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LIQUID CYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play (LCD) device and a method for driving the same, and
more particularly, to an LCD device that can remove residual
images from a screen by rapidly discharging a low gate volt-
age applied to a gate line and a method for driving the same.
[0003] 2. Discussion of the Related Art

[0004] Generally, LCD devices display images by control-
ling light transmittance through liquid crystals by controlling
the electric field in the liquid crystal cells. The LCD device
includes an LCD panel that is provided with liquid crystal
cells arranged in a matrix configuration and a driving circuit
that drives the LCD panel. The LCD panel includes a thin film
transistor (TFT) that is formed adjacent to each crossing of
gate and data lines and a pixel electrode that is connected to
the TFT. The TFT includes a gate electrode that is connected
to any one of the gate lines by each horizontal pixel-line and
asource electrode that is connected to any one of the data lines
by each vertical pixel-line. The TFT supplies a data signal
from the data line to the pixel in response to a gate driving
pulse of the gate line.

[0005] The pixel has a pixel electrode that is connected to a
drain electrode of the TFT, a common electrode that faces the
pixel electrode, and a liquid crystal layer disposed therebe-
tween. The pixel drives the liquid crystal in response to the
data signal supplied to the pixel electrode, thereby controlling
the light transmittance. Hereinafter, a related art LCD device
will be explained with reference to the accompanying draw-
ings.

[0006] FIG. 1 is a circuit diagram illustrating one pixel of
an LCD device according to the related art. As shown in FIG.
1, each pixel of the LCD device is defined by a gate line (GL)
and a data line (DL) that are formed perpendicularly. Each
pixel includes a TFT and a pixel electrode. In particular, the
TFT is formed adjacent to each crossing of the gate and data
lines (GL, DL). Also, the TFT includes a gate terminal con-
nected to the gate line (GL), a source terminal connected to
the data line (DL), and a drain terminal connected to the pixel
electrode 160.

[0007] The LCD device includes first and second glass
substrates being bonded to each other and a liquid crystal
layer formed between the two glass substrates. FIG. 1 shows
one pixel formed on the first substrate of a TFT array sub-
strate. Although not shown, the second substrate includes an
R/G/B color filter layer that represents various colors and a
common electrode 150 that displays images. The pixel elec-
trode 160 is provided facing the common electrode 150. A
liquid crystal layer is disposed between the pixel electrode
160 and the common electrode 150. Based on the intensity of
the electric field between the pixel electrode 160 and the
common electrode 150, the light transmittance through the
liquid crystal can be controlled.

[0008] A storage capacitor (Clc) is formed by the common
electrode 150, the pixel electrode 160, and the liquid crystal
layer. The common electrode 150 functions as a first electrode
of the storage capacitor (Clc). The pixel electrode 160 func-
tions as a second electrode of the storage capacitor (Clc). The
liquid crystal layer functions as a dielectric of the storage
capacitor (Clc). Each pixel electrode 150 partially overlaps
with the gate line (GL) to drive the adjacent pixel. An insu-
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lator is provided between the pixel electrode 160 and the gate
line (GL). The overlapping portion between the gate line (GL)
and the pixel electrode 160 functions as an auxiliary storage
capacitor (Cst). A predetermined portion of the pixel elec-
trode 160 functions as a first electrode of the auxiliary storage
capacitor (Cst). A predetermined portion of the gate line (GL)
functions as a second electrode of the auxiliary storage
capacitor. The insulator functions as a dielectric of the auxil-
iary storage capacitor. Each pixel electrode 160 overlaps with
the gate line (GL) of the adjacent pixel, which is referred to as
a previous gate structure.

[0009] An operation of the above-mentioned pixel will be
explained as follows. First, the TFT is turned-on when a high
gate voltage is applied to the gate line (GL). Once the TFT is
turned-on, a data voltage of the data line (DL) is supplied to
the pixel electrode 160. Accordingly, the storage capacitor
(Cle) is charged with a predetermined voltage, i.e., a voltage
corresponding to the difference between the data voltage
applied to the pixel electrode 160 and the voltage applied to
the common electrode 150.

