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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority under 35
U.S.C. §119(a) of Korean Patent Application No. 10-2012-
0109249 filed on Sep. 28,2012, which is hereby incorporated
by reference in its entirety.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present application relates to a liquid crystal

display device, and more particularly to a liquid crystal dis-
play device adapted to improve the characteristics of gate
drive voltages applied to gate lines.

[0004] 2. Description of the Related Art

[0005] In an electrical information display device field,
existing cathode ray tubes (CRTs) are being replaced with flat
panel display devices. The flat panel display devices include
liquid crystal display (LCD) devices, plasma display panels
(PDPs), field emission display (FFD) devices, organic light-
emitting display (OLED) devices and so on. Among the dis-
play devices, the LCD devices are being mainly used at
present because of having features such as mass production
technologies, an easy driver, high picture quality and a large-
sized screen.

[0006] In the LCD devices, an active matrix LCD device
using thin film transistors as switch elements is suitable to
display moving images. In order to control the above-men-
tioned thin film transistor to be turned-on/off, an ordinary
LCD device includes a gate driver configured to generate and
apply scan signals. Also, the ordinary LCD device further
includes a data driver configured to provide data signals
which are used to display gray levels of an image.

[0007] FIG.1isablockdiagram schematically showing the
configuration of an LCD device according to the related art.
[0008] As shown in FIG. 1, the related art LCD device 10
includes an LCD panel 1 displaying images and drivers 4 and
5.

[0009] The LCD panel 1 includes a plurality of gate lines
GL and aplurality of data lines DL which cross each other and
are formed on a glass substrate. A plurality of pixels arranged
in a matrix shape are defined by the gate lines GL and the data
lines DL crossing each other. An image is displayed on the
LCD panel 1 by data signals applied to the pixels. Such an
LCD panel 1 is defined a display area A/A, in which the pixels
used to display an image are formed, and a non-display area
N/A surrounding the display area A/A.

[0010] Thedrivers 4 and 5 include a gate driver 4 and a data
driver 5. The gate driver 4 replies to gate control signals GCS
applied from a timing controller (not shown) and controls
switch elements of the pixels arranged on the LCD panel 1 to
be turned-on/off. In detail, the gate driver 4 applies gate drive
voltages VG to the LCD panel 1 via the gate lines GL and
enables the switch elements of the pixels to be sequentially
turned-on in a single line. As such, the pixels receive data
signals which are applied from the data driver 5 in every
horizontal synchronous period.

[0011] Thedatadriver 5 replies to data control signals DCS
applied from the timing controller and converts digital image
data into analog data signals. A single line of data signals are
simultaneously applied from the data driver 5 to the LCD
panel via the data lines DL in every horizontal synchronous
period. In accordance therewith, the pixels display the gray
levels of an image.
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[0012] Insuchconfigurationofthe LCD device 10, the gate
driver 4 has a feature that its configuration is relatively sim-
pler compared to the data driver 5. Also, the LCD device has
been required to reduce weight, volume and manufacturing
costs. In view of these points, a gate-in-panel (GIP) gate
driver has been proposed. The GIP gate driver is formed on
the non-display area of the LCD together with the thin film
transistors on the display area A/A at the manufacture of an
array substrate of the LCD panel, unlike an ordinary gate
driver which is manufactured in a separate IC (Integrated
Circuit) chip from the LCD panel and bonded to the LCD
panel.

[0013] Meanwhile, the LCD device causes motion blur
phenomena due to a critical response speed of liquid crystal.
Due to this, image quality of the LCD device must deteriorate.
To address this matter, an LCD device is proposed which is
driven in a higher frequency mode of above 120 Hz compared
to 60 Hz. Ifthe LCD device is driven in a high frequency range
of above 120 Hz, a single horizontal synchronous cycle (or
period) must be shortened. As such, it is difficult to secure the
turning-on time of a switch element within each pixel.
[0014] To this end, the recent LCD device enables not only
a gate driver 4 to include first and second gate drivers 4a and
4b which are disposed on left and right edges of an LCD panel
in a GIP mode, but also gate lines to be pre-charged by
providing an overlap interval between gate drive voltages on
the gate lines. As such, the switch element within each pixel
can be stably turned-on.

[0015] However, although the overlay interval is provided
between the gate drive voltages on the gate lines or the driving
frequency becomes higher, it is difficult to increase a dis-
charge speed of the gate drive voltage charged in each gate
line is being

BRIEF SUMMARY

[0016] Accordingly, embodiments of the present applica-
tion are directed to an LCD device that substantially obviates
one or more of problems due to the limitations and disadvan-
tages of the related art.

[0017] Theembodiments are to provide an LCD device that
is adapted to enhance image quality by disposing a discharge
circuit on each gate line and rapidly discharging a gate drive
voltage charged in each gate line.

[0018] Also, the embodiments are to provide an LCD
device that is adapted to prevent a discharge delay of a gate
drive voltage by enabling the gate drive voltage and a carry
signal for controlling a discharge circuit disposed on a ante-
rior gate line to be independently output from each stage
within a gate driver on a dual GIP mode LCD panel.

[0019] Furthermore, the embodiments are to provide an
LCD device that is adapted to minimize the occupying area of
a gate driver by reducing the number of stages using a con-
figuration of two gate drivers which perform for gate drive
voltages an alternate output instead of a simultaneous output.
[0020] Additional features and advantages of the embodi-
ments will be set forth in the description which follows, and in
part will be apparent from the description, or may be learned
by practice of the embodiments. The advantages of the
embodiments will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0021] According to an general aspect of the present
embodiment, an LCD device includes: a liquid crystal display
panel in which n gate lines are formed, the n being a natural
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number; a timing controller configured to generate first to
sixth clock signals using timing control signals applied from
an external system; a first gate driver configured to apply a
high gate voltage to one ends of the (2k-1)th gate lines in
response to the first, third and fifth clock signals, the “k” being
a natural number smaller than the “n”; a second gate driver
configured to apply the high gate voltage to one ends of the
(2k)th gate lines in response to the second, fourth and sixth
clock signals; left discharge circuits each configured to a low
gate voltage to the other end of the (2k-1)th gate line accord-
ing to a voltage level on (2k+1)th gate line; and right dis-
charge circuits each configured to the low gate voltage to the
other end of the (2k)th gate line according to the voltage level
on (2k+2)th gate line, wherein the first gate driver includes a
plurality of left stages which each include a gate output ter-
minal used to output the high gate voltage and a carry output
terminal used to control the respective left discharge circuit,
and the second gate driver includes a plurality of right stages
which each include another gate output terminal used to out-
put the high gate voltage and another carry output terminal
used configured to control the respective right discharge cir-
cuit.

[0022] AnLCD device according to another general aspect
of the present embodiment includes: a liquid crystal display
panel in which a plurality of gate lines are formed; a controller
configured to generate at least four clock signals with differ-
ence phases; a first gate driver configured to apply a high gate
voltage to odd-numbered gate lines in response to at least two
of the clock signals from the controller; a second gate driver
configured to apply the high gate voltage to even-numbered
gate lines in response to the others of the clock signals from
the controller; primary discharge circuits each configuredto a
low gate voltage to the respective odd numbered gate line in
response to a carry signal opposite to a voltage level on one of
posterior odd-and-even-numbered gate lines; and secondary
discharge circuits each configured to the low gate voltage to
the respective even-numbered gate line in response to the
carry signal opposite to the voltage level on the other one of
the posterior odd-and-even-numbered gate lines, wherein the
first gate driver includes a plurality of primary stages which
each include a gate output portion used to output the high gate
voltage to the respective odd-numbered gate line and a carry
output portion used to output the carry signal to the discharge
circuit connected to one of anterior odd-and-even-numbered
gate lines, and the second gate driver includes a plurality of
secondary stages which each include another gate output
portion used to output the high gate voltage to the respective
even-numbered gate line and another carry output portion
used to output the carry signal to the discharge circuit con-
nected to the other one of the anterior odd-and-even-num-
bered gate lines.

