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LIQUID CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to an LCD
(Liquid Crystal Display) apparatus, and more particularly, to
an LCD apparatus having improved display characteristics.

[0003] 2. Description of the Related Art

[0004] A liquid crystal display (LCD) apparatus generally
includes two substrates, each having an electrode formed on
an inner surface thereof, and a liquid crystal layer interposed
between the two substrates. In the LCD apparatus, a voltage
is applied to the electrodes to re-align liquid crystal mol-
ecules and control an amount of light transmitted through
the liquid crystal layer, thereby obtaining desired images.

[0005] TFT-LCDs are now the most common type of
LCDs. Electrodes are formed on each of the two substrates
and thin film transistors (TFTs) are used for switching power
supplied to each electrode. The TFT is typically formed on
one side of the two substrates. Generally, an LCD apparatus
in which TFTs are respectively formed in unit pixel regions
is classified as an amorphous silicon type TFT-LCD (amor-
phous-Si TFT-LCD) and a polycrystalline silicon type TFT-
LCD (poly-Si TFI-LCD).

[0006] The poly-Si TFT-LCD apparatus has the advan-
tages of lower power consumption and lower price com-
pared with the amorphous-Si TFT-LCD apparatus but has a
drawback in that its manufacturing process is complicated.
Thus, the poly-Si TFT-LCD apparatus is mainly used in
small sized displays, such as mobile phones, and the amor-
phous-Si TFT-LCD apparatus, due to its ease of application
to a large screen and high production yield, is applied to
large sized displays such as notebook personal computers
(PC), LCD monitors, high definition (HD) televisions, etc.

[0007] Recently, much research and development efforts
have focused on methods for decreasing the number of steps
of the assembly process for an amorphous-Si TFT-LCD
apparatus, by simultaneously forming a data driving circuit
and a gate driving circuit along with a pixel array on a glass
substrate, similar to the assembly process of the poly-Si
TFT-LCD apparatus. Other areas of research focus include
methods for increasing the operational speed and resolution
of LCDs, such as by operating more signal lines of the
TFT-LCD apparatus within a certain time period.

SUMMARY OF THE INVENTION

[0008] An embodiment of the present invention provides
an LCD capable of being operated in high-speed.

[0009] Another embodiment of the present invention pro-
vides an LCD capable of preventing a gate driving signal
from being delayed.

[0010] A further embodiment of the present invention
provides an LCD capable of preventing a gate driving signal
from being delayed with a redundancy function.

[0011] In one aspect of the invention, an LCD apparatus
comprises a timing controller for outputting an image signal,
a first timing signal, a second timing signal and a clock
generating control signal in response to an external signal; a
clock generator for generating first and second clock signals
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having phases opposite to each other and controlling the first
and second clock signals during a first period so as to
determine a voltage level of a gate driving signal and a
second period so as to charge or discharge the first and
second clock signals; a gate driver for sequentially output-
ting the gate driving signal in response to the first timing
signal, the first clock signal and the second clock signal; a
data driver for outputting the image signal in response to the
second timing signal; and an LCD panel having a plurality
of data lines for receiving the image signal, a plurality of
gate lines for receiving the gate driving signal, and a
switching device connected to the data and gate lines, for
outputting the image signal in response to the gate driving
signal.

[0012] In another aspect, an LCD apparatus comprises an
LCD panel having a plurality of gate lines extended in a first
direction, a plurality of data lines extended in a second
direction perpendicular to the first direction, a switching
device having a first electrode connected to the gate lines
and a second electrode connected to the data lines and a
pixel electrode connected to a third electrode of the switch-
ing device; a gate driver connected to the gate lines for
sequentially applying a gate driving signal to the gate lines;
a data driver connected to the data lines for applying a data
driving signal to the data lines; and a discharger for dis-
charging a second gate driving signal applied to a present
gate line in response to a first gate driving signal applied to
a next gate line.

[0013] In a further aspect, an LCD apparatus comprises an
LCD panel having a plurality of gate lines extended in a first
direction, a plurality of data lines extended in a second
direction perpendicular to the first direction, a switching
device having a first electrode connected to the gate lines
and a second electrode connected to the data lines and a
pixel electrode connected to a third electrode of the switch-
ing device; a first gate driver connected to first ends of the
gate lines for sequentially applying a gate driving signal to
the gate lines; a second gate driver connected to second ends
of the gate lines for sequentially applying the gate driving
signal to the gate lines when the first gate driver is misop-
erated; a data driver connected to the data lines for applying
a data driving signal to the data lines; and a first discharger
for discharging a second gate driving signal applied to a
present gate line in response to a first gate driving signal
applied to a next gate line when the first gate driver is
operated; and a second discharger for discharging the second
gate driving signal in response to the second gate driving
signal when the second gate driver is operated.