[0010] On the other hand, the TFT is turned-off when a low
gate voltage is applied to the gate line (GL). When the TFT is
turned-off, the storage capacitor (Clc) is not being charged.
However, the voltage of the storage capacitor (Clc) maintains
the previous voltage. Accordingly, the gray scale of the frame
is maintained. However, within a predetermined time after the
TFT is turned-off, a voltage drop occurs between both termi-
nals of the storage capacitor due to leakage of current. Since
the auxiliary storage capacitor (Cst) is also charged, this
predetermined time is determined by the natural exponential
decay rate of the auxiliary storage capacitor (Cst). In other
words, the voltage drop is not rapid.

[0011] FIG. 2 is a graph of illustrating the voltage-current
properties of a TFT according to the related art. As shown in
FIG. 2, when the high gate voltage (VGH) is applied to the
gate terminal of the TFT, the TFT is in the on-current (Ion)
state. In this state, the voltage of the source terminal is applied
to the storage capacitor (Clc). When the low gate voltage
(VGL) is applied to the gate terminal of the TFT, the TFT is in
the off-current (Ioff) state. In this state, the electric charges of
the storage capacitor (Clc), which were charged when the
high gate voltage (VGH) was applied to the gate terminal, are
not discharged to the outside.

[0012] However, the related art LCD device has the follow-
ing disadvantages when the source voltage is blocked after
the driving the related art LCD device. Just before blocking
the source voltage of the LCD device, a low gate voltage
(VGL) is applied to most of gate lines (GL). In other words, a
high gate voltage (VGH) is applied to only one gate line that
is selected and a low gate voltage (VGL) is supplied to other
gate lines except for the one selected. Therefore, the low gate
voltage (Voff) is applied to the gate terminals provided in
most of the TFTs. For LCD devices according to the related
art, the auxiliary storage capacitor (Cst) is charged with the
low gate voltage (VGL). Accordingly, until discharging the
low gate voltage (VGL) from the auxiliary storage capacitor
(Cst) to reach a ground voltage, a low gate voltage (VGL) is
applied to the gate terminal of the TFT. Accordingly, it is
impossible to make the prompt response of removing the
displayed image. In other words, since the auxiliary storage
capacitor (Cst) is maintained with the low gate voltage
(VGL), it is difficult to promptly discharge the auxiliary stor-
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age capacitor. For this reason, the related art LCD device
using the previous gate structure has the residual image after
the source voltage is blocked.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
liquid crystal display device and a method of driving the same
that substantially obviates one or more problems due to limi-
tations and disadvantages of the related art.

[0014] An object of the present invention is to provide an
LCD device and a method for driving the same, in which a low
gate voltage applied to a gate line rapidly discharges to a
ground voltage by applying a high gate voltage to the gate
line, thereby removing residual images from the screen.
[0015] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0016] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, the liquid crystal display device
includes an LCD panel provided with a plurality of pixels,
wherein the pixels are defined by a plurality of gate and data
lines formed perpendicularly, an auxiliary storage capacitor
formed in each of the pixels, a gate driver to drive the gate
lines in sequence by supplying a scan pulse voltage to the gate
lines of the LCD panel, wherein the scan pulse voltage is
comprised of a high gate voltage and a low gate voltage, and
a discharger to supply a pulse voltage to the gate line in
response to a source voltage for operating the LCD panel,
wherein the discharger enables the auxiliary storage capacitor
to be discharged to the ground voltage as the voltage of the
gate line approaches the ground voltage.

[0017] In another aspect, a method for driving an LCD
device including an LCD panel comprises discharging an
auxiliary storage capacitor by supplying a pulse voltage to a
gate line in response to a source voltage for operating the
LCD panel so that the auxiliary storage capacitor is dis-
charged to the ground voltage, wherein the discharge is faster
than a natural exponential decay rate of the auxiliary storage
capacitor.