[0023] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure, and
be protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments. It is to be understood that both the
foregoing general description and the following detailed
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description of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included to
provide a further understanding of the embodiments and are
incorporated herein and constitute a part of this application,
illustrate embodiment(s) of the present disclosure and
together with the description serve to explain the disclosure.
In the drawings:

[0025] FIG. 1isablock diagram schematically showing the
configuration of an LCD device according to the related art;
[0026] FIG. 2 is a block diagram showing an LCD device
according to a first embodiment of the present disclosure;
[0027] FIG. 3 is a detailed circuit diagram showing the
configuration of a gate driver, which includes discharge cir-
cuits and is formed on an LCD panel, according to a first
embodiment of the present disclosure;

[0028] FIG. 4A is a detailed block diagram showing the
configuration ofa stage which is disposed in the gate driver of
an LCD device, according to a first embodiment of the present
disclosure;

[0029] FIG. 4B is a detailed circuit diagram showing the
configuration of an output portion within a stage of FIG. 4A,;
[0030] FIG. 5 is a waveform diagram comparing a gate
drive voltage and a carry signal, which are output from nth
stage of the gate driver, in accordance with a first embodiment
of the present disclosure;

[0031] FIG. 6is a waveform diagram illustrating variations
of gate drive voltages, which are applied to gate lines on an
LCD panel, in accordance with a first embodiment of the
present disclosure;

[0032] FIG. 7 is a block diagram showing an LCD device
according to a second embodiment of the present disclosure;
[0033] FIG. 8 is a detailed circuit diagram showing the
configuration of a gate driver, which includes discharge cir-
cuits and is formed on an LCD panel, according to a second
embodiment of the present disclosure; and

[0034] FIG. 9is a waveform diagram illustrating variations
of gate drive voltages, which are applied to gate lines on an
LCD panel, in accordance with a second embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0035] Reference will now be made in detail to the embodi-
ments of the present disclosure, examples of which are illus-
trated in the accompanying drawings. These embodiments
introduced hereinafter are provided as examples in order to
convey their spirits to the ordinary skilled person in the art.
Therefore, these embodiments might be embodied in a dif-
ferent shape, so are not limited to these embodiments
described here. In the drawings, the size, thickness and so on
of a device can be exaggerated for convenience of explana-
tion. Wherever possible, the same reference numbers will be
used throughout this disclosure including the drawings to
refer to the same or like parts.

[0036] FIG. 2 is a block diagram showing an LCD device
according to a first embodiment of the present disclosure.
[0037] As shown in FIG. 2, the LCD device 100 according
to a first embodiment of the present disclosure uses six phase
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clock signals CLK1~CLK6 in order to provide a more stable
operation compared to a 120 Hz drive mode.

[0038] The LCD device 100 according to a first embodi-
ment of the present disclosure includes an L.CD panel 101, a
timing controller 122 configured to generate a variety of
control signals using timing signals applied from external
system, and gate and data drivers 140 and 125 configured to
control the LCD panel 101 in response to the control signals.
[0039] The LCD panel 101 includes a plurality of gate lines
GL and a plurality of data lines DL formed on a glass sub-
strate. A plurality of pixels arranged in a matrix shape is
defined by the gate and data lines GL. and DL crossing each
other. Each pixel includes a thin film transistor TFT, a liquid
crystal cell Clc and a storage capacitor Cst. The LCD panel
101 is defined into a display area A/A, in which the plurality
of pixels is formed, and a non-display area N/A in which any
pixel is not formed.

[0040] The timing controller 122 receives image data RGB
and timing signals from the external system. The timing con-
troller 122 derives the control signals from the timing signals.
The control signals are used to control the gate driver 140 and
the data driver 125. The timing signals includes a data clock
signal DCLK, a horizontal synchronous signal Hsync, a ver-
tical synchronous signal Vsync, a data enable signal DE and
SO on.

[0041] The horizontal synchronous signal Hsync indicates
the time required to display a single horizontal line image.
The vertical synchronous signal Vsync indicates the time
required to display a single frame image. The data enable
signal DE indicates an interval that data voltages are applied
to the pixels defined on the LCD panel 101.

[0042] The control signals generated in the timing control-
ler 122 include gate control signals GCS and data control
signals DCS which are synchronized with the timing signals.
The gate control signals GCS are used to control the gate
driver 140 and the data control signals DCS are used to
control the data driver 125. The gate control signals GCS
generated in the timing controller 122 include a plurality of
clock signals, for example, first through sixth clock signals
CLK1~CLK6 used to determine a driving timing of each
stage within the gate driver 140. The first through sixth clock
signals CLK1~CLK6 each have a high level interval (or
width) corresponding to three horizontal synchronous cycles
(or periods). The high level intervals (or widths) of first
through sixth clock signals CLK1~CLK6 overlap with one
another by the period of two horizontal synchronous cycles.
The first, third and fifth clock signals CLK 1, CLK3 and CLK5
are applied to a first gate driver 140a. The second, fourth and
sixth clock signals CLK2, CLK4 and CLK6 are applied to a
second gate driver 1405.

[0043] Also, the timing controller 122 re-arranges and
modifies the received image data RGB in a format required by
the data driver 125. The re-formatted image data RGBv is
applied from the timing controller 122 to the data driver 125.
Also, the re-formatted image data RGBv can be obtained
using a chromaticity correction algorithm, in order to enhance
image quality.

[0044] The gate driver 140 includes the first and second
gate drivers 140a and 1405 which are disposed on both edges
of the LCD panel 101 corresponding to the non-display area
N/A. The first and second gate drivers 140a and 1405 each
include a shift register which consists of a plurality of stages.
Such a gate driver 140 is formed on the non-display area N/A
of the LCD panel 101 in such a manner as to have thin film
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patterns when the LCD panel 101 is manufactured. In other
words, the gate driver 140 is mounted on the LCD panel 101
in a GIP system.

[0045] The first and second gate drivers 140a and 1405
included in the gate driver 140 reply to the gate control signals
GCS applied from the timing controller 122 and perform
alternately with each other the output operation of a gate drive
voltage every single horizontal synchronous cycle, so that the
gate drive voltages are sequentially applied to the plurality of
gate lines GL1~GLn on the LCD panel 101 in a single hori-
zontal synchronous cycle. The gate drive voltage applied to
each gate line GL. maintains a high gate voltage VGH during
the period of three horizontal synchronous cycles. Also, the
high gate voltage interval (or width) of the gate drive voltage
on each gate line overlaps with those of the gate drive voltage
applied the previous and next gate lines GL adjacent to the
respective gate line by the period of two horizontal synchro-
nous cycles. This results in pre-charging of the gate lines
GL1~GLn. As such, the pixel can perform a more stable
charging operation when the data voltage is applied.

