference voltage VGREF. The
signal processing part outputs the data voltage to the buffer
part. The buffer part compensates the data voltage to have a
substantially uniform level. The buffer part outputs the com-
pensated data voltage to the data line DL.

[0067] In an exemplary embodiment, the data driver 500
may be directly mounted on the display panel 100, or be
connected to the display panel 100 in a TCP type. In an
alternative exemplary embodiment, the data driver 500 may
be integrated on the display panel 100.

[0068] FIG.2isacircuitdiagram illustrating the gate driver
300, the data driver 500 and the pixel P of the display panel
100 0f FIG. 1. FIG. 3 is a waveform diagram illustrating input
signals and node signals of the pixel P of FIG. 2.

[0069] Referring to FIGS. 1 to 3, the display panel 100
includes the setting gate line GLS, the charging gate line
GLC, the data line DL and the pixel P.

[0070] The gate driver 300 includes a setting gate driving
part (also referred to as GDS in FIG. 2) 310 and a charging
gate driving part (also referred to as GDC in FIG. 2) 320. The
setting gate driving part 310 generates the setting gate signal
GSS based on the first control signal CONT1, and applies the
setting gate signal GSS to the setting gate line GLS. The
charging gate driving part 320 generates the charging gate
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signal GSC based on the first control signal CONT1, and
applies the charging gate signal GSC to the charging gate line
GLC.

[0071] The setting gate line GLS provides the setting gate
signal GSS to the pixel P. The charging gate line GLC pro-
vides the charging gate signal GSC to the pixel P.

[0072] The pixel P includes a first switching element T1, a
control capacitor C1, an amplifying part AMP, a power sup-
plying part and a liquid crystal capacitor CLC.

[0073] The first switching element T1 is connected to the
setting gate line GLS and the data line DL. The first switching
element T1 includes a control electrode connected to the
setting gate line GLS, an input electrode connected to the data
line DL and an output electrode connected to a first node N1.
[0074] The first switching element T1 may be a thin film
transistor (“TFT”). The first switching element T1 may be an
N-type transistor. The control electrode of the first switching
element T1 may be a gate electrode. The input electrode of the
first switching element T1 may be a source electrode. The
output electrode of the first switching element T1 may be a
drain electrode.

[0075] The control capacitor C1 charges an output voltage
of the first switching element T1. The control capacitor C1
includes a first terminal connected to the first node N1 and a
second terminal to which a ground voltage is applied.
[0076] In an exemplary embodiment, the amplifying part
AMP amplifies the output voltage of the first switching ele-
ment T1 charged at the control capacitor C1. The amplifying
part AMP includes a second switching element T2 and a third
switching element T3. The second switching element T2 and
the third switching element T3 are connected to each other in
series.

[0077] Thesecond switching element T2 includes a control
electrode connected to the first node N1, an input electrode
connected to an output electrode of a fourth switching ele-
ment T4 of the power supplying part and an output electrode
connected to a second node N2.

[0078] The third switching element T3 includes a control
electrode connected to the first node N1, an input electrode
connected to the second node N2 and an output electrode
connected to an input electrode of a fifth switching element
T5 of the power supplying part.

[0079] Thefirst node N1 may be connected to aninput node
of the amplifying part AMP. The second node N2, to which
the output electrode of the second switching element T2 and
the input electrode of the third switching element T3 are
connected, may be connected to an output node of the ampli-
fying part AMP.

[0080] The second switching element T2 may be a TFT.
The second switching element T2 may be a P-type transistor.
The control electrode of the second switching element T2
may be a gate electrode. The input electrode of the second
switching element T2 may be a source electrode. The output
electrode of the second switching element T2 may be a drain
electrode.

[0081] The third switching element T3 may be a TFT. The
third switching element T3 may be an N-type transistor. The
control electrode of the third switching element T3 may be a
gate electrode. The input electrode of the third switching
element T3 may be a source electrode. The output electrode of
third switching element T3 may be a drain electrode.

[0082] In an exemplary embodiment of the invention, the
amplifying part AMP may include an inverting amplifier.
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[0083] The power supplying part is connected to the charg-
ing gate line GLC to supply a power voltage to the amplifying
part AMP. The power supplying part includes the fourth and
fifth switching elements T4 and T5. The fourth and fifth
switching elements T4 and T5 are connected to the charging
gate line GLC.