[0018] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0020] FIG. 1 is a circuit diagram illustrating one pixel of
an LCD device according to the related art;

[0021] FIG. 2 is a graph of illustrating the voltage-current
properties of a TFT according to the related art;

[0022] FIG. 3 is a diagram illustrating an LCD device
according to an exemplary embodiment of the present inven-
tion;
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[0023] FIG. 4 is a diagram illustrating a transmission pass
of source voltage in FIG. 3;

[0024] FIG. 5 is a diagram illustrating a first exemplary
embodiment of the discharger according to the present inven-
tion;

[0025] FIG. 6 shows a point of time in which each of a
source voltage, a high gate voltage, and a low gate voltage
falls to a ground voltage;

[0026] FIG. 7 shows the principle of reducing a residual
image when an LCD device is turned-off; and

[0027] FIG. 8 is a diagram illustrating a second exemplary
embodiment of the discharger according to the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0029] Hereinafter, an LCD device according to the present
invention will be described with reference to the accompany-
ing drawings.

[0030] FIG. 3 is a diagram illustrating an LCD device
according to an exemplary embodiment of the present inven-
tion. FIG. 4 is a diagram illustrating a transmission pass of
source voltage in FIG. 3. As shown in FIG. 3, the LCD device
according to the exemplary embodiment of the present inven-
tion includes an LCD panel 217, a data driver 213, a gate
driver 214, a timing controller 212, a DC-DC converter 216,
and a discharger 215. In detail, the LCD panel 217 includes
‘m*n’ pixels that are arranged in a matrix configuration and
are defined by ‘m’ data lines (DL) and ‘n’ gate lines (GL)
formed perpendicularly and a TFT that is formed adjacent to
each crossing of the gate and data lines. Also, the data driver
213 supplies a data voltage to the data line (DL) of the LCD
panel 217. The gate driver 214 supplies a scan pulse voltage,
which includes a low gate voltage VGL and a high gate
voltage VGH, to the gate line (GL). Then, the timing control-
ler 212 controls the data driver 213 and the gate driver 214 by
using a synchronized signal of an interface circuit 211. The
DC-DC converter 216 receives a source voltage (VCC) from
a system 210 and generates voltages supplied to the LCD
panel 217. The discharger 215 determines the turning-on/off
state of the LCD device by sensing whether the system 210
outputs the source voltage (VCC) or not and supplies a pulse
voltage to the gate line (GL), wherein the pulse voltage is
higher than the low gate voltage (VGL) applied to the gate
line (GL), to make the gate line (GL) discharge to the ground
voltage (GND).

[0031] The system 210 supplies vertically/horizontally
synchronized signals, a clock signal, and data (RGB) to the
interface circuit 211 through an LVDS (Low Voltage Differ-
ential Signaling) transmitter of a graphic controller. The sys-
tem 210 also supplies the source voltage (VCC) of 3.3V
generated from a power source to the interface circuit 211,
timing controller 212, data driver 213, gate driver 214, dis-
charger 215, and the DC-DC converter 216.

[0032] Each pixel of the LCD panel 217 is defined by the
gate and data lines (GL, DL) that are formed perpendicularly.
Each pixel includes the TFT and a pixel electrode 260. The
TFT is formed adjacent to each crossing of the gate and data
lines (GL, DL). The TFT includes a gate terminal connected
to the gate line (GL), a source terminal connected to the data
line (DL), and a drain terminal connected to the pixel elec-
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trode 260. The LCD panel 217 includes first and second glass
substrates that are bonded to each other and a liquid crystal
layer formed between the two glass substrates. FIG. 3 shows
the first substrate corresponding to a TFT array substrate.
[0033] Although not shown, the second substrate is pro-
vided opposite to the first substrate. The second substrate
includes an R/G/B color filter layer that represents various
colors and a common electrode 250 that represents images.
The pixel electrode 260 of the first substrate faces the com-
mon electrode 250, and a liquid crystal layer is disposed
therebetween. By controlling the intensity of the electric field
between the pixel electrode 260 and the common electrode
250, it is possible to control the light transmittance of liquid
crystal.

[0034] The pixel also includes a storage capacitor (Clc)
including the common electrode 250, the pixel electrode 260,
and the liquid crystal layer (not shown). The common elec-
trode 250 functions as a first electrode of the storage capacitor
(Cle). The pixel electrode 260 functions as a second electrode
of the storage capacitor (Clc). The liquid crystal layer func-
tions as a dielectric of the storage capacitor (Clc).

[0035] Also, each pixel electrode 250 partially overlaps
with the gate line (GL) to drive the adjacent pixel. An insu-
lator is provided between the pixel electrode 260 and the gate
line (GL). The overlapping portion between the gate line (GL)
and the pixel electrode 260 functions as an auxiliary storage
capacitor (Cst).