[0046] To this end, the first, third and fifth clock signals
CLK1, CLK3 and CLKS5 each having a pulse width corre-
sponding three horizontal synchronous cycles (i.e., a period
corresponding to six horizontal synchronous cycles) are
applied to the first gate driver 14a. Also, the second, fourth
and sixth clock signals CLK2, CLK4 and CLK6 having the
same width as the first, third and fifth clock signals CLK1,
CLK3 and CLKS5 are applied to the second gate driver 1405.
The second, fourth and sixth clock signals CLK2, CLK4 and
CLK6 overlap with the first, third and fifth clock signals
CLK1, CLK3 and CLKS5 by the period corresponding to two
horizontal synchronous cycles, respectively.

[0047] For example, the high gate voltage VGH is applied
from the second gate driver 1404 to the (k+1)th gate line
GLk+1 after the period of a single horizontal cycle from when
the high gate voltage VGH is applied from the first gate driver
1404 to the kth gate line GLk. The high gate voltage VGH is
applied from the first gate driver 140a to the (k+2)th gate line
GLk+2 after the period of a single horizontal cycle from when
the high gate voltage VGH is applied from the second gate
driver 1405 to the (k+1)th gate line GLk+1.

[0048] After the period of a single horizontal synchronous
cycle from when the high gate voltage VGH is applied from
the first gate driver 140a to the (k+2)th gate line GLk+2, not
only the high gate voltage VGH is applied from the second
gate driver 1406 to the (k+3)th gate line GLk+3 but also the
low gate voltage VGL is applied from the second gate driver
1405 to the kth gate line GLk. As such, the thin film transistors
TFT on the kth gate line GLk are turned-off and allow the data
voltages charged into the liquid crystal cell Clc to be main-
tained during a single frame period. Wherein “k” is a natural
number smaller than “n”.

[0049] Also, the LCD device 100 further includes dis-
charge circuits TL1~TLj and TR1~TR;j disposed on the
respective gate lines GL.1~GLn and configured to minimize a
discharge delay of the gate drive voltage. To this end, each of
the discharge circuits TL1~TLj and TR1~TRJ enables the
low gate voltage VGL to be applied to the respective gate line
GL without any delay when the voltage on the respective gate
line GL transitions from the high gate voltage VGH into the
low gate voltage VGL.

[0050] For example, when the voltage on the nth gate line
GLn transitions from the high gate voltage VGH into the low
gate voltage VGL, the jth left discharge circuit T, for apply-
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ing the low gate voltage VGL is activated and enables the
voltage on the nth gate line GLn to be discharged. In accor-
dance therewith, the discharge delay on the nth gate line GL.n
can be minimized.

[0051] Each of the discharge circuits is connected to one
end of the respective gate line GL. In detail, right discharge
circuits TR1~TRj arranged adjacently to the second gate
driver 1405 are connected to one ends of odd-numbered gate
lines GL1, GL3, . . ., GLn-1, and left discharge circuits
TL1~TL;j arranged adjacently to the first gate driver 140a are
connected to the other ends of even-numbered gate lines GL2,
GL4, ..., GLn. Wherein “j” is a natural number smaller than
“n”.

[0052] Each of the discharge circuits is activated by a carry
signal applied from a stage which is connected with the next
third gate line GLk-1 to the respective gate line GLk. For
example, the first right discharge circuit TR1 connected to the
first gate line GL1 is activated by the carry signal applied from
astage which is connected to the fourth gate line GL4. To this
end, the stages included in the gate driver 140 of the present
embodiment each output the gate drive voltage and the carry
signal for activating the respective discharge circuit TL1~TLj
and TR1~TRj, unlike those of the related art gate driver.
[0053] In this manner, each of the discharge circuits
TL1~TLj and TR1~TR] is activated and enables the low gate
voltage VGL to be applied to the respective gate line GL.
Also, the discharge circuits can be implemented by thin film
transistors each disposed between the stages which form the
gate driver 140. In accordance therewith, the occupying area
of the first and second gate drivers 140a and 1405 within the
non-display area of the LCD panel 101 can be reduced.
[0054] Such stage and discharge circuit of the gate driver
140 will be described in detail later.

[0055] The data driver 125 replies to the data control sig-
nals DCS applied from the timing controller 122 and converts
the re-formatted digital image data RGBv into analog data
voltages VDATA selectively using reference voltages Vref.
The data voltages VDATA are generated by a single horizon-
tal line of pixels. Also, the data voltages VDATA are simul-
taneously applied to the LCD panel 101 via the data lines
DL1~DLm during a single horizontal synchronous period.
[0056] As described above, the LCD device with an inte-
grated driver circuit according to a first embodiment of the
present disclosure allows the two gate drivers to output alter-
nately with each other the gate drive voltages without simul-
taneously outputting the gate drive voltages. As such, the
number of stages included in the gate drivers can be reduced.
[0057] Moreover, the discharge circuits are additionally
disposed between the stages and enable the voltage discharge
from the gate line to be promoted. Therefore, the discharging
delay of the voltage on the gate line can be minimized.
[0058] The configuration of the gate driver and the dis-
charge circuits according to a first embodiment of the present
disclosure will now be explained in detail with reference to
the accompanying drawings.

[0059] FIG. 3 is a detailed circuit diagram showing the
configuration of a gate drivers and discharge circuits, which
are formed on an LCD panel, according to a first embodiment
of the present disclosure.

[0060] Referring to FIG. 3, the gate driver according to a
first embodiment of the present disclosure includes the first
gate driver 140a formed on one edge of the LCD panel 101
and the second gate driver 1405 formed another edge opposite
to one edge. Meanwhile, each of the discharge circuits can be
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implemented by a single discharge transistor. As such, the
gate driver further includes a plurality of left discharge tran-
sistor TL1~TLj disposed between the stages of the first gate
driver 140a and a plurality of right discharge transistors
TR1~TR;j disposed between stages of the second gate driver
1405.

[0061] The stages can be driven in a six phase mode. To this
end, first through sixth clock signals CLK1~CLK6 with six
phases different from one another, a high gate voltage VGH,
a carry signal CS generated in other stage and a low gate
voltage VGL are applied to the stages. Although they are not
shown in the drawings, a power supply voltage VDD and a
ground voltage GND can be applied to the stages. The first
through sixth clock signals CLK1~CLK6 each have a high
level interval (or width) corresponding to three horizontal
synchronous cycles. The high level intervals (or widths) of the
first through sixth clock signals CLK1~CLK6 overlap with
one another by the period of two horizontal synchronous
cycles. The high gate voltage VGH is used to turn-on the thin
film transistors within the display area A/A. The carry signal
CS is directly output from a stage and used to control the
discharge circuit. The low gate voltage VGL is used to turn-
off the thin film transistors within the display area A/A.

[0062] Also, the stages within the gate driver 140 of the
present embodiment each include a gate output terminal con-
figured to output a gate drive voltage (i.e., the high gate
voltage pulse) and a carry output terminal configured to out-
put a carry signal which will be applied to a discharge circuit
connected to an adjacent gate line, unlike those of the related
art gate driver. Such a stage included in the gate driver 140 of
the present embodiment will be explained in detail through
the description of FIGS. 4A and 4B.

[0063] More specifically, the first gate driver 140a receives
the first, third and fifth clock signals CLK 1, CLK3 and CLKS,
the high gate voltage VGH, the carry signal CS and the low
gate voltage VGL. The first gate driver 140a replies to a first
start voltage Vst1 corresponding to a gate start pulse GSP and
sequentially outputs the gate drive voltages to a plurality of
odd-numbered gate lines GL.1, GL3, . . ., GLn-1 in the period
of two horizontal synchronous cycles. The gate drive voltages
each have a high gate voltage pulse which is used to turn-on
the thin film transistors within the display area A/A and has a
width corresponding to three horizontal synchronous cycles.
The high gate voltage pulse applied to each gate line overlaps
with the high gate voltage pulses, which are applied to the
previous and next gate lines adjacent to the respective gate
line, by the period of two horizontal synchronous cycles.