[0084] The fourth switching element T4 includes a control
electrode connected to the charging gate line GL.C, an input
electrode, to which a high power voltage VDD is applied, and
the output electrode connected to the input electrode of the
second switching element T2.

[0085] The fifth switching element T5 includes a control
electrode connected to the charging gate line GLC, the input
electrode connected to the output electrode of the third
switching element T3 and an output electrode, to which a
ground voltage is applied.

[0086] The fourth switching element T4 may bea TFT. The
fourth switching element T4 may be an N-type transistor. The
control electrode of the fourth switching element T4 may be
a gate electrode. The input electrode of the fourth switching
element T4 may be a source electrode. The output electrode of
fourth switching element T4 may be a drain electrode.

[0087] The fifth switching element T5 may be a TFT. The
fifth switching element T5 may be an N-type transistor. The
control electrode of the fifth switching element T5 may be a
gate electrode. The input electrode of the fifth switching
element T5 may be a source electrode. The output electrode of
fifth switching element TS5 may be a drain electrode.

[0088] Hereinafter, an operation of the pixel P will be
described.
[0089] Thedatadriver (also referredto as SD in FIG. 2) 500

applies a data voltage DV to be charged at the control capaci-
tor C1 to the data line DL.

[0090] When the setting gate signal GSS is in a high level,
the first switching element T1 is turned on, the data voltage
DV is charged at the control capacitor C1.

[0091] A capacitance of the control capacitor C1 may be
less than a capacitance of the liquid crystal capacitor CLC. In
one exemplary embodiment, for example, the capacitance of
the control capacitor C1 may be equal to or less than about a
half of the capacitance of the liquid crystal capacitor CLC.

[0092] In such an embodiment, the data voltage DV
charged at the control capacitor C1 is amplified by the ampli-
fying part AMP, and the data voltage DV charged at the
control capacitor C1 may be less than a pixel voltage charged
at the liquid crystal capacitor CLC.

[0093] In one exemplary embodiment, for example, when
the pixel voltage charged at the liquid crystal capacitor CLC
is denoted by x, and a gain (an absolute value of a gain) of the
amplifier AMP is denoted by A, the data voltage DV may be
x/A. In one exemplary embodiment, for example, the gain of
the amplifier AMP may be substantially equal to or greater
than two.

[0094] The capacitance of the control capacitor C1 is less
than the capacitance of the liquid crystal capacitor CLC such
that the charging duration may be decreased compared to a
conventional display panel.

[0095] When the setting gate signal GSS is in the high level,
the charging gate signal GSC may be in ahigh level. When the
charging gate signal GSC is in the high level, the fourth and
fifth switching elements T4 and T5 are turned on such that the
power voltage is supplied to the amplifying part AMP. The
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amplifying part AMP amplifies the voltage charged at the
control capacitor C1 and charges the amplified voltage to the
liquid crystal capacitor CLC.

[0096] Inanexemplary embodiment, where the amplifying
part AMP includes the inverting amplifier, a polarity of a
voltage at the second node N2 may be opposite to apolarity of
a voltage at the first node N1.

[0097] When the amplifying part AMP is operating, the
setting gate signal GSS is changed to a low level. Accord-
ingly, the first switching element T1 is turned off. Although
the first switching element T1 is turned off, the control capaci-
tor C1 are substantially fully charged by the data voltage DV,
as shown in FIG. 3, such that the pixel voltage is charged at the
liquid crystal capacitor CLC by the amplifying part AMP.
[0098] In anexemplary embodiment, a high level duration
of the charging gate signal GSC is longer than a high level
duration of the setting gate signal GSS. Thus, although the
high duration of the setting gate signal GSS is relatively short,
the pixel voltage is continuously charged at the liquid crystal
capacitor CLC in response to the charging gate signal GSC
such thata pixel voltage charged at the liquid crystal capacitor
CLC are substantially great.