[0036] A predetermined portion of the pixel electrode 260
functions as a first electrode of the auxiliary storage capacitor
(Cst). Also, a predetermined portion of the gate line (GL)
functions as a second electrode of the auxiliary storage
capacitor (Cst). The insulator functions as a dielectric of the
auxiliary storage capacitor (Cst). Each pixel electrode 260
overlaps with the gate line (GL) of the adjacent pixel.
[0037] The data driver 213 converts the digital video data
(RGB) to an analog gamma voltage of a corresponding gray
scale in response to a data control signal (DDC) outputted
from the timing controller 212. Then, the data driver 213
supplies the analog gamma voltage to the data line (DL).
Also, the source voltage (VCC) is supplied to a data driving
IC on which the data driver 213 is mounted.

[0038] The gate driver 214 sequentially supplies a scan
pulse voltage to the gate line (GL) in response to a gate control
signal (GDC) outputted from the timing controller 212. Then,
the gate driver 214 selects a corresponding horizontal line of
the LCD panel 217 supplied with the data voltage. Also, the
source voltage (VCC) is supplied to a gate driving IC on
which the gate driver 214 is mounted.

[0039] The timing controller 212 generates the gate control
signal (GDC) and the data control signal (DDC) by using the
vertically/horizontally synchronized signals and the clock
signal outputted from the graphic controller of the system 210
through the interface circuit 211.

[0040] The DC-DC converter 216 raises or lowers the
source voltage (VCC) outputted from the system 210 through
a connector (not shown), and supplies the raised or lowered
source voltage (VCC) to the LCD panel 217. The DC-DC
converter 216 includes an output switching element that
switches an output voltage for an output terminal. The DC-
DC converter 216 further includes a pulse frequency modu-
lator (PFM) or pulse width modulator (PWM) that raises or
lowers the output voltage by controlling a frequency of a duty
ratio of a control signal of the output switching element. The
pulse width modulator (PWM) raises the output voltage of the
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DC-DC converter 216 by increasing the duty ratio of the
control signal of the output switching element, or lowers the
output voltage of the DC-DC converter 216 by decreasing the
duty ratio of the control signal of the output switching ele-
ment. Also, the pulse frequency modulator (PFM) raises the
output voltage of the DC-DC converter 216 by increasing the
frequency of the control signal of the output switching ele-
ment, or lowers the output voltage of the DC-DC converter
215 by decreasing the frequency of the control signal of the
output switching element.

[0041] The output voltage of the DC-DC converter 216
corresponds to a reference voltage (VDD), which is a voltage
above 6V, gamma reference voltages (GMA1~10) of 10 lev-
els or less, a common voltage (VCOM) of 2.5~3.3V, a high
gate voltage (VGH) of above 15V, and a low gate voltage
(VGL) of below -4V. The gamma reference voltages
(GMA1-~10) are generated by dividing the reference voltage
(VDD).

[0042] The reference voltage (VDD) and the gamma refer-
ence voltages (GMA1~10) are supplied to the data driver
213, wherein the reference voltage (VDD) and the gamma
reference voltages (GMA1~10) correspond to the analog
gamma voltages. The common voltage (VCOM) is supplied
to the common electrode 250 of the LCD panel 217 through
the data driver 213. The high gate voltage (VGH) is supplied
to the gate driver 214. The high gate voltage (VGH) is a high
logic voltage of a scan pulse voltage that is set above a
threshold voltage of the TFT. The low gate voltage (VGL) is
supplied to the gate driver 214. The low gate voltage (VGL) is
a low logic voltage of a scan pulse voltage that is set by a
turn-off voltage of the TFT. Also, the high gate voltage (VGH)
and low gate voltage (VGL) outputted from the DC-DC con-
verter 216 are supplied to the discharger 215.

[0043] The discharger 215 will be explained in detail. FIG.
5isadiagram illustrating a first exemplary embodiment of the
discharger according to the present invention. The discharger
215 includes an inverter 222 that outputs the high gate voltage
(VGH) or low gate voltage (VGL) based on the intensity of
the source voltage (VCC) and a first NMOS transistor (Tr501)
that is turned-on in response to the high gate voltage (VGH)
outputted from the inverter 222, to thereby apply the high gate
voltage (VGH) to the gate line (GL).

