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GATE DRIVER AND LIQUID CRYSTAL
DISPLAY INCLUDING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2011-0046355 filed on May 17, 2011,
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 OF THE INVENTION

[0002] (a) Field of the Invention Exemplary embodiments
of a gate driver and a liquid crystal display including the gate
driver are provided.

[0003] (b) Description of the Related Art

[0004] Display devices typically include multiple pairs of
electric field generating electrodes and an electro-optical
active layer interposed therebetween. The display devices
may include a liquid crystal display (“LCD”), an organic light
emitting device (“OLED”) display, and an electrophoretic
display. The liquid crystal display includes a liquid crystal
layer as an electro-optical active layer and the organic light
emitting display includes an organic light emitting layer as an
electro-optical active layer. In the display devices, one of a
pair of electric field generating electrodes is generally con-
nected to a switching element to receive an electric signal, and
the electro-optical active layer converts the electric signal into
an optical signal to display an image.

[0005] The display device generally includes a gate driver
and a data driver. The gate driver applies a gate signal that
turns on or off a pixel to a gate line, and the data driver
converts image data into a data voltage and applies the data
voltage to a data line.

BRIEF SUMMARY OF THE INVENTION

[0006] An exemplary embodiment according to the inven-
tion provides a liquid crystal display with a slim bezel.
[0007] An exemplary embodiment according to the inven-
tion provides a gate driver that effectively controls gate-on
timing.

[0008] An exemplary embodiment according to the inven-
tion provides a gate driver that effectively controls a discharg-
ing timing.

[0009] An exemplary embodiment according to the inven-
tion provides a stereoscopic image display device.

[0010] Inanexemplary embodiment, a gate driver includes
a gate integrated circuit (“IC”) chip which receives at least
two scanning start signals and at least four clock control
signals, and outputs a plurality of gate-on voltages, where at
least two clock control signals of the at least four clock
control signals are generated based on one scanning start
signal of the at least two scanning start signals, timings of the
at least two scanning start signals are independent of each
other, and timings of the at least two clock control signals
based on the one scanning start signal are independent of each
other.

[0011] In an exemplary embodiment, each of the at least
two clock control signals may have a rising edge in a period
when the one scanning start signal is in a high level.

[0012] In an exemplary embodiment, the plurality of gate-
on voltages may be synchronized with the at least two clock
control signals based on the one scanning start signal.
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[0013] Inan exemplary embodiment, the plurality of gate-
on voltages may overlap each other.

[0014] Inanexemplary embodiment, at least two scanning
start signals may include a first scanning start signal and a
second scanning start signal, the at least four clock control
signals may include a first clock control signal, a second clock
control signal, a third clock control signal and a fourth clock
control signal, and the gate IC chip may include a first shift
register which receives the first scanning start signal and the
first clock control signal, a second shift register which
receives the first scanning start signal and the second clock
control signal, a third shift register which receives the second
scanning start signal and the third clock control signal, and a
fourth shift register which receives the second scanning start
signal and the fourth clock control signal.

[0015] Inanexemplary embodiment, the first clock control
signal and the second clock control signal may be generated
based on the first scanning start signal, and the third clock
control signal and the fourth clock control signal may be
generated based on the second scanning start signal.

[0016] Inanexemplary embodiment, each of the first clock
control signal and the second clock control signal may have a
rising edge in a period when the first scanning start signal is in
a high level, and each of the third clock control signal and the
fourth clock control signal may have a rising edge in a period
when the second scanning start signal is a high level.

[0017] Inan exemplary embodiment, the plurality of gate-
on voltage may include a first gate-on voltage, a second
gate-on voltage, a third gate-on voltage, and a fourth gate-on
voltage which are input, respectively, to sequentially posi-
tioned four gate lines. The first gate-on voltage may be syn-
chronized with the first clock control signal, the second gate-
on voltage may be synchronized with the third clock control
signal, the third gate-on voltage may be synchronized with
the second clock control signal, and the fourth gate-on volt-
age may be synchronized with the fourth clock control signal.

[0018] Inanexemplary embodiment, the gate IC chip may
include a shift register which receives the one scanning start
signal of the at least two scanning start signals and one clock
control signal of the at least two clock control signals based
on the one scanning start signal, a level shifter, and a buffer
which outputs a gate-on voltage of the plurality of gate-on
voltages.

[0019] In anexemplary embodiment, the gate IC chip may
further include an AND gate.

[0020] In an exemplary embodiment, a liquid crystal dis-
play includes: a first switching element connected to a first
gate line and a first data line; a second switching element
connected to the first gate line and the first data line; a first
subpixel electrode connected to the first switching element; a
second subpixel electrode connected to the second switching
element; a third switching element connected to the second
subpixel electrode and a first charge sharing line; a transfor-
mation capacitor connected to the third switching element;
and a gate IC chip which receives at least two scanning start
signals and at least four clock control signals, and outputs a
plurality of gate-on voltages, where at least two clock control
signals of the at least four clock control signals are generated
based on one scanning start signal of the at least two scanning
start signals, timings of the at least two scanning start signals
are independent of each other, and timings of the at least two
clock control signals based on the one scanning start signal
are independent of each other.
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[0021] Inanexemplary embodiment, a first gate-on voltage
of'the plurality of gate-on voltages may be applied to the first
gate line and synchronized with a first clock control signal of
the at least two clock control signals based on the one scan-
ning start signal, and a second gate-on voltage of the plurality
of gate-on voltages may be applied to the first charge sharing
line and synchronized with a second clock control signal of
the at least two clock control signals based on the one scan-
ning start signal.

[0022] In an exemplary embodiment, a rising edge of the
first clock control signal may be generated in a period when a
first scanning start signal of the at least two scanning start
signals is in a high level, and a rising edge of the second clock
control signal may be generated in a period when a second
scanning start signal of the at least two scanning start signals
is in a high level.

[0023] In an exemplary embodiment, a third gate-on volt-
age of the plurality of gate-on voltages may be applied to a
second gate line adjacent to the first gate line, a timing of
rising edge of the third gate-on voltage may be different from
a timing of rising edge of the first gate-on voltage, a fourth
gate-on voltage of the plurality of gate-on voltages may be
applied to a second charge sharing line adjacent to the first
charge sharing line, and a timing of rising edge of a fourth
gate-on voltage may be different from a timing of rising edge
of the second gate-on voltage.

[0024] In an exemplary embodiment, the subpixel elec-
trode may be disposed outside of an area between a second
data line adjacent to the first data line and a third data line
adjacent to the second data line.

[0025] In an exemplary embodiment, a third gate-on volt-
age of the plurality of gate-on voltages may be applied to a
second gate line adjacent to the first gate line, the third gate-on
voltage and the first gate-on voltage may be simultaneously
applied, a fourth gate-on voltage of the plurality of gate-on
voltages may be applied to a second charge sharing line
adjacent to the first charge sharing line, and the fourth gate-on
voltage and the second gate-on voltage may be simulta-
neously applied.