[0064] Such a first gate driver 140a includes first through
jth left stages STL.1~STLj and two left dummy stages DTL1
and DTL2 which are serially connected to one another based
on the first start voltage Vstl.

[0065] The second gate driver 1405 receives the second,
fourth and sixth clock signals CLK2, CLK4 and CLK®6, the
high gate voltage VGH, the carry signal CS and the low gate
voltage VGL. The second gate driver 1406 replies to a second
start voltage Vst2 corresponding to the gate start pulse GSP
and sequentially outputs the gate drive voltages to a plurality
of even-numbered gate lines GL2, GL4, . . ., GLn in the
period of two horizontal synchronous cycles. The gate drive
voltages on the even-numbered gate lines GL.2, GL4, . . .,
GLn have the similar high gate voltage pulses to those on the
odd-numbered gate lines GL.1, GL3, ..., GLn-1.
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[0066] This second gate driver 1405 includes first through
jth right stages STR1~STRj and a right dummy stage DTR
which are serially connected to one another based on the
second start voltage Vst2.

[0067] Also, the gate driver 140 includes left discharge
transistors TL1~TLj disposed between the left stages which
include the first through jth left stages STL1~STL;j and the
two left dummy stages DTL1 and DTL.2.

[0068] Meanwhile, the jth left state STLj connected to the
(n-1)th gate line GL.n-1 can be used to drive the (j-2)th left
discharge transistor TLj-2 and the jth right state STRj con-
nected to the nth gate line GLn can be used to drive the (j-1)th
right discharge transistor TRj—1. Due to this, the first and
second left dummy stages DTL1 and DTL2 and the right
dummy stage DTR are provided, in order to drive the (j-1)th
and jth left discharge transistors TLj-1 and TLj, which are
connected to the (n-2)th and nth gate lines GLn-2 and GLn,
and the jth right discharge transistor TRj connected to the
(n-1)th gate line GLn-1.

[0069] A first electrode of each left discharge transistor
TL1~TLj is connected to the even-numbered gate line GL.2,
GL4,...,GLnto which the gate output terminal of each ofthe
right stage STR1~STRj and the right dummy stages is con-
nected. A gate electrode of each left discharge transistor
TL1~TL;j is connected to the carry output terminal of either
the posterior left state to the right stage STR which is con-
nected to the first electrode, or one of the left dummy stages
DTL1 and DTL2. A second electrode of each left discharge
transistor TL1~TLj is connected to a low gate voltage line
used to transfer the low gate voltage VGL.

[0070] For example, the first electrode of the first left dis-
charge transistor TL1 is connected to the second gate line
GL2, and the gate electrode of the first left discharge transis-
tor TL1 is connected to the carry output terminal of the third
left stage STL3 connected to the fifth gate line GLS5. Also, the
second electrode of the first left discharge transistor TLI is
connected to the low gate voltage line.

[0071] The gate driver 140 further includes right discharge
transistors TR1~TRj disposed between the right stages which
include the first through jth right stages STR1~STR;j and the
right dummy stage DTR.

[0072] A first electrode of each right discharge transistor
TR1~TR;j is connected to the odd-numbered gate line GL1,
GL3, ..., GLn to which the gate output terminal of each left
stage STL1~STL;j is connected. A gate electrode of each right
discharge transistor TR1~TRj is connected to the carry output
terminal of either the posterior right state to the left stage STL
which is connected to the first electrode, or the right dummy
stage DTR. A second electrode of each right discharge tran-
sistor TR1~TRjis connected to a low gate voltage line used to
transfer the low gate voltage VGL.

[0073] For example, the first electrode of the first right
discharge transistor TR1 is connected to the first gate line
GL1, and the gate electrode of the first right discharge tran-
sistor TR1 is connected to the carry output terminal of the
second right stage STR2 connected to the fourth gate line
GL4. Also, the second electrode of the first right discharge
transistor TR1 is connected to the low gate voltage line.
[0074] The above-mentioned six-phase mode gate driver
including the discharge circuits will now be explained in
detail.

[0075] When the first and second start voltages Vstl and
Vst2 are applied to the first and second gate drivers 140a and
1405, first, the first left stage STL1 of the first gate driver 140a
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replies to the first clock signal CLK 1 and outputs the high gate
voltage VGH to the first gate line GL1 during the period of
three horizontal synchronous cycles. In other words, the first
left stage STL1 of the first gate driver 140a outputs the high
gate voltage pulse with the width of three horizontal synchro-
nous cycles the first gate line GL 1.

[0076] Thereafter, the first right stage STR1 of the second
gate driver 1404 responsive to the second clock signal CLK2
outputs the high gate voltage VGH to the second gate line
GL2 through the gate output terminal during the period of
three horizontal synchronous cycles. In other words, the first
right stage STR1 of the second gate driver 1405 outputs the
high gate voltage pulse with the width of three horizontal
synchronous cycles the second gate line GL2.

[0077] The first and second clock signals CLK1 and CLK2
overlap with each other by the period of two horizontal syn-
chronous cycles. The second clock signal CLK2 has a
delayed phase of a single horizontal synchronous cycle from
the first clock signal CLK1. As such, the posterior portion of
the high gate voltage pulse on the first gate line GL.1 overlaps
with the anterior portion of the high gate voltage pulse on the
second gate line GL2 by the period of two horizontal syn-
chronous cycles.

[0078] Subsequently. the second left stage STL2 respon-
sive to the third clock signal CLK3 outputs the high gate
voltage pulse with the width of three horizontal synchronous
cycles to the third gate line GL3. Afterward, the second right
stage STR2 responsive to the fourth clock signal CLK4 out-
puts the high gate voltage pulse with the width of three hori-
zontal synchronous cycles the fourth gate line GL4.

[0079] The above-mentioned high gate voltage pulses are
gate drive voltages being output from the gate output termi-
nals of the respective stages. Each stage of the present
embodiment includes the gate output terminal and the carry
output terminal which are separated from each other. As such,
each stage enables not only the high gate voltage pulse to be
output from the gate output terminal but also the carry signal
CSto beoutput from the carry output terminal. Also, the carry
signal, which 1s generated in the stage connected to kth gate
line GLk, is used to control the discharge circuit connected to
the (k-3)th gate line GLk-3.

[0080] When the first left stage STL1 responsive to the first
clock signal CLK1 outputs the low gate voltage VGL to the
first gate line GL1, the carry signal CS generated in the second
right stage STR2 is simultaneously applied to the gate elec-
trode of the first right discharge transistor TR1 connected to
one end of the first gate line GL1. As such, the first right
discharge transistor TR1 is turned-on by the carry signal CS
of the second right stage STR2. Also, the first gate line GL1
can be connected to the low gate voltage line via the first and
second electrodes of the first right discharge transistor TR1.
In accordance therewith, the voltage on the first gate line GL1
can rapidly transition from the high gate voltage VGH into the
low gate voltage VGL.

[0081] In other words, both ends of the first gate line GL1
can simultaneously receive the low gate voltage VGL. As
such, the delay of a signal caused by a line resistance can be
minimized. Therefore, the turned-on first right discharge
transistor TR1 (i.e., a discharge circuit) enables the high gate
voltage on the first gate line GL1 to be rapidly discharged.
[0082] Moreover, in order to minimize the delay time when
the gate drive voltage transitions from the high gate voltage
VGH to the low gate voltage VGL, each stage of the present
embodiment enables the carry signal CS to be directly applied
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from the carry output terminal to the gate electrode of the
respective discharge transistor.