[0014] According to an embodiment of the LCD appara-
tus, the LCD apparatus may be operated in high-speed due
to the first and second clock signals respectively having a
first period for determining the voltage level of the gate
driving signal and a second period for charging or discharg-
ing the first and second clock signals.

[0015] Also, the discharging transistor connected to first
ends of gate lines discharges a present stage before operating
a next stage, thereby preventing the gate driving signal from
being delayed.

[0016] Further, the gate lines include the first gate driver
and the second gate driver for operating the gate lines while
the first gate driver is operated in an abnormal state. Thus,
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although the first gate driver is operated abnormally, the
LCD apparatus may be operated in normal state due to the
second gate driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0018] FIG. 1 is a block diagram showing an L.CD appa-
ratus according to an embodiment of the present invention;

[0019] FIG. 2 is a block diagram showing the clock
generator shown in FIG. 1;

[0020] FIG. 3 is a timing diagram of respective elements
shown 1n FIG. 2;

[0021] FIG. 4 is a circuit diagram showing the D-flip flop
shown in FIG. 2;

[0022] FIG. 5 is atiming diagram of the D-flip flop shown
in FIG. 4;
[0023] FIG. 6 is a circuit diagram showing the first

voltage applying circuit shown in FIG. 2;

[0024] FIG. 7 is a circuit diagram showing the second
voltage applying circuit shown in FIG. 2;

[0025] FIG. 8 is a circuit diagram showing the charging/
discharging circuit shown in FIG. 2;

[0026] FIG. 9 is a waveform of first and second clock
signals from the clock generator shown in FIG. 2;

[0027] FIG. 10 is a waveform of current needed to output

the first and second clock signals from the clock generator
shown 1n FIG. 2;

[0028] FIG. 11 is an output waveform simulated at a
respective stage according to the first and second clock
signals;

[0029] FIGS. 12 and 13 are waveforms of clock gener-
ating control signals according to another embodiment of the
present invention,

[0030] FIG. 14 is a schematic view showing an LCD
apparatus according to another embodiment of the present
invention;

[0031] FIG. 15 is a schematic view showing a discharger
shown in FIG. 14;

[0032] FIG. 16 is a waveform simulated at the discharger
shown in FIG. 15;

[0033] FIG. 17 is a waveform of a gate driving signal of
the LCD apparatus shown in FIG. 14,

[0034] FIG. 18 is a waveform of a conventional gate
driving signal;
[0035] FIG. 19 is a waveform of the gate driving signal

according to an embodiment of the present invention shown
in FIG. 14;

[0036] FIGS. 20 and 21 are schematic views showing
LCD apparatuses according to other embodiments of the
present invention,
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[0037] FIG. 22 is a circuit diagram showing the first gate
driver shown in FIG. 20;

[0038] FIG. 23 is a waveform of output from the first gate
driver shown in FIG. 22;

[0039] FIG. 24 is a waveform showing output signals of
the first gate driver in the case of applying the first power
voltage to the first power voltage input terminal of the
second gate driver shown in FIG. 20; and

[0040] FIG. 25 is a waveform showing output signals of
the first gate driver in the case of applying the second power
voltage to the first and second clock input terminals of the
second gate driver shown in FIG. 20.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0041] FIG. 1 is a block diagram showing an LCD appa-
ratus according to an embodiment of the present invention.

[0042] Referring to FIG. 1, an LCD apparatus 400
includes an LCD panel 100 on which gate and data drivers
110 and 120 are disposed, a timing controller 200 for
controlling the LCD panel 100 in response to an external
signal and a clock generator 300 for generating first and
second clock signals CKV and CKVB applied to the gate
driver 110.