[0026] Inanexemplary embodiment, a first gate-on voltage
of the plurality of gate-on voltages may be applied to the first
gate line, a third gate-on voltage of the plurality of gate-on
voltages may be applied to a second gate line adjacent to the
first gate line, and the first gate-on voltage and the second
gate-on voltage may overlap each other.

[0027] Inanexemplary embodiment, the liquid crystal dis-
play may further include a bezel having a width less than
about 10 millimeters.

[0028] Inanexemplary embodiment, the liquid crystal dis-
play may output a three-dimensional image comprising a left
eye image and a right eye image.

[0029] Inanexemplary embodiment, a first gate-on voltage
of the plurality of gate-on voltages may be applied to the first
gate line and synchronized with the first clock control signal
of the at least two clock control signals based on the one
scanning start signal, and a second gate-on voltage of the
plurality of gate-on voltages may be applied to the first charge
sharing line and synchronized with a second clock control
signal of the at least two clock control signals based on the
one scanning start signal.

[0030] In an exemplary embodiment, a third gate-on volt-
age of the plurality of gate-on voltages may be applied to a
second gate line adjacent to the first gate line, the third gate-on
voltage and the first gate-on voltage may be simultaneously
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applied, a fourth gate-on voltage of the plurality of gate-on
voltages may be applied to a second charge sharing line
adjacent to the first charge sharing line, and the fourth gate-on
voltage and the second gate-on voltage may be simulta-
neously applied.

[0031] Exemplary embodiments of the invention provide a
liquid crystal display with a slim bezel which controls a
discharging timing and a gate-on timing, and a stereoscopic
image display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features of this disclosure will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0033] FIG. 1 is a block diagram showing an exemplary
embodiment of a display device according to the invention.
[0034] FIG. 2 is a block diagram showing an exemplary
embodiment of a gate driver according to the invention.
[0035] FIG. 3 is asignal timing diagram showing signals of
an exemplary embodiment of a gate driver according to the
invention.

[0036] FIG.4 is asignal timing diagram showing signals of
an exemplary embodiment of a gate driver according to the
invention.

[0037] FIG. 5 is a signal timing diagram showing signals
from a gate driver to an exemplary embodiment of a liquid
crystal display according to the invention.

[0038] FIG. 6 is asignal timing diagram showing signals of
an exemplary embodiment of a gate driver according to the
invention.

[0039] FIG. 7 is a signal timing diagram showing signals
from a gate driver to an exemplary embodiment of a liquid
crystal display according to the invention.

[0040] FIG. 8 is a signal timing diagram showing signals of
an exemplary embodiment of a gate driver according to the
invention.

[0041] FIG. 9 is a signal timing diagram showing signals
from a gate driver to an exemplary embodiment of a liquid
crystal display according to the invention.

[0042] FIG. 10 is a block diagram showing an alternative
exemplary embodiment of a gate driver according to the
invention.

[0043] FIG. 11 is a signal timing diagram showing signals
of'an exemplary embodiment of a gate driver according to the
invention.

[0044] FIG. 12 is a block diagram showing another alter-
native exemplary embodiment of a gate driver according to
the invention.

[0045] FIG. 13 is a signal timing diagram showing signals
of'an exemplary embodiment of a gate driver according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0046] The invention will be described more fully with
reference to the accompanying drawings, in which exemplary
embodiments of the invention are shown. As those skilled in
the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the invention. The drawings and descrip-
tion are to be regarded as illustrative in nature and not restric-
tive. Like reference numerals designate like elements
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throughout the specification. Further, detailed description of
well-known techniques is omitted.

[0047] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. As used herein, connected may refer to elements being
physically and/or electrically connected to each other. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

[0048] It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0049] It will be understood 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 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 of the invention.
[0050] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0051] 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 invention 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 will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0052] Hereinafter, the invention will be described in detail
with reference to the accompanying drawings.

[0053] FIG. 1 is a block diagram showing an exemplary
embodiment of a display device according to the invention,
FIG. 2 is a block diagram of a gate driver according to an
exemplary embodiment of the invention, FIG. 3 is aview of a
signal waveform of a gate driver according to an exemplary
embodiment of the invention, and FI1G. 4 is a view of a signal
waveform of a gate driver according to an exemplary embodi-
ment of the invention.

[0054] Referring to FIG. 1, a display device includes a
display panel assembly 300, a gate driver 400 and a data
driver 500 that are connected to the display panel assembly
300, a gray voltage generator 800 connected to the data driver
500, and a signal controller 600 that controls the gate driver
400 and the data driver 500.

[0055] In an exemplary embodiment, the display panel
assembly 300 may be a liquid crystal panel assembly, an
organic light emitting panel assembly or a plasma display
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panel assembly, for example, but not being limited thereto.
The display panel assembly 300 may be various other types of
displays. Hereinafter, an exemplary embodiment where the
display panel assembly 300 is a liquid crystal panel assembly
will now be described, however the invention is not limited
thereto.

[0056] A gate-on signal Vg may be transmitted from a gate
line at the upper side of the display device and may be sequen-
tially applied to the gate line at the lower side. In one exem-
plary embodiment, for example, the display device may dis-
play the images as follows. The gate-on voltage Von is
sequentially applied to the gate line such that a data voltage
Vdis applied to a pixel electrode through a switching element
connected to the corresponding gate line. In such an embodi-
ment, the applied data voltage Vd is a data voltage to display
images, and the applied data voltage Vd may be maintained
for a predetermined time by a storage capacitor. The gate line
is applied with the gate-off voltage Voft such that the switch-
ing element connected to the corresponding gate line may be
turned off.

[0057] Ina view of an equivalent circuit, the display panel
assembly 300 includes a plurality of signal lines G1 to Gn and
D1 to Dm and a plurality of pixels PX connected thereto.

[0058] The signal lines G1 to Gn and D1 to Dm include a
plurality of gate lines G1 to Gn that transmits a gate signal and
a plurality of data lines D1 to Dm that transmits a data signal.

[0059] Each pixel PX, for example, the pixel PX connected
to an i-th gate line Gi (i=1, 2, . . ., n) and the j-th data line Dj
(G=1,2,...,m)includes a switching element connected to the
corresponding signal lines, e.g., the i-th gate line Gi and the
j-th data line Dj, and a liquid crystal capacitor connected
thereto. In an exemplary embodiment, the pixel PX may
selectively include a storage capacitor. Each pixel PX may
include a plurality of subpixels. The switching element as a
three terminal element includes a control terminal connected
to the i-th gate line Gi, an input terminal connected to the j-th
data line Dj, and an output terminal connected to the liquid
crystal capacitor and the storage capacitor. The connection of
the pixel PX, the signal lines Gi and Dj, and the switching
element may be variously changed. In an exemplary embodi-
ment, one pixel may be connected to one data line and one
dataline. In an alternative exemplary embodiment, two pixels
may share one gate line. In another alternative exemplary
embodiment, two pixels may share one data line.