[0044] The inverter 222 includes a PMOS transistor
(Tr502) and a second NMOS transistor (1r503). In detail, the
PMOS transistor (Tr502) includes a gate terminal having the
source voltage (VCC) applied thereto and a source terminal to
which the high gate voltage (VGH) outputted from the DC-
DC converter 216 is applied. The second NMOS transistor
(Tr503) includes a gate terminal connected to the gate termi-
nal of the PMOS transistor (Tr502), a source terminal con-
nected to the drain terminal of the PMOS transistor (1r502),
and a drain terminal to which the low gate voltage (VGL)
outputted from the DC-DC converter 216 is applied.

[0045] The first NMOS transistor (Tr501) includes a gate
terminal to which the high gate voltage (VGH) outputted
from the drain terminal of the PMOS transistor 502 or the low
gate voltage (VGL) outputted from the drain terminal of the
second NMOS transistor (Tr503) is applied, a source terminal
to which the high gate voltage (VGH) outputted from the
DC-DC converter 216 is applied, and a drain terminal con-
nected to the gate line (GL).

[0046] The scan pulse voltage outputted from the gate
driver 214 is applied to the gate line (GL), wherein the scan
pulse voltage is comprised of the high gate voltage (VGH)
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and the low gate voltage (VGL). As the high gate voltage
(VGH) and the low gate voltage (VGL) are applied to the gate
driver 214, the gate driver 216 selects the corresponding gate
line (GL) in response to the control signal outputted from the
timing controller 212, and outputs the high gate voltage
(VGH) to the selected gate line (GL), thereby driving the
selected gate line (GL). Then, the gate driver 214 supplies the
low gate voltage (VGL) to the other gate lines (GL) except the
one selected (GL). In particular, the gate driver 214 selects the
gate lines (GL) in sequence, and supplies the high gate volt-
age (VGH) to the selected gate line (GL). Accordingly, the
high gate voltage (VGH) is supplied to each gate line (GL) in
sequence. As mentioned above, the low gate voltage (VGL) is
supplied to the other gate lines (GL) except the selected gate
line (GL) having the high gate voltage (VGH) applied thereto.
[0047] A driving method of the LCD device according to
the preferred embodiment of the present invention will be
explained as follows. First, if a user pushes a power switch
(for example, a display device or monitor), the LCD device is
turned-on. Thus, the source voltage (VCC) having the prede-
termined value is applied to the DC-DC converter 216 and the
discharger 215 from the system 210. Generally, the source
voltage (VCC) corresponds to 3.3V.

[0048] Then, the DC-DC converter 216 raises or lowers the
source voltage (VCC) to output the driving voltage including
the high gate voltage (VGH) and the low gate voltage (VGL).
In particular, the high gate voltage (VGH) and the low gate
voltage (VGL) are outputted from the DC-DC converter 216,
and are inputted to the gate driver 214 and the discharger 215.
[0049] The gate driver 214 generates the scan pulse voltage
by switching the high gate voltage (VGH) and the low gate
voltage (VGL) through the use of PWM, and sequentially
supplies the scan pulse voltage to the gate lines (GL) to drive
the gate lines (GL) in sequence. In other words, the gate driver
214 supplies the high gate voltage (VGH) to the gate lines
(GL) in sequence. However, the high gate voltage (VGH) is
supplied to one selected gate line, and the low gate voltage is
supplied to the other gate lines except the selected one.
Accordingly, only one gate line (CL) is driven at a time.
[0050] The image is displayed on the pixels for one hori-
zontal line that are arranged along the gate line (GL) to which
the high gate voltage (VGH) is applied. As the source voltage
(VCCQ) is applied to the discharger 215 from the system 210,
the discharger 215 is operated as follows. When the LCD
device is turned-on, the source voltage (VCC) having the
predetermined value is applied to the discharger 215. The
source voltage (VCC) is applied to the gate terminal of the
PMOS transistor (Tr502) and the gate terminal of the second
NMOS transistor (Tr503) at the same time.