[0043] The timing controller 200 generates timing signals
to control the gate and data drivers 110 and 120. The timing
controller 200 applies a horizontal start signal STH to the
data driver 120 in response to an H-sync (Horizontal syn-
chronization) signal provided from an external device. The
data driver 120 converts image data provided from the
timing controller 200 into analog image data and supplies
the analog image data to data lines in response to the
horizontal start signal STH from the timing controller 200.
The timing controller 200 applies a first vertical start signal
STV to the clock generator 300 in response to a V-sync
(Vertical synchronization) signal provided from the external
device.

[0044] The timing controller 200 applies a gate clock
signal CPV for determining a period of a gate driving signal,
an enable signal OE for enabling the gate driving signal and
a charging/discharging control signal CHC for controlling
charging or discharging of the first and second clock signals
CKYV and CKVB to the clock generator 300.

[0045] The LCD panel 100 includes a plurality of gate
lines G1~Gn extended in a first direction, a plurality of data
lines D1~Dm extended in a second direction perpendicular
to the first direction, a TFT 130 connected to the gate lines
G1~Gn and data lines D1~Dm and a pixel electrode 140
connected to the TFT 130.

[0046] The LCD panel 100 includes the gate driver 110 for
sequentially applying the gate driving signal to the gate lines
G1~Gn and the data driver 120 for applying the data signal
to the data lines D1~Dm. The LCD panel 100 further
includes a TFT substrate, a color filter substrate and a liquid
crystal interposed between the TFT substrate and the color
filter substrate. The gate lines G1~Gn, the data lines
D1~Dm, the TFT 130 and the pixel electrode 140 are
disposed on the TFT substrate.

[0047] The data driver 120 generates a data signal applied
to respective pixels of the LCD panel 100 in response to the
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horizontal start signal STH. The data signal generated from
the data driver 120 is a charging voltage for charging the
respective pixels.

[0048] The gate driver 110 includes a shifter register in
which plural stages are connected one after another to each
other and the gate lines G1~Gn are connected to the plural
stages, respectively. Therefore, the plural stages sequentially
output the gate driving signal to the gate lines G1~Gn. That
is, the gate driver 110 sequentially applies the gate driving
signal having a high level period to the gate lines G1~Gn to
control the data signal applied to respective pixels in
response to a second vertical start signal STVB having a
phase opposite to that of the first vertical start signal STV.
The gate driving signal has a voltage level sufficient to drive
the TFT 130 connected to the gate lines G1~Gn. When the
TFT 130 is operated in response to the gate driving signal,
the data signal is applied to the pixel electrode 140 through
the TFT 130 to charge the liquid crystal layer.

[0049] The clock generator 300 outputs the first clock
signal CKV and the second clock signal CKVB having a
phase opposite to that of the first clock signal CKV in
response to the gate clock signal CPV and the enable signal
OE. The first clock signal CKV is applied to odd-numbered
stages of the gate driver 110 and the second clock signal
CKVB is applied to even-numbered stages of the gate driver
110.

[0050] The clock generator 300 includes first and second
voltage applying circuits (not shown) and a charging/dis-
charging circuit (not shown). The first and second voltage
applying circuits generate the first and second clock signals
CKV and CKVB having a predetermined voltage so as to
determine a level of the gate driving signal in response to the
gate clock signal CPV, the enable signal OE and the first
vertical start signal STV. The charging/discharging circuit
controls the first and second clock signals CKV and CKVB
to be charged or discharged in response to the gate clock
signal CPV and the charging/discharging signal CHC. The
clock generator 300 outputs the second vertical start signal
STVB to the gate driver 110 to sequentially apply the first
vertical start signal STV from the gate driver 110 to the gate
lines G1~Gn.

[0051] Accordingly, the first and second clock signals
CKYV and CKVB have a predetermined voltage during a first
period and is charged or discharged during a second period.
By controlling the first and second clock signals CKV and
CKVB, a pulse width of the gate driving signal is reduced,
so that the gate driver 110 may be operated in high-speed.

[0052] Also, the clock generator 300 may use the gate
clock signal CPV and the enable signal OE without addi-
tional control signals applied to the clock generator 300 to
generate the first and second clock signals CKV and CKVB.

[0053] FIG. 2 is a block diagram showing the clock
generator shown in FIG. 1 and FIG. 3 is a timing diagram
of respective elements shown in FIG. 2.