[0060] The liquid crystal capacitor has a pixel electrode
(not shown) and a common electrode (not shown) as two
terminals, and a liquid crystal layer disposed therebetween
(not shown) functions as a dielectric material.

[0061] Inanexemplary embodiment, the storage capacitor
that serves as an auxiliary to the liquid crystal capacitor is
provided by overlapping a separate signal line (not shown)
other than a gate line and a date line and a pixel electrode with
an insulator interposed therebetween, and a predetermined
voltage, e.g., a common voltage Vcom, is applied to the
separate signal line. In an alternative exemplary embodiment,
the storage capacitor may be provided by a pixel electrode
and a previous gate line that are arranged to overlap each other
via an insulator.

[0062] In an exemplary embodiment, where a color image
is displayed, each pixel PX uniquely displays one of primary
colors (i.e., spatial division) or each pixel PX sequentially
displays the primary colors in turn (i.e., temporal division),
such that a spatial or temporal sum of the primary colors is
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recognized as a desired color. In one exemplary embodiment,
for example, the primary colors include red, green and blue.
[0063] The signal controller 600 receives input image sig-
nals R, G and B and input control signals for controlling the
display of the input image signals R, G and B such as a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, a main clock signal MCLK and a data
enable signal DE from an external graphics controller (not
shown).

[0064] The input image signals R, G and B may be a two-
dimensional (“2D”) image or a three-dimensional (“3D”)
image. Here, the 2D image means normal source data with
which a viewer may not recognize a stereoscopic effect for the
image output from the display device. The 3D image means
source data with which a viewer may recognize a stereoscopic
effect for the image output from the display device, for
example, a left eye image and a right eye image.

[0065] Thesignal controller 600 may provide a data control
signal CONT2 and image data DAT to the data driver 500. In
an exemplary embodiment, the image data DAT may be
obtained by processing image signals R, G and B according to
operational conditions of the display panel assembly 300
based on an input control signal and the input image signals
R, G and B. In such an embodiment, the processing of the
image signals R, G and B may include an operational rear-
rangement of the image data R, G and B based on the pixel
arrangement of the display panel assembly 300.

[0066] The signal controller 600 may provide at least one
gate control signal CONT1 to the gate driver 400. In one
exemplary embodiment, for example, the gate control signal
CONT1 may include at least one of scanning start signals
STV1 and STV2 that command the gate driver 400 to start a
scan and at least one of clock control signals CPV1 to CPV4
that controls an output time of the gate-on voltage Von. In an
exemplary embodiment, the gate control signal CONT1 may
include at least one clock enable signal limiting an enduring
time of the gate-on voltage Von, and at least one clock signal.
[0067] The data control signal CONT2 may include a hori-
zontal synchronization start signal that informs start of trans-
mission of data corresponding to a group of pixels, a load
signal that commands the data driver 500 to apply a corre-
sponding data voltage to the data lines D1 to Dm, and a data
clock signal. The data control signal CONT2 may further
include an inversion signal for inverting the polarity of the
data voltage with respect to the common voltage Vcom (here-
inafter, referred to as a polarity of a data voltage).

[0068] In an exemplary embodiment, the data driver 500
may receive a set of image data DAT on pixels of one row and
select a gray scale voltage corresponding to each image data
DAT from among gray scale voltages from a gray scale volt-
age generator 800 based on the data control signal CONT2.
The data driver 500 may convert the image data DAT into a
data voltage Vd and apply the data voltage Vd to correspond-
ing data lines D1 to Dm.

[0069] The gate driver 400 applies the gate voltage Vg by
the signal controller 600, and the gate voltage Vg is the
gate-on voltage Von or the gate-off voltage Voff. When the
gate-on voltage Von is applied to the gate lines G1 to Gn, the
switching element connected to the gate lines G1 to Gn is
turned on, and the data voltage Vd applied to the data lines D1
to Dm is applied to the corresponding pixel through the
turned-on switching element.

[0070] The difference between the data voltage Vd applied
to the pixel and the common voltage Vcom is referred to as a
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pixel voltage. In one exemplary embodiment, for example,
where the display device is a liquid crystal display, liquid
crystal molecules have an orientation depending on the mag-
nitude of the pixel voltage, and accordingly, polarization of
light penetrating the liquid crystal layer varies. Such variation
of the polarization appears as a variation in transmittance of
light due to a polarizer attached to the display panel.

[0071] Inan exemplary embodiment, each of the elements
ofthe display device, e.g., the gate driver 400, the data driver
500, the signal controller 600 and the gray voltage generator
800, may be directly mounted in at least one integrated circuit
(“IC”) chip provided on the liquid crystal panel assembly
300. In an alternative exemplary embodiment, each of the
elements of the display device 400, 500, 600 and 800 may be
mounted on a flexible printed circuit film (not shown) and
then attached to the liquid crystal panel assembly 300. In
another alternative exemplary embodiment, each of the ele-
ments of the display device 400, 500, 600 and 800 may be
mounted on a separate printed circuit board (“PCB”) (not
shown) in a tape carrier package (“TCP”) form. In an alter-
native exemplary embodiment, each of the elements of the
display device 400, 500, 600 and 800 may be integrated as a
single chip. In such an embodiment, at least one of the ele-
ments of the display device 400, 500, 600 and 800 or at least
one circuit element constituting the elements of the display
device 400, 500, 600 and 800 may be disposed outside the
single chip.

[0072] Referring to FIG. 2, an exemplary embodiment of
the gate driver 400 may include at least one shift register 410,
at least one AND gate 420, at least one level shifter 430, and
atleast one buffer 440. In an exemplary embodiment, the shift
register 410 may include an AND gate 420. The gate driver
400 includes at least one IC chip in which a plurality of circuit
elements are realized, and the gate IC chip allows reducing
the size of the gate driver, compared with a display device in
which the gate driver is integrated in the display panel assem-
bly, such that the gate driver 400 may be applied to a display
device with a slim bezel having a narrow width. In one exem-
plary embodiment, for example, a width of the slim bezel of
the display device including the gate IC chip may be less than
about 10 millimeters (mm), while a width of a bezel of the
display device in which the gate driver is integrated to the
display panel assembly is typically greater than about 10 mm.
Here, the bezel means an upper chassis and a lower chassis
that enclose and fix the display panel assembly.

[0073] The shift register 410 is turned on based on the
scanning start signals STV1 and STV2 and the clock control
signals CPV1 to CPV4 from the signal controller 600, and
outputs signals. A pulse characteristic such as a pulse width of
the signal output from the shift register 410 may be con-
trolled.