[0099] After the pixel voltage is charged at the liquid crys-
tal capacitor CLC, the charging gate signal GSCis changed to
alow level. When the charging gate signal GSC is changed to
be in the low level, the fourth and fifth switching elements T4
and T5 are turned off such that a current does not flow through
the amplifying part AMP. Thus, a power consumption of the
display apparatus may decrease.

[0100] FIG. 4 is a signal timing diagram of gate signals of
the gate driver 300 of FIG. 1.

[0101] First to fifth setting gate signals GSS1 to GSSS5 and
first to fifth charging gate signals GSC1 to GSC5 among the
gate signals of the gate driver 300 are shown in FIG. 4 for
convenience of illustration.

[0102] Referring to FIGS. 1 to 4, high level durations tc of
the charging gate signals GSC1 to GSCS5 are longer than high
level durations ts of the setting gate signals GSS1 to GSSS5. In
one exemplary embodiment, for example, rising edges of the
charging gate signals GSC1 to GSC5 are substantially the
same as rising edges of the setting gate signals GSS1 to GSS5,
respectively.

[0103] In one exemplary embodiment, for example, the
high level durations tc of the charging gate signals GSCI1 to
GSCS5 may be about N times the high level durations ts of the
setting gate signals GSS1 to GSSS5, respectively. Herein, N is
a positive integer equal to or greater than 2.

[0104] In an exemplary embodiment of the invention, as
shown in FIG. 4, the high level durations tc of the charging
gate signals GSC1 to GSC5 may be about three times the high
level durations ts of the setting gate signals GSS1 to GSS5,
respectively.

[0105] According to an exemplary embodiment, as
described above, the control capacitor C1 has the capacitance
less than the capacitance of the liquid crystal capacitor CLC
such that the charging time, which corresponds to scanning
time of the gate lines, may be decreased. Thus, the display
panel 100 may have relatively high resolution. The pixel P
includes the amplifying part AMP such that the pixel voltage
charged to the liquid crystal capacitor CLC may be substan-
tially great during the short charging time. Thus, in such an
embodiment, the stain on the display panel is effectively
prevented, and the display quality of the display panel 100 is
thereby substantially improved.
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[0106] In an exemplary embodiment, where the pixel P
includes the amplifying part AMP, a level of the data voltage
DV may be decreased. In such an embodiment, the pixel
voltage charged at the liquid crystal capacitor CLC is sub-
stantially great, and the current flowing through the amplify-
ing part AMP may be controlled, e.g., blocked, by the power
supplying part. Thus, in such an embodiment, the power
consumption of the display apparatus may decrease.

[0107] FIG. 5 is a signal timing diagram of gate signals of
a gate driver of an exemplary embodiment of the display
apparatus, according to the invention.

[0108] First to fifth setting gate signals GSS1 to GSS5 and
first to fifth charging gate signals GSC1 to GSC5 of the gate
signals of the gate driver of an exemplary embodiment of the
display apparatus are shown in FIG. 5 for convenience of
illustration.

[0109] The exemplary embodiment of the display appara-
tus in FIG. 5 is substantially the same as the exemplary
embodiment of the display apparatus described referring to
FIGS. 1 to 4 except for the gate signals of the gate driver.
Thus, the same or like elements of the display apparatus in
FIG. 5 will be referred to as the same reference characters as
used above to describe the exemplary embodiments of the
display apparatus shown in FIGS. 1 to 4, and any repetitive
detailed description thereof will hereinafter be omitted.

[0110] Referring to FIGS. 1 to 3 and 5, an exemplary
embodiment of the display apparatus includes a display panel
100 and a panel driver. The panel driver includes a timing
controller 200, a gate driver 300, a gamma reference voltage
generator 400 and a data driver 500.

[0111] The display panel 100 includes a plurality of setting
gate lines GLS, a plurality of charging gate lines GLC, a
plurality of data lines DL and a plurality of pixels P.

[0112] The gate driver 300 includes a setting gate driving
part (GDS in FIG. 1) 310 and a charging gate driving part
(GDC in FIG. 2) 320. The setting gate driving part 310 gen-
erates the setting gate signal GSS based on the first control
signal CONT1 and applies the setting gate signal GSS to the
setting gate line GLS. The charging gate driving part 320
generates the charging gate signal GSC based on the first
control signal CONT1 and applies the charging gate signal
GSC to the charging gate line GLC.