[0051] Then, the PMOS transistor 502 is turned-off in
response to the intensity of the source voltage (VCC) having
a predetermined voltage of the positive polarity. Meanwhile,
the second NMOS transistor (Tr503) is turned-on in response
to the source voltage (VCC) having a predetermined voltage
ofthe positive polarity. The low gate voltage (VGL) is applied
to the gate terminal of the first NMOS transistor (Tr501)
through the source and drain terminals of the second NMOS
transistor (Tr503) that is turned-on. Here, the low gate voltage
(VGL) is the negative polarity. Accordingly, the first NMOS
transistor (Tr501) is turned-off.

[0052] If the LCD device is turned-on, the image is dis-
played on the LCD panel 217. In this case, the discharger 215
doesn’tapply the voltage to the gate lines (GL). That is, on the
normal driving state of displaying the image in the LCD panel
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217, the voltage is not supplied to the gate line (GL), whereby
the LCD device is normally driven. This is because the first
NMOS transistor (Tr501) provided in the discharger 215 is
turned-off.

[0053] If the user turns off the LCD device by pushing the
power button again, the LCD device is operated as follows.
FIG. 6 shows a point of time in which each of a source
voltage, a high gate voltage, and a low gate voltage falls to a
ground voltage. FIG. 7 shows the principle of reducing the
residual images when the LCD device is turned-off. If the user
pushes the power button in state of driving the LCD device
normally, the system 210 blocks the supply of source voltage
(VCC). Eventually, the source voltage (VCC) falls to the
ground voltage of OV, whereby the LCD device is turned-off.
[0054] Withno source voltage (VCC), the high gate voltage
(VGH) or the low gate voltage (VGL) generated by raising or
lowering the source voltage (VCC) falls to the ground voltage
of OV. As shown in FIG. 6, the source voltage first falls to OV,
the low gate voltage (VGL) second falls to 0V, and the high
gate voltage third falls to OV in sequence.

[0055] Atthe point of time where the source voltage (VCC)
falls to OV, the low gate voltage (VGL) is applied to the other
gate lines (GL) except one selected gate line (GL) of the LCD
panel 217. Accordingly, at the point of time where the source
voltage (VCC) falls to OV, the auxiliary storage capacitors
(Cst) of all pixels except one pixel having the selected gate
line are charged with the low gate voltage (VGL). The low
gate voltage (VGL) is slowly discharged due to the leakage
current of the TFT provided in each pixel, whereby there is
the problem of the increase of discharging time.

[0056] However, in the present invention, the discharger
215 starts to operate when the LCD device is turned-off.
Therefore, the low gate voltage (VGL) is discharged from the
gate line (GL) rapidly. When a source voltage (VCC) of OV is
applied to the gate terminal of the PMOS transistor (Tr502)
and the gate terminal of the second NMOS transistor (1r503),
the second NMOS transistor (Tr503) is turned-off whereas
the PMOS transistor (Tr502) is turned-on. Then, the high gate
voltage (VGH) is applied to the gate terminal of the first
NMOS transistor (Tr501) through the drain and source ter-
minals of the PMOS transistor 502 that is turned-on. Accord-
ingly, the first NMOS transistor (1r501) is turned-on. There-
after, the high gate voltage (VGH) is applied to the gate line
(GL) through the drain and source terminals of the first
NMOS transistor (1r501).

[0057] After the source voltage (VCC) falls to OV, the high
gate voltage (VGH) is maintained as the predetermined value
for a preset period of time, and then the high gate voltage
(VGH) falls to OV. Accordingly, the high gate voltage (VGH)
applied to the gate line (GL) is maintained to a predetermined
value (15V) for the preset period of time.

[0058] Atthe point of time where the LCD device is turned-
off, the high gate voltage (VGH) applied to the gate line (GL),
which corresponds to the high gate voltage (VGH) outputted
from the source terminal of the first NMOS transistor (Tr501),
is the pulse voltage having the predetermined amplitude and
the predetermined pulse width.