[0074] In an exemplary embodiment where the gate driver
410 includes a plurality of shift registers, the plurality of shift
registers 410 are independently driven based on two scanning
start signals, and two clock control signals are independently
generated based on one scanning start signal. In one exem-
plary embodiment, as shown in FIG. 2, a (2n-1)-th shift
registers SR1, SR3, SR5 and SR7 are driven based on a first
scanning start signal STV1, and a 2n-th shift registers SR2,
SR4, SR6 and SR8 are driven based on a second scanning
start signal STV2 (n is a natural number). The timings of two
scanning start signals, e.g., the timings of rising edges of the
two scanning start signals, may be independent of each other,
and the timing of the gate-on voltage Von may be effectively
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controlled based on a predetermined driving method. In such
anembodiment, timings of two clock control signals based on
the one scanning start signal may be independent of each
other, and timings of the gate-on voltages Von may be effec-
tively controlled to overlap each other such that display qual-
ity of the display device is substantially improved due to
increased charging time. In such an embodiment, the plurality
of shift registers 410 may receive three or more scanning start
signals that are independently driven, and three or more clock
control signals may be generated independently based on one
scanning start signal. In an exemplary embodiment, the shift
register 410 may include at least two pairs of an input terminal
and an output terminal for the scanning start signal.

[0075] The clock control signals CPV1 to CPV4 and the
output signal from the shift register 410 are input to the AND
gate 420.

[0076] The output signal from the AND gate 420 is input to
the level shifter 430. The level shifter 430 converts the input
signal into a signal having a voltage level corresponding to
turning on or off the switching element.

[0077] The output signal from the level shifter 430 is input
to the buffer 440. The buffer 440 buffers the input signal for
the gate lines G1 to Gn such that the display panel assembly
300 is driven based on a predetermined driving method
thereof.

[0078] The output signal from the buffer 440 is input to the
gate lines G1 to Gn.

[0079] Referring to FIG. 3, a first clock control signal
CPV1 and a second clock control signal CPV2 enter into a
high level, e.g., have a rising edge, in a period when the first
scanning start signal STV1 is in a high level. The timings of
the first clock control signal CPV1 and the second clock
control signal CPV2 may be independent of each other. In one
exemplary embodiment, for example, the intervals and the
sequences of rising edges of the first clock control signal
CPV1 and the second clock control signal CPV2 may be
controlled in the period when the first scanning start signal
STV1 is in the high level.

[0080] The gate-on voltage Von of a (4n-3)-th gate line is
synchronized with the first clock control signal CPV1, and the
gate-on voltage Von of a (4n-1)-th gate line is synchronized
with the second clock control signal CPV2 (n is a natural
number). In one exemplary embodiment, for example, the
gate-on voltage Von of the first gate line G1 is synchronized
with a first pulse of the first clock control signal CPV1, and
the gate-on voltage Von of the third gate line G3 is synchro-
nized with a first pulse of the second clock control signal
CPV2.

[0081] In an exemplary embodiment, a third clock control
signal CPV3 and a fourth clock control signal CPV4 enter
into a high level, e.g., have a rising edge, in a period when the
second scanning start signal STV2 is in the high level. The
timing of the second scanning start signal STV2 may be
independent of the timing of the first scanning start signal
STV1. The timings of the third clock control signal CPV3 and
the fourth clock control signal CPV4 may be independent of
each other. In one exemplary embodiment, for example, the
intervals and the sequences of rising edges of the third clock
control signal CPV3 and the fourth clock control signal CPV4
may be effectively controlled in the period when the second
scanning start signal STV2 is in the high level.

[0082] The gate-on voltage Von of a (4n-2)-th gate line is
synchronized with the third clock control signal CPV3 and
the gate-on voltage Von of a 4n-th gate line is synchronized
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with the fourth clock control signal CPV4 (n is a natural
number). In one exemplary embodiment, for example, the
gate-on voltage Von of the second gate line G2 is synchro-
nized with a third pulse of the third clock control signal
CPV3, and the gate-on voltage Von of the fourth gate line G4
is synchronized with a third pulse of the fourth clock control
signal CPV4.

[0083] Referringto FIG. 4, the gate-on voltages of two gate
lines overlap each other, and the charging time of a display
device having a high driving frequency such as 240 hertz (Hz)
or 480 Hz is increased such that display quality of the display
device is substantially improved. In an exemplary embodi-
ment, unlike the signals shown in FIG. 3, the first pulse of the
first clock control signal CPV1, generated in a period when
the first scanning start signal STV1 is in a high level, overlaps
the first pulse of the second clock control signal CPV2, as
shown in FIG. 4, and the gate-on voltage Von of the (4n-3)-th
gate line and the gate-on voltage Von of the (4n-1)-th gate line
thereby overlap each other (n is a natural number). In such an
embodiment, the third pulse of the third clock control signal
CPV3, generated in the period when the second scanning start
signal STV2 is in the high level, overlaps the third pulse of the
fourth clock control signal CPV4 overlap, and the gate-on
voltage Von of the (4n-2)-th gate line and the gate-on voltage
Von of the 4n-th gate line thereby overlap each other (n is a
natural number). In one exemplary embodiment, for example,
the gate-on voltage Von of first gate line G1 and the gate-on
voltage Von applied to the third gate line G3 overlap each
other, the gate-on voltage Von applied to the third gate line G3
and the gate-on voltage Von applied to the fifth gate line G5
overlap each other, and the gate-on voltage Von applied to the
fifth gate line G5 and the gate-on voltage Von applied to the
seventh gate line G7 overlap each other. In such an embodi-
ment, the gate-on voltage Von applied to the second gate line
G2 and the gate-on voltage Von applied to the fourth gate line
G4 overlap each other, the gate-on voltage Von applied to the
fourth gate line G4 and the gate-on voltage Von applied to the
sixth gate line G6 overlap each other, and the gate-on voltage
Von applied to the sixth gate line G6 and the gate-on voltage
Von applied to the eighth gate line G8 overlap each other.
[0084] FIG. 5 is a signal timing diagram showing signals
from a gate driver to an exemplary embodiment of a liquid
crystal display according to the invention.