[0083] In general, each stage of the related art controls the
discharge circuit using the gate drive voltage (i.e., the high
gate voltage VGH). In other words, each stage of the related
art simultaneously applies the gate high voltage VGH not
only the gate line but also the discharge circuit. As such, the
load of each stage according to the related art must be large.
Also, the delay time of the high gate voltage VGH used not
only to turn-on the discharge transistor of the discharge cir-
cuit but also to drive the gate line must lengthen. Meanwhile,
each stage of the present embodiment uses the carry signal CS
in the control of the discharge circuit without being connected
any different load. Therefore, each stage of the present
embodiment can allow the high gate voltage on the gate line
to be rapidly discharged.

[0084] FIG. 4A is a detailed block diagram showing the
configuration of a stage which is disposed in the gate driver of
an LCD device, according to a first embodiment of the present
disclosure. FIG. 4B is a detailed circuit diagram showing the
configuration of an output portion within a stage of FIG. 4A.
FIG. 5 is a waveform diagram comparing a gate drive voltage
and a carry signal, which are output from nth stage of the gate
driver, in accordance with a first embodiment of the present
disclosure.

[0085] As shown in the drawings, the stage included in the
gate driver of the present embodiment includes an input por-
tion171, a controller 172 and an cutput portion 173. The input
portion 171 receives a clock signal CLK, the high gate voltage
VGH, the low gate voltage VGL and so on as input signals.
The controller 172 generates control signals for controlling
the output portion 173, using the input signals from the input
portion 171. The output portion 173 outputs the high gate
voltage VGH and the carry signal using the clock signal and
the control signals.

[0086] The output portion 173 of the stage according to the
present embodiment includes a gate output portion 173a and
acarry output portion 1735. The gate output portion 173a can
include a first pull-up transistor Trpul and a first pull-down
transistor Trpud1. The carry output portion 1735 can include
a second pull-up transistor Trpu2 and a second pull-down
transistor Trpud2.

[0087] The gate output portion 173a outputs the high gate
voltage VGH (i.e., the gate drive voltage or a gate signal)
through a gate output terminal, using the clock signal CLK
and the control signals from the controller 172. Also, the gate
output portion 1734 can applies the high gate voltage VGH to
a gate line connected with the respective stage. The high gate
voltage VGH can be selectively generated according to the
control signals at inverting and non-inverting nodes Q and /Q
within the respective stage, and directly applied to the gate
line connected with the respective stage.

[0088] The carry output portion 1735 outputs the carry
signal through a carry output terminal, using the clock signal
CLK and the control signals from the controller 172. Also, the
carry output portion 1735 can allows the carry signal to be
applied from the respective stage, which is connected to the
nth gate line GLn, to the discharge circuit (i.e., the discharge
transistor) connected to the (n-3)th gate line GLn-3. As such,
the discharge circuit (i.e., the discharge transistor) connected
to the (n-3)th gate line GL.n-3 can be activated.

[0089] The carry signal is controlled by the control signals
at the inverting and non-inverting nodes Q and /Q. As such,
the carry signal can have the same waveform as the high gate
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voltage being output through the gate output terminal. Also,
the carry signal can directly control the discharge circuit
connected with a different gate line, without being applied to
any gate line. In accordance therewith, the discharge circuit
can be driven without any initial delay. As a result, the high
gate voltage VGH charged in each gate line can be rapidly
discharged to the low gate voltage VGL without being
delayed.

[0090] As shown in FIG. 5, a signal output from the gate
output terminal of the kth stage is smoothly delayed in an
interval transitioning from a low level to a high level, but falls
rapidly in another interval transitioning from the high level to
the low level. In other words, the gate drive voltage according
to the present embodiment can have an enhanced delay char-
acteristic compared to that of the related art depicted by a
dotted line.

[0091] This results from the fact that a kth discharge circuit
connected with a kth gate line GLk is driven by a carry signal
CS from a (k+3)th stage connected with a (k+3)th gate line
GLk+3 and enables the high gate voltage VGH on the kth gate
line GLk to be rapidly discharged.

[0092] If the carry signal and the high gate voltage VGH
generated in the same stage are not separated from each other,
the high gate voltage VGH is used to activate the discharge
circuit. In this case, the gate drive voltage rises to the high gate
voltage VGH with having an initial delay, like the kth Gate
signal shown in FIG. 5. As such, the turning-on/off of the
discharge circuit is delayed by the initial delay value. Due to
this, the high gate voltage VGH on the kth gate line GLk
cannot be rapidly discharged.

[0093] In order to control the discharge circuit connected
with each gate line, each stage of the present embodiment
includes a carry output terminal not connected with any gate
line and directly applies the carry signal to the discharge
circuit via the carry output terminal. As such, the high gate
voltage VGH on each gate line GL1~GLn can be rapidly
discharged.

[0094] FIG. 6 is a waveform diagram illustrating variations
of gate drive voltages, which are applied to gate lines on an
LCD panel, in accordance with a first embodiment of the
present disclosure.

[0095] Referring to FIGS. 6 and 3, the LCD device with the
discharge circuits according to a first embodiment of the
present disclosure enables not only each gate line GL1~GLn
to be charged with the high gate voltage VGH during the
period of three horizontal synchronous cycles, and then the
voltage charged in each gate line to be discharged to the low
gate voltage VGL. The high gate voltages VGH on the two
gate lines adjacent to each other overlap with each other by
the period of two horizontal synchronous cycles. Also, the
high gate voltages VGH on the gate lines connected to the
same gate driver 140a or 1405 overlap with each other by the
period of a single horizontal synchronous cycle. The data
voltages “d” are applied the pixels during a single horizontal
synchronous period of the overlap period between the high
gate voltages VGH on the gate lines GL1~GLn.

[0096] Particularly, as shown in the drawings, when the
voltage on each gate line is discharged, the low gate voltage
VGL is applied to both end of the respective gate line. As
such, the voltage on each gate line falls into the low gate
voltage VGL with having a sharp falling edge “c”.

[0097] As shown in FIG. 3, the present embodiment allows
the first right discharge transistor connected with the first gate
line GL1 to be turned-on by the carry signal CS generated in
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the second right stage STR2 which is connected to the fourth
gate line GL4. As such, the voltage on the first gate line GL1
promptly transitions from the high gate voltage VGH to the
low gate voltage VGL without any delay. Meanwhile, if the
first right discharge transistor TR1 is turned-on by the high
gate voltage VGH being applied to the fourth gate line GL4,
asillustrated by dotted lines “x”, a delay problem is generated
when the voltage on the first gate line GL1 transitions from
the high gate voltage VGH to the low gate voltage VGL.
[0098] Moreover, as seen from FIG. 6, it is evident that the
anterior portions of the carry signals used to control the dis-
charge circuits (i.e., the left and right discharge transistors),
which are arranged adjacently to the first and second gate
drivers 140a and 1405, each have a very ideal transition from
the low gate voltage VGL to the high gate voltage VGH,
unlike that of the gate drive voltage.

[0099] In accordance therewith, the discharge transistors
connected with the respective gate lines GL1~GLn can be
rapidly turned-on/off by the carry signals applied from the
respective stages. Therefore, the high gate voltage VGH
charged in each gate line can be promptly discharged without
any delay.