[0113] The setting gate line GLS provides the setting gate
signal GSS to the pixel P. The charging gate line GLC pro-
vides the charging gate signal GSC to the pixel P.

[0114] The pixel P includes a first switching element T1, a
control capacitor C1, an amplifying part AMP, a power sup-
plying part and a liquid crystal capacitor CLC.

[0115] In an exemplary embodiment, high level durations
te of the charging gate signals GSC1 to GSCS are respectively
longer than high level durations ts of the setting gate signals
GSS1 to GSSS. In one exemplary embodiment, for example,
rising edges of the charging gate signals GSC1 to GSC5 are
respectively substantially the same as rising edges of the
setting gate signals GSS1 to GSS5.

[0116] In one exemplary embodiment, for example, the
high level durations tc of the charging gate signals GSC1 to
GSC5 may be respectively about N times the high level dura-
tions ts of the setting gate signals GSS1 to GSSS5. Herein, N is
a positive integer equal to or greater than 2.

[0117] In an exemplary embodiment of the invention, as
shown in FIG. 5, the high level durations tc of the charging
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gate signals GSC1 to GSC5 may be respectively about twice
the high level durations ts of the setting gate signals GSS1 to
GSS5.

[0118] According to the exemplary embodiment, the con-
trol capacitor C1 has the capacitance less than the capacitance
of the liquid crystal capacitor CL.C such that the charging
time, which corresponds to scanning time of the gate lines,
may be decreased. Thus, the display panel 100 may have
relatively high resolution. The pixel P includes the amplifying
part AMP such that the pixel voltage charged to the liquid
crystal capacitor CLC may be substantially great in the short
charging time. Thus, the stain on the display panel is effec-
tively prevented, and the display quality of the display panel
100 is thereby substantially improved.

[0119] The pixel P includes the amplifying part AMP such
that a level of the data voltage DV may be decreased. In such
an embodiment, when the pixel voltage charged at the liquid
crystal capacitor CLC is substantially great, the current flow-
ing through the amplifying part AMP may be blocked using
the power supplying part. Thus, the power consumption of the
display apparatus may decrease.

[0120] FIG. 6 is a circuit diagram illustrating a gate driver,
a data driver and a pixel of an alternative exemplary embodi-
ment of a display apparatus, according to the invention.
[0121] The display apparatus shown in FIG. 6 is substan-
tially the same as the exemplary embodiment of the display
apparatus described referring to FIGS. 1 to 4 except for a
structure of the gate driver. Thus, the same reference numerals
will be used to refer to the same or like elements as used above
to describe the exemplary embodiment of the display appa-
ratus shown in FIGS. 1 to 4, and any repetitive detailed
description thereof will be omitted.

[0122] Referring to FIGS. 1 to 3 and 6, the display appara-
tus includes a display panel 100 and a panel driver. The panel
driver includes a timing controller 200, a gate driver 300, a
gamma reference voltage generator 400 and a data driver 500.
[0123] An exemplary embodiment of the display panel 100
includes a plurality of setting gate lines GLS, a plurality of
charging gate lines GLC, a plurality of data lines DL and a
plurality of pixels P.

[0124] The gate driver 300 includes a setting gate driving
part (GDS in FIG. 1) 310 and a charging gate driving part
(GDC in FIG. 1) 320. The setting gate driving part 310 gen-
erates the setting gate signal GSS based on the first control
signal CONT1 and applies the setting gate signal GSS to the
setting gate line GLS and the charging gate driving part 320.
[0125] The charging gate driving part 320 generates the
charging gate signal GSC based on the setting gate signal
GSS and applies the charging gate signal GSC to the charging
gate line GLC.

[0126] The setting gate line GLS provides the setting gate
signal GSS to the pixel P. The charging gate line GLC pro-
vides the charging gate signal GSC to the pixel P.

[0127] The pixel P includes a first switching element T1, a
control capacitor C1, an amplifying part AMP, a power sup-
plying part and a liquid crystal capacitor CLC.

[0128] Thecharging gate driving part 320 may generate the
charging gate signal GSC by OR operation of a plurality of
the sefting gate signals GSS.