[0085] Referring to FIG. 5, the liquid crystal display
includes signal lines including a plurality of gate lines G1 to
Gn, a plurality of charge sharing lines CS1 to CSn, and a
plurality of data lines D1 to Dm, and a plurality of pixels PX
connected thereto. Each of the pixels PX includes a first
subpixel electrode PXa and a second subpixel electrode PXb.
[0086] Each of the pixels PX includes the first switching
element Qa, the second switching element Qb, the third
switching element Qc and a transformation capacitor Cstd.
[0087] Each of the first switching element Qa, the second
switching element Qb and the third switching element Qc is a
three-terminal element such as a thin film transistor, for
example. The first switching element Qa includes a control
terminal connected to the gate lines G1 to Gn, an input ter-
minal connected to the data lines D1 to Dm, and an output
terminal connected to the first subpixel electrode PXa. The
second switching element Qb includes a control terminal
connected to the gate lines G1 to Gn, an input terminal con-
nected to the data lines D1 to Dm, and an output terminal
connected to the second subpixel electrode PXb. The control
terminal of the first switching element Qa and the control
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terminal of the second switching element Qb are connected to
a same gate line, and the input terminal of the first switching
element Qa and the input terminal of the second switching
element Qb are connected to a same data line. The third
switching element Qc includes a control terminal connected
to the charge sharing lines CS1 to CSn, an input terminal
connected to the second subpixel electrode PXb, and an out-
put terminal connected to the transformation capacitor Cstd.
[0088] Two terminals of the transformation capacitor Cstd
are respectively connected to the output terminal of the third
switching element Qc and the common voltage Vcom. Two
terminals of the first liquid crystal capacitor are respectively
connected to the first subpixel electrode PXa and the common
voltage Vcom, and two terminals of the second liquid crystal
capacitor are respectively connected to the second subpixel
electrode PXb and the common voltage Vcom.

[0089] When the gate lines G1 to Gn are applied with the
gate-on voltage Von, the first switching element Qa and the
second switching element Qb connected to the gate lines G1
to Gn are turned on. Accordingly, a same data voltage Vd is
applied to the first subpixel electrode PXa and the second
subpixel electrode PXb through the turned-on first switching
element Qa and second switching element Qb such that the
voltage charged to the first liquid crystal capacitor and the
voltage charged to the second liquid crystal capacitor are
substantially the same as each other. When the gate lines G1
to Gn are applied with the gate-on voltage Von, the charge
sharing lines CS1 to CSn are applied with the gate-off voltage
Voff.

[0090] When the gate lines G1 to Gn are applied with the
gate-off voltage Voff and the charge sharing lines CS1 to CSn
are applied with the gate-on voltage Von, the first switching
element Qa and the second switching element Qb connected
to the gate lines G1 to Gn are turned off and the third switch-
ing element Qc is turned on. Accordingly, a portion of the
charges charged to the second subpixel electrode Qb moves to
the transformation capacitor Cstd through the turned-on sec-
ond switching element Qb, and the voltage charged to the
second liquid crystal capacitor decreases. In such an embodi-
ment, the charging voltage of the first capacitor and the charg-
ing voltage of the second liquid crystal capacitor are different
from each other, and lateral visibility of the liquid crystal
display is thereby substantially improved.

[0091] The gate driver 400 of the liquid crystal display in
FIG. 5 includes at least one IC chip in which several circuit
elements are realized as shown in FIG. 2, and the size of the
gate driver is substantially decreased due to the gate IC chip,
compared with the case where the gate driver is integrated
with the display panel assembly, such that the gate driver may
be applied to a display device with a slim bezel having a small
width. In one exemplary embodiment, for example, the width
of the slim bezel of the display device including the gate IC
chip may be less than about 10 mm, while a width of a bezel
of the display device in which the gate driver is integrated
with the display panel assembly is typically greater than
about 10 mm.

[0092] FIG. 6 is asignal timing diagram showing signals of
an exemplary embodiment of a gate driver according to the
invention.

[0093] The signals shown in FIG. 6 may be applied to a
liquid crystal display of FIG. 5 having a frame frequency such
as 120 Hz or 240 Hz, or may also be applied to the gate driver
of FIG. 2. Referring to FIG. 6, timings of rising edges of the
first scanning start signal STV1 and the second scanning start

Nov. 22,2012

signal STV?2 are independent of each other, the timing of the
gate-on voltage Von applied to the gate lines G1 to Gn and the
timing of the gate-on voltage Von applied to the charge shar-
ing lines CS1 to CSn may be effectively controlled based on
a predetermined driving method. Here, the timing of the
gate-on voltage Von applied to the charge sharing lines CS1 to
CSn means discharging timing. In an exemplary embodi-
ment, the timings of two clock control signals based on one
scanning start signal may be independent, and the timings of
the gate-on voltages Von may be effectively controlled to
overlap each other such that display quality of the display
device is substantially improved due to increased charging
time. The first clock control signal CPV1 and the second
clock control signal CPV2 are generated based on the first
scanning start signal STV1, and the first clock control signal
CPV1 and the second clock control signal CPV2 control the
gate-on voltage Von independently applied to the gate lines
G1 to Gn. The third clock control signal CPV3 and the fourth
clock control signal CPV4 are generated based on the second
scanning start signal STV2, and the third clock control signal
CPV3 and the fourth clock control signal CPV4 control the
gate-on voltage Von applied to the charge sharing lines CS1 to
CSn.

[0094] FIG. 7 is a signal timing diagram showing signals
from a gate driver to an exemplary embodiment of a liquid
crystal display according to the invention.

[0095] The liquid crystal display shown in FIG. 7 is sub-
stantially the same as the liquid crystal display shown in FIG.
5 except for the number of data lines therein. In one exem-
plary embodiment, for example, the connection relationships
of the first subpixel electrode PXa, the second subpixel elec-
trode PXb, the first switching element Qa, the second switch-
ing element Qb, the third switching element Qc, the transfor-
mation capacitor Cstd, the first liquid crystal capacitor and the
second liquid crystal capacitor are substantially the same as
the connection relationships of those in the circuit elements
shown in FIG. 5. However, the numbers of data lines are
different in the liquid crystal display shown in FIG. 7 and the
liquid crystal display shown in FIG. 5, and accordingly the
connection relationships of the adjacent pixel columns and
the data lines are different. In one exemplary embodiment, for
example, the number of data lines of the liquid crystal display
shown in FIG. 7 is two times the number of data lines of the
liquid crystal display shown in FIG. 5. In such an embodi-
ment, the pixel PX positioned at the second row and the first
column and the pixel PX positioned at the first row and the
second column are connected to a same data line, e.g., the
second data line D2, in FIG. 5, while the pixel PX positioned
at the second row and the first column and the pixel PX
positioned at the first row and the second column are con-
nected to different data lines, e.g., the second data line D2 and
the third data line D3, respectively, in FIG. 7.