[0054] Referring to FIG. 2, the clock generator 300
includes a D-flip flop 310 for outputting a first clock enable
signal OCS (Odd Clock Pulse) and a second clock enable
signal ECS (Even Clock Pulse), a first voltage applying
circuit 320 for outputting the first clock signal CKV in
response to the first clock enable signal OCS, a second
voltage applying circuit 330 for outputting the second clock
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signal CKVB in response to the second clock enable signal
ECS and a charging/discharging circuit 340 for charging or
discharging the first and second clock signals CKV and
CKVB.

[0055] The D-flip flop 310 receives the vertical start signal
STV and synchronizes with the enable signal OE so as to
output the first and second clock enable signals OCS and
ECS through first and second terminals QB and Q, respec-
tively. The enable signal OE delays the output from the gate
driver 110 by a delay time of the gate driving signal. That is,
the enable signal OF has a high level while the gate driving
signal is delayed during first period 1H.

[0056] The first voltage applying circuit 320 outputs the
first clock signal CKV having the predetermined voltage
during the first period in response to the gate clock signal
CPYV, the enable signal OE and the first clock enable signal
OCS. The second voltage applying circuit 330 outputs the
second clock signal CKVB having the predetermined volt-
age during the first period in response to the gate clock
signal CPV, the enable signal OE and the second clock
enable signal ECS. The charging/discharging circuit 340
receives the gate clock signal CPV and charges or discharges
the first and second clock signals CKV and CKVB when the
first and second voltage applying circuits 320 and 330 are
turned off.

[0057] Asshown in FIG. 3, the gate clock signal CPV has
a first period 1H and the enable signal OFE is generated in the
first period 1H and has a high level of a predetermined duty
while the gate driving signal is delayed.

[0058] During a third period t3 of which the gate clock
signal CPV has a high level and the enable signal OE has a
low level, the first and second voltage applying circuits 320
and 330 are operated. During a fourth period t4 of which the
gate clock signal CPV has the low level and the enable
signal OE has the low level or the high level, the charging/
discharging circuit 340 is operated. During a fifth period t5
between the third and fourth periods t3 and t4, the first
voltage applying circuit 320, the second voltage applying
circuit 330 and the charging/discharging circuit 340 are in a
disable state. In the fifth period t5, the gate clock signal CPV
and the enable signal OE have the low level or high level,
respectively.

[0059] Hereinafter, the clock generator 300 will be
described in detail.

[0060] FIG. 4 is a circuit diagram showing the D-flip flop
shown in FIG. 2 and FIG. 5 is a timing diagram of the D-flip
flop shown in FIG. 4.

[0061] Referring to FIGS. 4 and 5, when the D-flip flop
310 is cleared in response to the second vertical start signal
STVB having the phase opposite to that of the first vertical
start signal STV, the second clock enable signal ECS out-
putted from the first terminal QB of the D-flip flop 310 has
a high level. That is, the D-flip flop 310 receives the first
vertical start signal STV and outputs the first and second
clock enable signals OCS and ECS having two high levels
(2H) as one period in response to the enable signal OF
inputted through a clock terminal CLK thereof. The first
clock enable signal OCS enables the first voltage applying
circuit 320 that outputs the first clock signal CKV applied to
the odd-numbered stages of the gate driver 110 and the
second clock enable signal ECS enables the second voltage
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applying circuit 330 that outputs the second clock signal
CKVB applied to the even-numbered stages of the gate
driver 110.

[0062] FIG. 6 is a circuit diagram showing the first
voltage applying circuit shown in FIG. 2 and FIG. 7 is a
circuit diagram showing the second voltage applying circuit
shown in FIG. 2.

[0063] Referring to FIG. 6, the first voltage applying
circuit 320 includes a first power voltage supplier 321 for
supplying a first power voltage Von to the first clock signal
CKV in response to the first clock enable signal OCS having
a high level and a second power voltage supplier 323 for
supplying a second power voltage Voff to the first clock
signal CKV 1in response to the first clock enable signal OCS
having a low level.

[0064] The first power voltage supplier 321 includes an
on-voltage generator 321a and a first controller 3215 for
controlling operation of the on-voltage generator 321a.

[0065] The first controller 3215 includes a first transistor
T1, a second transistor T2, a first resistor R1 and a second
resistor R2.

[0066] The first transistor T1 includes an emitter con-
nected to a terminal for the enable signal OF and a collector
connected to an emitter of the second transistor T2. The first
resistor R1 is connected between a base of the first transistor
T1 and a terminal for the first clock enable signal OCS. The
second transistor T2 has a collector connected to the on-
voltage generator 3214. The second resistor R2 is connected
between a base of the second transistor T2 and a terminal for
the gate clock signal CPV.