[0100] FIG. 7 is a block diagram showing an LCD device
according to a second embodiment of the present disclosure.
[0101] TheLCD device 100 according to a second embodi-
ment of the present disclosure uses four phase clock signals
CLK1~CLK4 in order to provide a more stable operation
compared to a 120 Hz drive mode. The configuration of each
stage within the gate driver, which is disclosed in the first
embodiment, can be applied to the second embodiment in the
same manner. As such, the description of the second embodi-
ment will be focused on components of the second embodi-
ment which are distinguished from those of the first embodi-
ment.

[0102] The LCD device according to a second embodiment
of the present disclosure includes an LCD panel 201 config-
ured to display images, a timing controller 220 configured to
generate a variety of control signals using timing signals
applied from external system, and gate and data drivers 240
and 250 configured to control the LCD panel 201 in response
to the control signals.

[0103] The timing controller 220 generates a plurality of
clock signals, for example, first through fourth clock signals
CLK1~CLK4 used to determine a driving timing of each
stage within the gate driver 240. The first through fourth clock
signals CLK1~CLK4 each have a high level interval (or
width) corresponding to two horizontal synchronous cycles
(or periods). The high level intervals (or widths) of first
through fourth clock signals CLK1~CLK4 overlap with one
another by the period of a single horizontal synchronous
cycle.

[0104] The gate driver 240 includes the first and second
gate drivers 240a and 2405 which are disposed on both edges
of the LCD panel 201 corresponding to the non-display area
N/A. The first and second gate drivers 240a and 2405 each
include a shift register which consists of a plurality of stages.
[0105] Thefirstand second gate driver 240 (240 and 2405)
reply to the gate control signals GCS applied from the timing
controller 122 and perform alternately with each other the
output operation of a gate drive voltage every single horizon-
tal synchronous cycle, so that the gate drive voltages are
sequentially applied to the plurality of gate lines GL1~GLn
on the LCD panel 101 in a single horizontal synchronous
cycle. The gate drive voltage applied to each gate line GL
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maintains a high gate voltage VGH during the period of two
horizontal synchronous cycles. Also. the high gate voltage
interval (or width) of the gate drive voltage applied to each
gate line overlaps with those of the gate drive voltages applied
the previous and next gate lines GL adjacent to the respective
gate line by the period of a single horizontal synchronous
cycle. This results in pre-charging of the gate lines GL.1~GLn.
As such, the pixel can perform a more stable charging opera-
tion when the data voltage is applied.

[0106] To this end, the first and third clock signals CLK1
and CLK3 each having a pulse width corresponding to two
horizontal synchronous cycles (i.e., a petiod corresponding to
four horizontal synchronous cycles) are applied to the first
gate driver 240a. Also, the second and fourth clock signals
CLK?2 and CLK4 having the same pulse width as the first and
third clock signals CLK 1 and CLK3 are applied to the second
gate driver 1405. The second and fourth clock signals CLK2
and CLK4 overlap with the first and third clock signals CLK1
and CLK3 by the period corresponding to a single horizontal
synchronous cycle, respectively.

[0107] For example, the high gate voltage VGH is applied
from the second gate driver 2405 to the (k+1)th gate line
GLk+1 after the period of a single horizontal cycle from when
the high gate voltage VGH is applied from the first gate driver
240a to the kth gate line GLk. After the period of a single
horizontal synchronous cycle from when the high gate volt-
age VGH is applied from the second gate driver 2405 to the
(k+1)th gate line GLk+1, not only the high gate voltage VGH
is applied from the first gate driver 240a to the (k+2)th gate
line GLk+2 but also the low gate voltage VGL is applied from
the first gate driver 240q to the kth gate line GLk. As such, the
thin film transistors TFT on the kth gate line GLk are turned-
off and allow the data voltages charged into the liquid crystal
cell Clc to be maintained during a single frame period.
Wherein “k” is a natural number smaller than “n”. Also, after
the period of a single horizontal synchronous cycle, the sec-
ond gate driver 2405 performs for the (k+3)th and the (k+1)th
gate lines GLk+3 and GLk+1 the same operation as the first
gate driver 240q. In this manner, the gate lines GL1~GLn can
be sequentially enabled by the first and second gate drivers
240a and 2405 being driven alternately with each other. The
details related to this will be, or will become, apparent to one
with skill in the art upon the above description of the first
embodiment.

[0108] Also, the LCD device can further includes discharge
circuits TL1~TLj and TR1~TRj, in order to minimize the
discharge delay of the gate drive voltage when the voltage on
each gate line transitions from the high gate voltage VGH into
the low gate voltage VGL. The discharge circuits TL1~TL;
and TR1~TRj can be connected to one ends of the respective
gate lines. The discharge circuits includes left discharge cir-
cuits TL1~TLj and right discharge circuits TR1~TR;j.
Wherein “” is a natural number smaller than “n”. The left
discharge circuits TL1~TLj arranged adjacently to the first
gate driver 240a are connected to even-numbered gate lines
GL2,GL4, . .., GLn. The right discharge circuits TR1~TRj
arranged adjacently to the second gate driver 2405 are con-
nected to odd-numbered gate lines GL1, GL3, . .., GLn-1.

[0109] The LCD device of the second embodiment allows
each stage of the gate driver 240 to include a gate output
terminal and a carry output terminal configured to output a
carry signal CS, as shown in FIGS. 4A and 4B. Also, the LCD
device of the second embodiment enables each of the dis-
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charge circuits TL1~TLj and TR 1~TRj to be controlled by the
carry signal CS without having any initial delay.

[0110] FIG. 8 is a detailed circuit diagram showing the
configuration of a gate driver and discharge circuits, which
are formed on an LCD panel, according to a second embodi-
ment of the present disclosure.

[0111] Referring to FIG. 8, the gate driver 240 according to
a second embodiment of the present disclosure includes the
first gate driver 240 formed on one edge of the LCD panel 201
and the second gate driver 2405 formed another edge opposite
to one edge. Meanwhile, each of the discharge circuits can be
implemented by a single discharge transistor. As such, the
gate driver further includes a plurality of left discharge tran-
sistor TL1~TLj disposed between stages of the first gate
driver 240a and a plurality of right discharge transistors
TR1~TR;j disposed between stages of the second gate driver
240b.

[0112] The stages can be driven in a four phase mode. To
this end, first through fourth clock signals CLK1~CLK4 with
four phases different from one another, a high gate voltage
VGH, a carry signal CS generated in other stage and a low
gate voltage VGL are applied to the stages. Although they are
not shown in the drawings, a power supply voltage VDD and
a ground voltage GND can be applied to the stages. The first
through fourth clock signals CLK1~CLK4 each have a high
level interval (or width) corresponding to two horizontal syn-
chronous cycles. The high level intervals (or widths) of the
first through fourth clock signals CLK1~CLK4 overlap with
one another by the period of a single horizontal synchronous
cycle.