[0096] Referring to FIG. 7, timings of the gate-on voltage
Von applied to the (2n-1)-th gate line and the 2n-th gate line
are substantially the same as each other, and the first switch-
ing element Qa and the second switching element Qb con-
nected to the (2n-1)-th gate line and the first switching ele-
ment Qa and the second switching element Qb connected to
the 2n-th gate line are thereby simultaneously turned on (n is
a natural number). Accordingly, the first data voltage and the
second data voltage are simultaneously applied to the (2n-
1)-th data line and the 2n-th data line, respectively, such that
the time when the first data voltage is applied to the first
subpixel electrode PXa and the second subpixel electrode
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PXb of the (2n-1)-th column through the first switching
element Qa and the second switching element Qb connected
to the (2n-1)-th gate line and the time when the second data
voltage is applied to the first subpixel electrode PXa and the
second subpixel electrode PXb of the 2n-th column through
the first switching element Qa and the second switching ele-
ment Qb connected to the 2n-th gate line are substantially the
same as each other (n is a natural number). In such an embodi-
ment, the first subpixel electrode PXa and the second subpixel
electrode PXb are applied with the same data voltage such
that the voltage charged to the first liquid crystal capacitor and
the voltage charged to the second liquid crystal capacitor are
substantially the same as each other. When the gate lines G1
to Gn are applied with the gate-on voltage Von, the charge
sharing lines CS1 to CSn are applied with the gate-off voltage
Voff.

[0097] When the gate lines G1 to Gn are applied with the
gate-off voltage Voff and the charge sharing lines CS1 to CSn
are applied with the gate-on voltage Von, the first switching
element Qa and the second switching element Qb connected
to the gate lines G1 to Gn are turned off and the third switch-
ing element Qc is turned on. Accordingly, a portion of the
charge charged to the second subpixel electrode Qb moves
into the transformation capacitor Cstd through the turned-on
second switching element Qb such that the voltage charged to
the second liquid crystal capacitor is decreased. In such an
embodiment, the (2n-1)-th charge sharing line and the 2n-th
charge sharing line are simultaneously applied with the gate-
on voltage Von, and the voltage simultaneously charged to the
(2n-1)-th column second capacitor and the 2n-th column
second capacitor is decreased (n is a natural number). As
described above, the charging voltage of the first capacitor
and the charging voltage of the second liquid crystal capacitor
are different from each other, and the lateral visibility of the
liquid crystal display is thereby substantially improved.
[0098] The gate driver 400 applied to the liquid crystal
display of FIG. 7 includes at least one IC chip in which several
circuit elements are realized like FIG. 2, and this gate IC chip
decreases the size of the gate driver compared with the case
that the gate driver is integrated with the display panel assem-
bly such that the gate driver may be applied to a display device
having a slim bezel having a small width. In one exemplary
embodiment, for example, the width of the slim bezel of the
display device including the gate IC chip may be less than 10
mm, and the width of the bezel of the display device in which
the gate driver is integrated with the display panel assembly
may be difficult to be manufactured at less than 10 mm.
[0099] FIG. 8is asignal timing diagram showing signals of
an exemplary embodiment of a gate driver according to the
invention.

[0100] The signals shown in FIG. 8 may be applied to the
liquid crystal display of FIG. 5 having a frame frequency such
as 240 Hz or 480 Hz, or may also be applied to the gate driver
of FIG. 2. Referring to FIG. 8, the timings of the first scanning
start signal STV1 and the second scanning start signal STV2
are independent of each other, and the timing of the gate-on
voltage Von applied to the gate lines G1 to Gn and the timing
of the gate-on voltage Von applied to the charge sharing lines
CS1 to CSn may be effectively controlled based on a prede-
termined driving method. Here, the timing of the gate-on
voltage Von applied to the charge sharing lines CS1 to CSn
means the discharging timing. The first clock control signal
CPV1 and the second clock control signal CPV2 are simul-
taneously generated based on the first scanning start signal
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STV1, and the (2n-1)-th gate line and the 2n-th gate line are
simultaneously applied with the gate-on voltage Von (n is a
natural number). The third clock control signal CPV3 and the
fourth clock control signal CPV4 are simultaneously gener-
ated based on the second scanning start signal STV2, and the
(2n-1)-th charge sharing line and the 2n-th charge sharing
line are simultaneously applied with the gate-on voltage Von
(n is a natural number).

[0101] FIG. 9 is a signal timing diagram showing signals
from a gate driver to an exemplary embodiment of a liquid
crystal display according to the invention.

[0102] The liquid crystal display shown in FIG. 9 is sub-
stantially the same as the liquid crystal display shown in FIG.
5. In the exemplary embodiment in FIG. 9, for example, the
connection relationships of the first subpixel electrode PXa,
the second subpixel electrode PXb, the first switching ele-
ment Qa, the second switching element Qb, the third switch-
ing element Qc, the transformation capacitor Cstd, the first
liquid crystal capacitor, the second liquid crystal capacitor,
the gate lines G1 to Gn, the data lines D1 to Dm, and the
charge sharing lines CS1 to CS2 are the same as the connec-
tion relationships of those shown in FIG. 5. However, the
signals from the gate driver shown in FIG. 9 is substantially
the same as the signals from the gate driver shown in FIG. 7
such that the signals shown in FIG. 8 may be applied to the
liquid crystal display of FIG. 9. In one exemplary embodi-
ment, for example, a (2n-1)-th gate line and a 2n-th gate line
are simultaneously applied with the gate-on voltage Von such
that the data voltage applied to (2n-1)-th subpixel electrodes
PXa and PXb and the data voltage applied to 2n-th subpixel
electrodes PXa and PXb are the same as each other. The
exemplary embodiment of the liquid crystal display shown in
FIG. 9 may include the gate driver of FIG. 2. The signals of
the liquid crystal display from the gate driver shown in FIG.
9 may be applied for driving the 3D image. In one exemplary
embodiment, for example, when the liquid crystal display of
FIG. 9 includes the gate driver of FIG. 2 and outputs a 2D
image or a 3D image having a frame frequency of 120 Hz, the
signals from the gate driver shown in FIG. 9 is applied for the
output of the 3D image, and the signals from the gate driver
shown in FIG. 5 is applied for the output of the normal 2D
image. Accordingly, the driving of the 2D image and the
driving of the 3D image may be effectively changed by con-
trolling the timing of the scanning start signal and the clock
control signal input to the gate driver of FIG. 2 and by con-
trolling the width of the pulse.

[0103] FIG. 10 is a block diagram showing an exemplary
embodiment of a gate driver according to the invention, and
FIG. 11 is a signal timing diagram showing signals of an
exemplary embodiment of a gate driver according to of the
invention.

[0104] The elements of the gate driver shown in FIG. 10,
e.g., the shift register 410 of the gate driver of FIG. 10, the
AND gate 420, the level shifter 430 and the buffer 440, are
substantially the same as the elements of the gate driver of
FIG. 2, except the connection relationship of the gate driver of
FIG. 10, which is different from the connection relationship
of the elements of the gate driver of FIG. 2.