[0067] Accordingly, the first transistor T1 is turned on in
response to a voltage difference between the first clock
enable signal OCS and the enable signal OE and the second
transistor T2 is turned on in response to a voltage difference
between the enable signal OE provided from the first tran-
sistor T1 and the gate clock signal CPV, thereby controlling
operation of the on-voltage generator 321a.

[0068] The on-voltage generator 321a includes a third
transistor T3, a third resistor R3, a fourth resistor R4 and a
fifth resistor R3.

[0069] The third transistor T3 includes an emitter con-
nected to a terminal for the first power voltage Von and a
collector connected to a terminal for the first clock signal
CKV. The third resistor R3 is connected between the emitter
and a base of the third transistor T3. The fourth and fifth
resistors R4 and RS are connected between the base of the
third transistor T3 and the collector of the second transistor
T2 in series. Thus, the third transistor T3 outputs the first
clock signal CKV through the terminal.

[0070] The second power voltage supplier 323 includes an
off-voltage generator 323a and a second controller 3235 for
controlling the off-voltage generator 323a.

[0071] The second controller 3235 includes a fourth tran-
sistor T4, a fifth transistor T5 and sixth to eleventh resistors
R6~R11.

[0072] The fourth transistor T4 includes an emitter con-
nected to the terminal for the gate clock signal CPV and a
collector connected to the fifth transistor T5. The sixth
resistor R6 is connected between the emitter and base of the
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fourth transistor T4. The seventh and eighth resistors R7 and
R8 are connected between the base of the fourth transistor
T4 and the terminal for the enable signal OF in series. The
fifth transistor T5 includes a collector connected to the
off-voltage generator 323a. The ninth resistor R9 is con-
nected between the emitter and base of the fifth transistor T5.
The tenth and eleventh resistors R10 and R11 are connected
between the base of the fifth transistor T35 and the terminal
for first clock enable signal OCS in series.

[0073] The fourth transistor T4 outputs the gate clock
signal CPV in response to a voltage difference between the
gate clock signal CPV and the enable signal OE and the fifth
transistor TS outputs the gate clock signal CPV in response
to a voltage difference between the gate clock signal CPV
outputted from the fourth transistor T4 and the first clock
enable signal OCS. The gate clock signal CPV outputted
from the fifth transistor T5 is provided to the off-voltage
generator 323a.

[0074] The off-voltage generator 323« includes a sixth
transistor T6, a twelfth resistor R12, a thirteenth resistor R13
and a fourteenth resistor R14.

[0075] The sixth transistor T6 includes an emitter con-
nected to a terminal for the second power voltage Voff and
a collector connected to a terminal for the first clock signal
CKV. The twelfth resistor R12 is connected between the
collector of the fifth transistor T3 and first terminals of the
thirteenth and fourteenth resistors R13 and R14 in parallel,
a second terminal of the thirteenth resistor R13 is connected
to the emitter of the sixth transistor Té and a second terminal
of the fourteenth resistor R14 is connected to a base of the
sixth transistor T6. Thus, when the sixth transistor T6 is
turned on in response to the gate clock signal CPV outputted
from the second controller 323, the second power voltage
Voff is outputted through the terminal for the first clock
signal CKV.

[0076] In FIG. 6, the first to sixth transistors T1, T2, T3,
T4, T5 and T6 are bipolar junction transistors.

[0077] Referring to FIG. 7, the second voltage applying
circuit 330 includes a first power voltage supplier 331 for
supplying a first power voltage Von to the second clock
signal CKVB in response to the second clock enable signal
ECS having a high level and a second power voltage
supplier 333 for supplying a second power voltage Voff to
the second clock signal CKVB in response to the second
clock enable signal ECS having a low level.

[0078] The first power voltage supplier 331 includes an
on-voltage generator 3314 and a first controller 3315 for
controlling operation of the on-voltage generator 331a.

[0079] The first controller 3315 includes a first transistor
T1, a second transistor T2, a first resistor R1 and a second
resistor R2.