[0113] Also, the stages within the gate driver 240 of the
second embodiment each include an output portion config-
ured to output a gate drive voltage (i.e., the high gate voltage
pulse) and a carry signal which will be applied to a discharge
circuit connected to an adjacent gate line as shown in F1G. 4A,
unlike those of the related art gate driver. The output portion
of each stage can include a gate output portion configured to
output the gate drive voltage and a carry output portion con-
figured to output the carry signal, as shown in FIG. 4B.
[0114] More specifically, the first gate driver 240a receives
the first and third clock signals CLK1 and CLK3, the high
gate voltage VGH, the carry signal CS and the low gate
voltage VGL. The first gate driver 240a replies to a first start
voltage Vstl corresponding to a gate start pulse GSP and
sequentially outputs the gate drive voltages to a plurality of
odd-numbered gate lines GL.1,GL3, .. ., GLn-1 in the period
oftwo horizontal synchronous cycles. The gate drive voltages
each have a high gate voltage pulse which is used to turn-on
the thin film transistors within the display area A/A and has a
width corresponding to two horizontal synchronous cycles.
The high gate voltage pulse applied to each gate line overlaps
with the high gate voltage pulses, which are applied to the
previous and next gate lines adjacent to the respective gate
line, by the period of a single horizontal synchronous cycle.
[0115] Such a first gate driver 240qa includes first through
jthleftstages STL1~STLjand a left dummy stage DTL which
are serially connected to one another based on the first start
voltage Vstl.

[0116] The second gate driver 2405 receives the second and
fourth clock signals CLK2 and CLK4, the high gate voltage
VGH, the carry signal CS and the low gate voltage VGL. The
second gate driver 2404 replies to a second start voltage Vst2
corresponding to the gate start pulse GSP and sequentially
outputs the gate drive voltages to a plurality of even-num-
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bered gate lines GL.2, GL4, . . ., GLn in the period of two
horizontal synchronous cycles. The gate drive voltages on the
even-numbered gate lines GL2, GL4, . . ., GLn have the
similar high gate voltage pulses to those on the odd-numbered
gate lines GL1, GL3, . .., GLn-1.

[0117] This second gate driver 2405 includes first through
jth right stages STR1~STR]j and a right dummy stage DTR
which are serially connected to one another based on the
second start voltage Vst2.

[0118] Also, the gate driver 240 includes left discharge
transistors TL1~TLj disposed between the left stages which
include the first through jth left stages STL1~STL; and the
left dummy stages DTL.

[0119] A first electrode of each left discharge transistor
TL1~TLj is connected to the even-numbered gate line GL2,
GL4, ..., GLn to which the gate output portion (or terminal)
of each right stage STR1~STR;j or the gate output portion (or
terminal) of the left dummy stage DTL is connected. A gate
electrode of each left discharge transistor TL1~TL;j is con-
nected to the carry output portion (or terminal) of either the
posterior right state to the right stage STR which is connected
to the first electrode, or the right dummy stage DTR. A second
electrode of each left discharge transistor TL1~TL; is con-
nected to a low gate voltage line used to transfer the low gate
voltage VGL.

[0120] For example, the first electrode of the first left dis-
charge transistor TL1 is connected to the second gate line
GL2, and the gate electrode of the first left discharge transis-
tor TL1 is connected to the carry output portion (or terminal)
of the second right stage STR2 connected to the fourth gate
line GL4. Also, the second electrode of the first left discharge
transistor TL 1 is connected to the low gate voltage line.
[0121] The gate driver 240 further includes right discharge
transistors TR1~TRj disposed between the right stages which
include the first through jth right stages STR1~STRj and the
right dummy stage DTR.

[0122] A first electrode of each right discharge transistor
TR1~TRj is connected to the odd-numbered gate line GL1,
GL3, ..., GLn to which the gate output portion (or terminal)
of each left stage STL1~STL is connected. A gate electrode
of each right discharge transistor TR1~TR] is connected to
the carry output portion (or terminal) of either the posterior
left state to the left stage STL which is connected to the first
electrode, or the left dummy stage DTL. A second electrode
of each right discharge transistor TR1~TR] is connected to a
low gate voltage line used to transfer the low gate voltage
VGL.

[0123] For example, the first electrode of the first right
discharge transistor TR1 is connected to the first gate line
GL1, and the gate electrode of the first right discharge tran-
sistor TR1 is connected to the carry output portion (or termi-
nal) within the second right stage STR2 for applying the gate
drive voltage to the third gate line GL3. Also, the second
electrode of the first right discharge transistor TR1 is con-
nected to the low gate voltage line.

[0124] Such an LCD device of the second embodiment can
performs the same operation as that of the first embodiment,
but drives the gate driver 240 using the four phase clock
signals CLK1~CLK4. Also, the LCD device of the second
embodiment enables the first right discharge transistor TR1
connected with the first gate line GL1 to be turned-on by the
carry signal of the second left stage STL2 disposed opposite
to the first right discharge transistor TR1. Similarly, the first
left discharge transistor TL1 connected to the second gate line
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GL2 is turned-on by the carry signal of the second right stage
STR2 disposed opposite to the first left discharge transistor
TL1.

[0125] In other words, the discharge circuit TL1~TLj and
TR1~TRj connected to each gate line GL.1~GLn is controlled
by the carry signal CS independently output from each stage,
instead of the gate drive voltage (i.e., the high gate voltage
VGH). As such, the discharge delay of the gate drive voltage
(i-e., the high gate voltage VGH) on each gate line can be
minimized.

[0126] FIG.9is a waveform diagram illustrating variations
of gate drive voltages, which are applied to gate lines on an
LCD panel, in accordance with a second embodiment of the
present disclosure.

[0127] Referring to FIGS. 8 and 9, the LCD device with the
discharge circuits according to a second embodiment of the
present disclosure enables not only each gate line GL1~GLn
to be charged with the high gate voltage VGH during the
period of two horizontal synchronous cycles, and then the
voltage charged in each gate line to be discharged to the low
gate voltage VGL. The high gate voltages VGH on the two
gate lines adjacent to each other overlap with each other by
the period of a single horizontal synchronous cycle. However,
the high gate voltages VGH on the gate lines connected to the
same gate driver 240a or 2405 do not overlap with one
another in time. The data voltages “d” are applied the pixels
during a single horizontal synchronous period of the overlap
period between the high gate voltages VGH on the gate lines
GL1~GLn.

[0128] Particularly, as shown in the drawings, when the
voltage on each gate line is discharged, the low gate voltage
VGL is applied to both end of the respective gate line. As
such, the voltage on each gate line falls into the low gate
voltage VGL with having a sharp falling edge “F”.

[0129] As shown in FIG. 8, the second embodiment allows
the first right discharge transistor TR1 connected with the first
gate line GL1 to be turned-on by the carry signal CS gener-
ated in the second left stage STL.2 which is connected to the
third gate line GL3. As such, the voltage on the first gate line
GL1 promptly transitions from the high gate voltage VGH to
the low gate voltage VGL without any delay. Meanwhile, if
the first right discharge transistor TR1 is turned-on by the
high gate voltage VGH being applied to the third gate line
GL3, as illustrated by dotted lines “Y™, a delay problem is
generated when the voltage on the first gate line GL1 transi-
tions from the high gate voltage VGH to the low gate voltage
VGL.

[0130] Moreover, as seen from FI1G. 9, it is evident that the
anterior portions of the carry signals used to control the dis-
charge circuits (i.e., the left and right discharge transistors),
which are arranged adjacently to the first and second gate
drivers 240a and 2405, each have a very ideal transition from
the low gate voltage VGL to the high gate voltage VGH,
unlike that of the gate drive voltage.

[0131] In accordance therewith, the discharge transistors
connected with the respective gate lines GL1~GLn can be
rapidly turned-on/off by the carry signals applied from the
respective stages. Therefore, the high gate voltage VGH
charged in each gate line can be promptly discharged without
any delay.

[0132] The LCD device according to embodiments of the
present disclosure disposes discharge circuits on gate line and
rapidly discharges a gate drive voltage charged in each gate
line. As such, enhance image quality can be enhanced.
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[0133] Also, the LCD device according to embodiments of
the present disclosure enables a gate drive voltage and a carry
signal for controlling a discharge circuit disposed on an ante-
rior gate line to be independently output from each stage
within a gate driver. In accordance therewith, a discharge
delay of the gate drive voltage can be prevented.