[0105] Referring to FIG. 10, a plurality of shift registers
410 in the gate driver are independently driven based on three
scanning start signals, and two clock control signals are inde-
pendently generated based on each scanning start signal. In
one exemplary embodiment, for example, a (3n-1)-th shift
registers SR1 and SR4 are driven based on a first scanning
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start signal STV1, a (3n-1)-th shift registers SR2 and SR5 are
driven based on a second scanning start signal STV2, and a
3n-th shift registers SR3 and SR6 are driven based on a third
scanning start signal STV3 (n is a natural number). The tim-
ing of three scanning start signals may be independent of each
other, the timing of the gate-on voltage Von may be effectively
controlled based on a predetermined driving method. In such
an embodiment, the timing of two clock control signals based
on each scanning start signal may be independent of each
other such that the timing of the gate-on voltage Von may be
effectively controlled to overlap each other, and display qual-
ity of the display device is substantially improved due to
increased charging time. In an exemplary embodiment, the
number of clock control signals independently generated
based on scanning start signal may be three or more.

[0106] Referring to FIG. 11, in the period when the first
scanning start signal STV1 is in a high level, the first clock
control signal CPV1 and the second clock control signal
CPV2 enter into a high level, e.g., have a rising edge. The
timings of the first clock control signal CPV1 and the second
clock control signal CPV2 are independent of each other. In
one exemplary embodiment, for example, the intervals and
the sequences of rising edges of the first clock control signal
CPV1 and the second clock control signal CPV2 may be
effectively controlled in the period when the first scanning
start signal STV1 is in the high level.

[0107] The gate-on voltage Von of a (6n-5)-th gate line is
synchronized with the first clock control signal CPV1, and the
gate-on voltage Von of a (6n—4)-th gate line is synchronized
with the second clock control signal CPV2 (n is a natural
number).

[0108] In an exemplary embodiment, the third clock con-
trol signal CPV3 and the fourth clock control signal CPV4
enter into a high level in the period when the second scanning
start signal STV2 is in a high level. The timings of the third
clock control signal CPV3 and the fourth clock control signal
CPV4 may be independent of each other. In one exemplary
embodiment, for example, the intervals and the sequences of
rising edges of the third clock control signal CPV3 and the
fourth clock control signal CPV4 may be effectively con-
trolled in the period when the second scanning start signal
STV2 is in the high level.

[0109] The gate-on voltage Von of a (6n-3)-th gate line is
synchronized with the third clock control signal CPV3, and
the gate-on voltage Von of a (6n-2)-th gate line is synchro-
nized with the fourth clock control signal CPV4 (n is a natural
number).

[0110] In an exemplary embodiment, a fifth clock control
signal CPV5 and a sixth clock control signal CPV6 enter into
a high level in a period when a third scanning start signal
STV3 is the high level. The timings of the fifth clock control
signal CPV5 and the sixth clock control signal CPV6 may be
independent of each other. In one exemplary embodiment, for
example, the intervals and the sequences ofrising edges of the
fifth clock control signal CPV5 and the sixth clock control
signal CPV 6 may be effectively controlled in the period when
the third scanning start signal STV3 is in the high level.
[0111] The gate-on voltage Von of the (6n-1)-th gate line is
synchronized with the fifth clock control signal CPV5, and
the gate-on voltage Von of the 6n-th gate line is synchronized
with the sixth clock control signal CPV6 (n is a natural num-
ber).

[0112] FIG. 12 is a block diagram showing an exemplary
embodiment of a gate driver according to an the invention,
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and FIG. 13 is a signal timing diagram showing signals of an
exemplary embodiment of a gate driver according to the
invention.

[0113] The elements of the gate driver shown in FIG. 12,
e.g., the shift register 410, the AND gate 420, the level shifter
430 and the buffer 440, are substantially the same as the
elements of the gate driver of FIG. 2, except the connection
relationship of the gate driver that is different from the gate
driver of FIG. 2.

[0114] Referring to FIG. 12, a plurality of shift registers
410 in the gate driver are independently driven based on two
scanning start signals, and two clock control signals are inde-
pendently generated based on each scanning start signal.
However, four shift registers 410 of the gate driver in FIG. 12
are driven based on each scanning start signal, e.g., a first shift
register SR1 to an (n/2-1)-th shift register SR(n/2-1) are
driven based on the first scanning start signal STV1, and an
n/2-th shift register SR(1/2) to an (n)-th shift register SRn are
driven based on the second scanning start signal STV2 (nis an
even number). In an exemplary embodiment, a plurality of
shift registers 410 are independently driven based on three or
more scanning start signals, and in such an embodiment, the
shift register is divided into three or more shift register groups
and may be independently driven.

[0115] The timing of two scanning start signals may be
independent of each other, and the timings of the gate-on
voltages Von are thereby effectively controlled based on a
predetermined driving method. In such an embodiment, the
timings of two clock control signals based on one scanning
start signal may be independent of each other, and the timings
of the gate-on voltages Von may be effectively controlled to
overlap each other such that display quality of the display
device is substantially improved due to increased charging
time.

[0116] Referring to FIG. 13, in the period when the first
scanning start signal STV1 is a high level, the first clock
control signal CPV1 and the second clock control signal
CPV2 enter into a high level. The timing of the first clock
control signal CPV1 and the second clock control signal
CPV2 may be independent of each other. In one exemplary
embodiment, for example, the interval and the sequence of
the rising edges of the first clock control signal CPV1 and the
second clock control signal CPV2 may be effectively con-
trolled in the period when the first scanning start signal STV1
is in the high level.

[0117] The gate-on voltage Von of an odd-numbered gate
lines among the gate lines, e.g., the first gate line G1 to an
(0/2-1)-th gate line G(n/2-1), is synchronized with the first
clock control signal CPV1, and the gate-on voltage Von of an
even-numbered gate lines is synchronized with the second
clock control signal CPV2 (n is an even number).

[0118] In an exemplary embodiment, the third clock con-
trol signal CPV3 and the fourth clock control signal CPV4
enter into a high level in the period when the second scanning
start signal STV2 is in a high level. The timing of the third
clock control signal CPV3 and the fourth clock control signal
CPV4 may be independent. In one exemplary embodiment,
for example, the interval and the sequence of the rising timing
of'the third clock control signal CPV3 and the rising timing of
the fourth clock control signal CPV4 may be appropriately
controlled in the period when the second scanning start signal
STV2 is the high level.