[0129] Referring again to FIG. 4, the charging gate driving
part 320 may generate the first charging gate signal GSC1 by
OR operation of the first to third setting gate signals GSS1,
GSS2 and GSS3. The charging gate driving part 320 may
generate the second charging gate signal GSC2 by OR opera-
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tion of the second to fourth setting gate signals GSS2, GSS3
and GSS4. The charging gate driving part 320 may generate
the third charging gate signal GSC3 by OR operation of the
third to fifth setting gate signals GSS3, GSS4 and GSS5.
[0130] In an exemplary embodiment shown in FIG. 5, the
charging gate driving part 320 may generate the first charging
gate signal GSC1 by OR operation of the first and second
setting gate signals GSS1 and GSS2. The charging gate driv-
ing part 320 may generate the second charging gate signal
GSC2 by OR operation of the second and third setting gate
signals GSS2 and GSS3. The charging gate driving part 320
may generate the third charging gate signal GSC3 by OR
operation of the third and fourth setting gate signals GSS3 and
GSS4.
[0131] According to an exemplary embodiment, the control
capacitor C1 has the capacitance less than the capacitance of
the liquid crystal capacitor CLC such that the charging time,
which corresponds to scanning time of the gate lines, may be
decreased. Thus, the display panel 100 may have relatively
high resolution. The pixel P includes the amplifying part
AMP such that the pixel voltage charged to the liquid crystal
capacitor CLC may be substantially great in the short charg-
ing time. Thus, the stain on the display panel is effectively
prevented, and the display quality of the display panel 100 is
thereby substantially improved.
[0132] The pixel P includes the amplifying part AMP such
that a level of the data voltage DV may be decreased. In such
an embodiment, the pixel voltage charged at the liquid crystal
capacitor CLC is substantially great, such that the current
flowing through the amplifying part AMP may be blocked
using the power supplying part. Thus, the power consumption
of the display apparatus may decrease.
[0133] According to exemplary embodiments of the inven-
tion as described above, the display quality of the display
panel may be substantially improved and the power consump-
tion of the display apparatus may substantially decrease.
[0134] The invention should not be construed as being lim-
ited to the exemplary embodiments set forth herein. Rather,
these exemplary embodiments are provided so that this dis-
closure will be thorough and complete and will fully convey
the concept of the present invention to those skilled in the art.
[0135] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit or scope of the
invention as defined by the following claims.
What is claimed is:
1. A display panel comprising;
aplurality of setting gate lines to which a setting gate signal
is applied,
a plurality of charging gate lines to which a charging gate
signal is applied,
a plurality of data lines to which a data voltage is applied,
and
aplurality of pixels connected to the setting gate lines, the
charging gate lines and the data lines, wherein each of
the pixels comprises:

a first switching element connected to a corresponding
setting gate line of the setting gate lines and a corre-
sponding data line of the data lines;

a control capacitor configured to charge an output volt-
age of the first switching element;
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an amplifying part configured to amplify the output volt-
age of the first switching element charged at the con-
trol capacitor;

a power supplying part connected to a corresponding
charging gate line of the charging gate lines and con-
figured to supply a power voltage to the amplifying
part; and

aliquid crystal capacitor configured to charge an output
voltage of the amplifying part.

2. The display panel of claim 1, wherein the first switching
element comprises:

a control electrode connected to the corresponding setting

gate line;

an input electrode connected to the corresponding data

line; and

an output electrode connected to a first terminal of the

control capacitor.

3. The display panel of claim 1, wherein

the amplifying part comprises a second switching element

and a third switching element, wherein the second

switching element and the third switching element are
connected to each other in series,

an input node of the amplifving part is connected to a first

terminal of the control capacitor, and

an output node of the amplifying part is connected to a first

terminal of the liquid crystal capacitor.

4. The display panel of claim 3, wherein

the second switching element is a P-type transistor, and

the third switching element is an N-type transistor.