[0059] Theamplitude of the pulse voltage is the same as the
amplitude of the high gate voltage (VGH). As shown in FIG.
6, the pulse width of the pulse voltage corresponds to a period
(T0) between the point where the source voltage (VCC)
approaches the ground voltage (GND, 0V) and the point
where the high gate voltage (VGH) approaches the ground
voltage (GND, 0V).
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[0060] As aresult, the pulse voltage applied to the gate line
(GL) at the point where the LCD device is turned-off corre-
sponds to the voltage that has the same amplitude as that of the
high gate voltage (VGH) and is maintained during the period
(T0) corresponding to the pulse width.

[0061] As shownin FIG. 7, when the source voltage (VCC)
falls to OV, the voltage of the gate line (GL) momentarily rises
to the high gate voltage (VGH) from the low gate voltage
(VGL) due to the high gate voltage (VGH). Thereafter, the
high gate voltage (VGH) falls to OV in synchronization with
the falling time, whereby the voltage of the gate line (GL)
becomes OV in a short period of time by the present invention
using the discharger 215. Accordingly, the gate line (GL) is
discharged in a short period of time.

[0062] As shown in FIG. 7, for the related art, the gate line
(GL) is maintained as the ground voltage (GND) after the
corresponding period of T2. For the present invention, the
gate line (GL) is maintained as the ground voltage (GND)
after the corresponding period of T1 since the low gate volt-
age (VGL) applied to the gate line (GL) is rapidly increased to
0V due to the high gate voltage (VGH) applied by the dis-
charger 215. Preferably, the discharger 215 is provided in
each of the gate lines (GL), so that the gate lines (GL) are
rapidly and simultaneously discharged at the point of turning-
off the LCD device.

[0063] Hereinafter, an LCD device according to the second
embodiment of the present invention will be explained with
reference to the accompanying drawings. FIG. 8 is a diagram
illustrating a second exemplary embodiment of the discharger
according to the present invention. Except for the structure of
discharger, the LCD device for the second embodiment is the
same as the LCD device for the first embodiment. As shown
in FIG. 8, the discharger 815 of the LCD device according to
the second embodiment of the present invention includes an
inverter 888 that outputs a high gate voltage (VGH) or a low
gate voltage (VGL) based on an intensity of a source voltage
(VCC) and a first NMOS transistor (Tr801) that is turned-off
when a low gate voltage (VGL) is outputted from the inverter
888, and is turned-on when a high gate voltage (VGH) is
outputted from the inverter 888, to thereby apply the ground
voltage (GND) to the gate line (GL). In this case, a drain
terminal of the first NMOS transistor (Tr801) is grounded.
[0064] The inverter 888 includes a PMOS transistor
(Tr802) and a second NMOS transistor (1r803). In detail, the
PMOS transistor (Tr802) includes a gate terminal having the
source voltage (VCC) applied thereto and a source terminal
having the high gate voltage (VGH) outputted from the DC-
DC converter 216 and applied thereto. The second NMOS
transistor (Tr803) includes a gate terminal connected to the
gate terminal of the PMOS transistor (1r802), a source ter-
minal connected to the drain terminal of the PMOS transistor
(Tr802), and a drain terminal having the low gate voltage
(VGL) outputted from the DC-DC converter 216 and applied
thereto. Also, the first NMOS transistor (Tr801) includes a
gate terminal having the high gate voltage (VGH) outputted
from the drain terminal of the PMOS transistor (Tr802) and
applied thereto, or having the low gate voltage (VGL) output-
ted from the drain terminal of the second NMOS transistor
(Tr803) and applied thereto, a source terminal having the low
gate voltage outputted from the DC-DC converter 216 and
applied thereto, and a drain terminal connected to the gate line
(GL).

[0065] As mentioned above, when the LCD device is
turned-off, the discharger 815 applies the ground voltage
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(GND) of OV to each of the gate lines (GL). This ground
voltage (GND) is larger than the low gate voltage (VGL)
applied to the gate line (GL), so that the gate line (GL) is
discharged in a short period of time. Preferably, the dis-
charger 815 is provided in each of the gate lines (GL), so that
the gate lines (GL) are rapidly and simultaneously discharged
at the point of turning-off the LCD device.