[0119] The gate-on voltage Von of the odd-numbered gate
line among the gate lines from an n/2-th gate line G(n/2) to an
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n-th gate line Gn is synchronized with the first clock control
signal CPV1, and the gate-on voltage Von of the even-num-
bered gate line is synchronized with the second clock control
signal CPV2 (n is an even number).
[0120] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.
What is claimed is:
1. A gate driver comprising
a gate integrated circuit chip which receives at least two
scanning start signals and at least four clock control
signals, and outputs a plurality of gate-on voltages,
wherein at least two clock control signals of the at least four
clock control signals are generated based on one scan-
ning start signal of the at least two scanning start signals,
wherein timings of the at least two scanning start signals
are independent of each other, and
wherein timings of the at least two clock control signals
based on the one scanning start signal are independent of
each other.
2. The gate driver of claim 1, wherein
each of the at least two clock control signals based on the
one scanning start signal has a rising edge in a period
when the one scanning start signal is in a high level.
3. The gate driver of claim 2, wherein
the plurality of gate-on voltages are synchronized with the
at least two clock control signals based on the one scan-
ning start signal.
4. The gate driver of claim 1, wherein
the plurality of gate-on voltages overlap each other.
5. The gate driver of claim 1, wherein
the at least two scanning start signals comprises a first
scanning start signal and a second scanning start signal,
the at least four clock control signals comprises a first clock
control signal, a second clock control signal, a third
clock control signal and a fourth clock control signal,
and
the gate integrated circuit chip comprises:
a first shift register which receives the first scanning start
signal and the first clock control signal;
a second shift register which receives the first scanning
start signal and the second clock control signal;
a third shift register which receives the second scanning
start signal and the third clock control signal; and
a fourth shift register which receives the second scan-
ning start signal and the fourth clock control signal.
6. The gate driver of claim 5, wherein
the first clock control signal and the second clock control
signal are generated based on the first scanning start
signal, and
the third clock control signal and the fourth clock control
signal are generated based on the second scanning start
signal.
7. The gate driver of claim 6, wherein
each of the first clock control signal and the second clock
control signal has a rising edge in a period when the first
scanning start signal is in a high level, and
each of the third clock control signal and the fourth clock
control signal has a rising edge in a period when the
second scanning start signal is in a high level.

Nov. 22,2012

8. The gate driver of claim 5, wherein

the plurality of gate-on voltage comprises a first gate-on
voltage, a second gate-on voltage, a third gate-on volt-
age and a fourth gate-on voltage,

the first gate-on voltage, the second gate-on voltage, the
third gate-on voltage and the fourth gate-on voltage are
input, respectively, to sequentially positioned four gate
lines, and

the first gate-on voltage is synchronized with the first clock
control signal, the second gate-on voltage is synchro-
nized with the third clock control signal, the third gate-
on voltage is synchronized with the second clock control
signal, and the fourth gate-on voltage is synchronized
with the fourth clock control signal.

9. The gate driver of claim 1, wherein the gate integrated

circuit chip comprises:

a shift register which receives the one scanning start signal
of the at least two scanning start signals and one clock
signal of the at least two clock control signals based on
the one scanning start signal;

a level shifter; and

a buffer which outputs a gate-on voltage of the plurality of
gate-on voltages.

10. The gate driver of claim 9, wherein

the gate integrated circuit chip further comprises an AND
gate.

11. A liquid crystal display comprising:

a first switching element connected to a first gate line and a
first data line;

a second switching element connected to the first gate line
and the first data line;

a first subpixel electrode connected to the first switching
element;

a second subpixel electrode connected to the second
switching element;

a third switching element connected to the second subpixel
electrode and a first charge sharing line;

a transformation capacitor connected to the third switching
element; and

a gate integrated circuit chip which receives at least two
scanning start signals and at least four clock control
signals, and outputs a plurality of gate-on voltages,

wherein at least two clock control signals of the at least four
clock control signals are generated based on one scan-
ning start signal of the at least two scanning start signals,

wherein timings of the at least two scanning start signals
are independent of each other, and

wherein timings of the at least two clock control signals
based on the one scanning start signal are independent of
each other.

12. The liquid crystal display of claim 11, wherein

a first gate-on voltage of the plurality of gate-on voltages is
applied to the first gate line and synchronized with a first
clock control signal of the at least two clock control
signals based on the one scanning start signal, and

a second gate-on voltage of the plurality of gate-on volt-
ages is applied to the first charge sharing line and syn-
chronized with a second clock control signal of the at
least two clock control signals based on the one scanning
start signal.

13. The liquid crystal display of claim 12, wherein

a rising edge of'the first clock control signal is generated in
a period when a first scanning start signal of the at least
two scanning start signals is in a high level, and
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arising edge of the second clock control signal is generated
in a period when a second scanning start signal of the at
least two scanning start signals is in a high level.

14. The liquid crystal display of claim 12, wherein

a third gate-on voltage of the plurality of gate-on voltages
is applied to a second gate line adjacent to the first gate
line,

a timing of rising edge of the third gate-on voltage is
different from a timing of rising edge of the first gate-on
voltage,

a fourth gate-on voltage of the plurality of gate-on voltages
is applied to a second charge sharing line adjacent to the
first charge sharing line, and

a timing of rising edge of the fourth gate-on voltage is
different from a timing of rising edge of the second
gate-on voltage.

15. The liquid crystal display of claim 12, wherein

the subpixel electrode is disposed outside of an area
between a second data line adjacent to the first data line
and a third data line adjacent to the second data line.

16. The liquid crystal display of claim 15, wherein

a third gate-on voltage of the plurality of gate-on voltages
is applied to the second gate line adjacent to the first gate
line,

the third gate-on voltage and the first gate-on voltage are
simultaneously applied,

a fourth gate-on voltage of the plurality of gate-on voltages
is applied to a second charge sharing line adjacent to the
first charge sharing line, and

the fourth gate-on voltage and the second gate-on voltage
are simultaneously applied.

17. The liquid crystal display of claim 11, wherein

a first gate-on voltage of the plurality of gate-on voltages is
applied to the first gate line,
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a second gate-on voltage of the plurality of gate-on volt-
ages is applied to a second gate line adjacent to the first
gate line, and

the first gate-on voltage and the second gate-on voltage
overlap each other.

18. The liquid crystal display of claim 11, further compris-

ing

a bezel having a width less than about 10 millimeters.

19. The liquid crystal display of claim 11, wherein

the liquid crystal display outputs a three-dimensional
image comprising a left eye image and a right eye image.

20. The liquid crystal display of claim 19, wherein

a first gate-on voltage of the plurality of gate-on voltages is
applied to the first gate line and synchronized with a first
clock control signal of the at least two clock control
signals based on the one scanning start signal, and

a second gate-on voltage of the plurality of gate-on volt-
ages is applied to the first charge sharing line and syn-
chronized with a second clock control signal of the at
least two clock control signals based on the one scanning
start signal.

21. The liquid crystal display of claim 20, wherein

a third gate-on voltage of the plurality of gate-on voltages
is applied to a second gate line adjacent to the first gate
line,

the third gate-on voltage and the first gate-on voltage are
simultaneously applied,

a fourth gate-on voltage of the plurality of gate-on voltages
is applied to a second charge sharing line adjacent to the
first charge sharing line, and

the fourth gate-on voltage and the second gate-on voltage
are simultaneously applied.

s * * #* ok
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