5. The display panel of claim 3, wherein

the power supplying part comprises a fourth switching

element and a fifth switching element,

the fourth switching comprises a control electrode con-

nected to the corresponding charging gate line, an input

electrode to which a high power voltage is applied, and
an output electrode connected to an input electrode of
the second switching element, and

the fifth switching comprises a control electrode connected

to the corresponding charging gate line, an input elec-

trode connected to an output electrode of the third

switching element, and an output electrode, to which a

ground voltage is applied.

6. The display panel of claim 1, wherein a high level dura-
tion of the charging gate signal is longer than a high level
duration of the setting gate signal.

7. The display panel of claim 6, wherein

the high level durations of the charging gate signal is about

N times the high level duration of the setting gate signal,

and

N is a positive integer equal to or greater than two.

8. The display panel of claim 7, wherein the charging gate
signal applied to the corresponding charging gate line is gen-
erated by OR operation of a plurality of setting gate signals to
be applied to N setting gate lines of the setting gate lines,
wherein the N setting gate lines comprises the corresponding
setting gate line.

9. The display panel of claim 1, wherein a capacitance of
the liquid crystal capacitor is greater than a capacitance of the
control capacitor.

10. The display panel of claim 1, wherein when a pixel
voltage charged at the liquid crystal capacitor is denoted by x
and a gain of the amplifying part is denoted by A, the data
voltage is about x/A.
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11. The display panel of claim 1, wherein the amplifying
part comprises an inverting amplifier.
12. A display apparatus comprising:
a setting gate driving part which generates a setting gate
signal,
a charging gate driving part which generates a charging
gate signal;
a data driver which generates a data voltage; and
a display panel comprising:
a plurality of setting gate lines to which the setting gate
signal is applied;
a plurality of charging gate lines to which the charging
gate signal is applied;
a plurality of data lines to which the data voltage is
applied; and
a plurality of pixels connected to the setting gate lines,
the charging gate lines and the data lines,
wherein each of the pixels comprises:

a first switching element connected to a correspond-
ing setting gate line of the setting gate lines and a
corresponding data line of the data lines;

a control capacitor configured to charge an output
voltage of the first switching element;

an amplifying part configured to amplify the output
voltage of the first switching element charged at the
control capacitor;

a power supplying part connected to a corresponding
charging gate line of the charging gate lines and
configured to supply power to the amplifying part;
and

a liquid crystal capacitor configured to charge an out-
put voltage of the amplifying part.

13. The display apparatus of claim 12, wherein the first

switching element comprises:

a control electrode connected to the corresponding setting
gate line;

an input electrode connected to the corresponding data
line; and

an output electrode connected to a first terminal of the
control capacitor.

14. The display apparatus of claim 12, wherein

the amplifying part comprises a second switching element
and a third switching element, wherein the second
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switching element and the third switching element are
connected to each other in series,

an input node of the amplifving part is connected to a first

terminal of the control capacitor, and

an output node of the amplifying part is connected to a first

terminal of the liquid crystal capacitor.

15. The display apparatus of claim 14, wherein

the second switching element is a P-type transistor, and

the third switching element is an N-type transistor.

16. The display apparatus of claim 14, wherein

the power supplying part comprises a fourth switching

element and a fifth switching element,

the fourth switching comprises a control electrode con-

nected to the charging gate line, an input electrode to
which a high power voltage is applied and an output
electrode connected to an input electrode of the second
switching element, and

the fifth switching comprises a control electrode connected

to the charging gate line, an input electrode connected to
an output electrode of the third switching element and an
output electrode to which a ground voltage is applied.

17. The display apparatus of claim 12, wherein a high level
duration of the charging gate signal is longer than a high level
duration of the setting gate signal.

18. The display apparatus of claim 17, wherein

the high level durations of the charging gate signal is about

N times the high level duration of the setting gate signal,
and

N is a positive integer equal to or greater than two.

19. The display apparatus of claim 18, wherein

the setting gate driving part outputs the setting gate signal

to the setting gate line and the charging gate driving part,
and

the charging gate driving part generates the charging gate

signal based on the setting gate signal.

20. The display apparatus of claim 19, wherein the charg-
ing gate signal applied to the corresponding charging gate line
is generated by OR operation of a plurality of setting gate
signals to be applied to N setting gate lines of the setting gate
lines, wherein the N setting gate lines comprises the corre-
sponding setting gate line.
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