[0134] Moreover, LCD device according to embodiments
of the present disclosure provides a dual GIP mode LCD
panel with two gate drivers configured to perform for gate
drive voltages an alternate output instead of a simultaneous
output. Therefore, the number of stages can decrease, and
furthermore the occupying area of a gate driver can be
reduced.

[0135] Although the present disclosure has been limitedly
explained regarding only the embodiments described above,
it should be understood by the ordinary skilled person in the
art that the present disclosure is not limited to these embodi-
ments, but rather that various changes or modifications
thereof are possible without departing from the spirit of the
present disclosure. Accordingly, the scope of the present dis-
closure shall be determined only by the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel in which n gate lines are
formed, the n being a natural number;

a timing controller configured to generate first to sixth
clock signals using timing control signals applied from
an external system;

a first gate driver configured to apply a high gate voltage to
one ends of the (2k-1)th gate lines in response to the
first, third and fifth clock signals, the “k” being a natural
number smaller than the “n”;

a second gate driver configured to apply the high gate
voltage to one ends of the (2k)th gate lines in response to
the second, fourth and sixth clock signals;

left discharge circuits each configured to apply a low gate
voltage to the other end of the (2k-1)th gate line accord-
ing to a voltage level on (2k+1)th gate line; and

right discharge circuits each configured to apply the low
gate voltage to the other end of the (2k)th gate line
according to the voltage level on (2k+2)th gate line,

wherein the first gate driver includes a plurality of left
stages which each include a gate output terminal used to
output the high gate voltage and a carry output terminal
used to control the respective left discharge circuit, and
the second gate driver includes a plurality of right stages
which each include another gate output terminal used to
output the high gate voltage and another carry output
terminal used configured to control the respective right
discharge circuit.

2. The liquid crystal display device of claim 1, wherein the
first through sixth clock signals include high intervals which
each correspond to three horizontal synchronous cycles and
overlap with one another by a period of two horizontal syn-
chronous cycles.

3. The liquid crystal display device of claim 1, wherein the
left stages of the first gate driver and the right stages of the
second gate driver each include a gate output portion config-
ured to output the high gate voltage and a carry output portion
configured to output a carry signal for controlling one of the
left and right discharge circuits.
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4. The liquid crystal display device of claim 3, wherein the
first gate driver further includes at least one left dummy stage
connected the at least one left discharge circuit.

5. The liquid crystal display device of claim 3, wherein the
left discharge circuits each include a transistor which
includes:

a first electrode connected to the (2k-1)th gate line;

asecond electrode configured to receive the gate low volt-
age; and

a gate electrode connected to a carry signal output terminal
of a left stage which is connected to the (2k+1)th gate
line.

6. The liquid crystal display device of claim 3, wherein the
gate output portion is connected parallel to the carry output
portion and includes a first pull-up transistor and a pull-down
transistor, and the carry output portion includes a second
pull-up transistor and a second pull-down transistor.

7. The liquid crystal display device of claim 3, wherein the
second gate driver further includes at least one right dummy
stage connected the at least one right discharge circuit.

8. The liquid crystal display device of claim 6, wherein the
right discharge circuits each include a transistor which
includes:

a first electrode connected to the (2n)th gate line;

asecond electrode configured to receive the gate low volt-
age; and

a gate electrode connected to the carry output terminal of
the right stage which is connected to the (2k+2)th gate
line.

9. The liquid crystal display device of claim 1, wherein the
first and second gate driver are disposed in a non-display area
of the liquid crystal display panel.

10. A liquid crystal display device comprising:

a liquid crystal display panel in which a plurality of gate

lines are formed;

a controller configured to generate at least four clock sig-
nals with difference phases;

a first gate driver configured to apply a high gate voltage to
odd-numbered gate lines in response to at least two of
the clock signals from the controller;

a second gate driver configured to apply the high gate
voltage to even-numbered gate lines in response to the
others of the clock signals from the controller;

primary discharge circuits each configured to apply a low
gate voltage to the respective odd numbered gate line in
response to a carry signal opposite to a voltage level on
one of posterior odd-and-even-numbered gate lines; and

secondary discharge circuits each configured to apply the
low gate voltage to the respective even-numbered gate
line in response to the carry signal opposite to the volt-
age level on the other one of the posterior odd-and-even-
numbered gate lines,

wherein the first gate driver includes a plurality of primary
stages which each include a gate output portion used to
output the high gate voltage to the respective odd-num-
bered gate line and a carry output portion used to output
the carry signal to the discharge circuit connected to one
of anterior odd-and-even-numbered gate lines, and the
second gate driver includes a plurality of secondary
stages which each include another gate output portion
used to output the high gate voltage to the respective
even-numbered gate line and another carry output por-
tion used to output the carry signal to the discharge
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circuit connected to the other one of the anterior odd-
and-even-numbered gate lines.

11. The liquid crystal display device of claim 10, wherein
the at least fourth clock signals include first through sixth
clock signals which have high intervals which each corre-
spond to three horizontal synchronous cycles and overlap
with one another by a period of two horizontal synchronous
cycles.

12. The liquid crystal display device of claim 11, wherein
the first gate driver receives the first, third and fifth clock
signals from the controller, and the second gate driver
receives the second, fourth and sixth clock signals from the
controller.

13. The liquid crystal display device of claim 12, wherein
the carry output portions within the first gate driver each apply
the carry signal to the secondary discharge circuit connected
to the anterior third gate line, and the carry output portions
within the second gate driver each apply the carry signal to the
primary discharge circuit connected to the anterior third gate
line.

14. The liquid crystal display device of claim 13, wherein
the first gate driver further includes two primary stages which
are connected to the posterior two of the secondary discharge
circuits, respectively, and the second gate driver further
includes a secondary stage connected to the last one of the
primary discharge circuits.

15. The liquid crystal display device of claim 13, wherein
the primary and secondary discharge circuits each include a
transistor which includes:

a first electrode connected to the respective gate line;

a second electrode configured to receive the gate low volt-
age; and

a gateelectrode connected to the carry output portion oppo-
site to the posterior third gate line.

16. The liquid crystal display device of claim 10, wherein
the at least fourth clock signals include first through fourth
clock signals which have, high intervals which each corre-
spond to two horizontal synchronous cycles and overlap with
one another by a period of a single horizontal synchronous
cycle.

17. The liquid crystal display device of claim 16, wherein
the first gate driver receives the first and third clock signals
from the controller, and the second gate driver receives the
second and fourth clock signals from the controller.

18. The liquid crystal display device of claim 17, wherein
the carry output portions within the first gate driver each apply
the carry signal to the primary discharge circuit connected to
the anterior second gate line, and the carry output portions
within the second gate driver each apply the carry signal to the
secondary discharge circuit connected to the anterior second
gate line.

19. The liquid crystal display device of claim 18, wherein
the first gate driver further includes a primary dummy stage
connected to the last one of the primary discharge circuits,
and the second gate driver further includes a secondary stage
connected to the last one of the secondary discharge circuits.

20. The liquid crystal display device of claim 18, wherein
the primary and secondary discharge circuits each include a
transistor which includes:
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a first electrode connected to the respective gate line;

asecond electrode configured to receive the gate low volt-
age; and

agate electrode connected to the carry output portion oppo-
site to the posterior second gate line.

® 0% % % %
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