[0066] As mentioned above, the LCD device and the
method for driving the same according to the present inven-
tion have the following advantages. When the LCD device is
turned-off, the pulse voltage is applied to each of the gate
lines of the LCD panel, wherein the pulse voltage is higher
than the low gate voltage charged in each of the gate lines, so
that it is possible to discharge the gate line rapidly. Accord-
ingly, it is possible to prevent the residual image from occur-
ring on the screen when turning off the LCD device.

[0067] It will be apparent to those skilled in the art that
various modifications and variations can be made in the liquid
crystal display device and method of driving the same of the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An LCD device, comprising:

an LCD panel provided with a plurality of pixels, wherein
the pixels are defined by a plurality of gate and data lines
formed perpendicularly;

an auxiliary storage capacitor formed in each of the pixels;

a gate driver to drive the gate lines in sequence by supply-
ing a scan pulse voltage to the gate lines of the LCD
panel, wherein the scan pulse voltage is comprised of a
high gate voltage and a low gate voltage; and

a discharger to supply a pulse voltage to the gate line in
response to a source voltage for operating the LCD
panel, wherein the discharger enables the auxiliary stor-
age capacitor to be discharged to the ground voltage as
the voltage of the gate line approaches the ground volt-
age.

2. The LCD device of claim 1, wherein the amplitude of the
pulse voltage outputted from the discharger is the same as the
amplitude of the high gate voltage, and the pulse width of the
pulse voltage corresponds to a temporal difference between a
time at which the source voltage approaches the ground volt-
age and a time at which the high gate voltage approaches the
ground voltage.

3. The LCD device of claim 1, wherein the discharger
includes:

an inverter that selectively outputs the low gate voltage or
the pulse voltage based on the intensity of the source
voltage; and

a first switching element that applies the pulse voltage to
the gate line according to the output of the inverter.

4. The LCD device of claim 3, wherein the inverter

includes:

a second switching element that outputs the pulse voltage
in response to the source voltage when the applied
source voltage falls to 0V, and applies the pulse voltage
to a gate terminal of the first switching element to turn on
the first switching element; and

a third switching element that outputs the low gate voltage
in response to the source voltage when the applied
source voltage is maintained as a predetermined voltage
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value, and applies the low gate voltage to the gate ter-
minal of the first switching element to turn off the first
switching element.

5.The LCD device of claim 1, wherein the amplitude of the

pulse voltage outputted from the discharger is the same as the
amplitude of the ground voltage.

6. The LCD device of claim 1, wherein the discharger

includes:

an inverter that selectively outputs the low gate voltage or
the pulse voltage based on the intensity of the source
voltage; and

a first switching element that applies the ground voltage to
the gate line based on the output of the inverter.

7. The LCD device of claim 1, further comprising:

a DC-DC converter that generates various driving voltages
including the low gate voltage and the high gate voltage
by raising or lowering the applied source voltage and
supplies the various driving voltages to the gate driver
and the discharger.

8.The LCD device of claim 1, wherein each pixel includes:

a pixel electrode and a common electrode;

a storage capacitor including the pixel electrode, the com-
mon electrode, and liquid crystal, wherein the liquid
crystal is provided between the pixel and common elec-
trodes; and

a thin film transistor to apply a data voltage of the data line
to the pixel electrode in response to the scan pulse out-
putted from the gate line.
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9. The LCD device of claim 1, wherein an auxiliary storage
capacitor includes;

a first electrode formed of a portion of the gate line;

a second electrode formed of a portion of pixel electrode
facing the portion of the gate line; and

a dielectric formed of insulator positioned between the
portion of the gate line and the portion of the pixel
electrode.

10. A method for driving an LCD device including an LCD
panel, comprising discharging an auxiliary storage capacitor
by supplying a pulse voltage to a gate line in response to a
source voltage for operating the LCD panel so that the aux-
iliary storage capacitor is discharged to the ground voltage,
wherein the discharge is faster than a natural exponential
decay rate of the auxiliary storage capacitor.

11. The method of claim 10, wherein the amplitude of the
pulse voltage is the same as the amplitude of the high gate
voltage, and the pulse width of the pulse voltage corresponds
to a temporal difference between a time at which the source
voltage approaches the ground voltage and a time at which the
high gate voltage approaches the ground voltage.

12. The method of claim 10, wherein the amplitude of the
pulse voltage is the same as the amplitude of the ground
voltage.
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