[0080] The first transistor T1 includes an emitter con-
nected to a terminal for the enable signal OF and a collector
connected to an emitter of the second transistor T2. The first
resistor R1 is connected between a base of the first transistor
T1 and a terminal for the second clock enable signal ECS.
The second transistor T2 includes a collector connected to
the on-voltage generator 331a. The second resistor R2 is
connected between a base of the second transistor T2 and a
terminal for the gate clock signal CPV.
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[0081] Accordingly, the first transistor T1 is turned on in
response to a voltage difference between the second clock
enable signal ECS and the enable signal OE and the second
transistor T2 is turned on in response to a voltage difference
between the enable signal OE provided from the first tran-
sistor T1 and the gate clock signal CPV, thereby controlling
operation of the on-voltage generator 331a.

[0082] The on-voltage generator 331¢ includes a third
transistor T3, a third resistor R3, a fourth resistor R4 and a
fifth resistor RS.

[0083] The third transistor T3 includes an emitter con-
nected to a terminal for the first power voltage Von and a
collector connected to a terminal for the second clock signal
CKVB. The third resistor R3 is connected between the
emitter and a base of the third transistor T3. The fourth and
fifth resistors R4 and RS are connected between the base of
the third transistor T3 and the collector of the second
transistor T2 in series. Thus, the third transistor T3 outputs
the second clock signal CKVB through the terminal.

[0084] The second power voltage supplier 333 includes an
off-voltage generator 333a and a second controller 3335 for
controlling the off-voltage generator 323a.

[0085] The second controller 3335 includes a fourth tran-
sistor T4, a fifth transistor T5 and sixth to eleventh resistors
R6~R11.

[0086] The fourth transistor T4 includes an emitter con-
nected to the terminal for the gate clock signal CPV and a
collector connected to and emitter of the fifth transistor T5.
The sixth resistor R6 is connected between the emitter and
base of the fourth transistor T4. The seventh and eighth
resistors R7 and R8 are connected between the base of the
fourth transistor T4 and the terminal for the enable signal OE
in series. The fifth transistor TS includes a collector con-
nected to the off-voltage generator 333a. The ninth resistor
R9 is connected between the emitter and base of the fifth
transistor T5. The tenth and eleventh resistors R10 and R11
are connected between the base of the fifth transistor TS and
the terminal for second clock enable signal ECS in series.

[0087] The fourth transistor T4 outputs the gate clock
signal CPV in response to a voltage difference between the
gate clock signal CPV and the enable signal OF and the fifth
transistor TS outputs the gate clock signal CPV in response
to a voltage difference between the gate clock signal CPV
outputted from the fourth transistor T4 and the second clock
enable signal ECS. The gate clock signal CPV outputted
from the fifth transistor TS is provided to the off-voltage
generator 333a.

[0088] The off-voltage generator 3334 includes a sixth
transistor T6, a twelfth resistor R12, a thirteenth resistor R13
and a fourteenth resistor R14.

[0089] The sixth transistor T6 includes an emitter con-
nected to a terminal for the second power voltage Voff and
a collector connected to a terminal for the second clock
signal CKVB. The twelfth resistor R12 is connected
between the collector of the fifth transistor T5 and first
terminals of the thirteenth and fourteenth resistors R13 and
R14 in parallel, a second terminal of the thirteenth resistor
R13 is connected to the emitter of the sixth transistor T6 and
a second terminal of the fourteenth resistor R14 is connected
to a base of the sixth transistor T6. Thus, when the sixth
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transistor T6 is turned on in response to the gate clock signal
CPV outputted from the second controller 333b, the second
power voltage Voff is outputted through the terminal for the
second clock signal CKVB.

[0090] In FIG. 7, the first to sixth transistors T1, T2, T3,
T4, TS and T6 are bipolar junction transistors.

[0091] FIG. 8 is a circuit diagram showing the charging/
discharging circuit shown in FIG. 2.

[0092] Referring to FIG. 8, the charging/discharging cir-
cuit 340 includes a charger 341 for charging or discharging
the first and second clock signals CKV and CKVB, a
charging driver 342 for driving the charger 341 and a
charging controller 343 for controlling the charging driver
342.

[0093] The charging controller 343 includes first to third
transistors T1~T3 and first to tenth resistors R1~R10.

[0094] The first transistor T1 includes an emitter con-
nected to a terminal for the gate clock signal CPV and a
collector connected to a first terminal of the fourth resistor
R4. The first resistor R1 is connected between the emitter
and base of the first transistor T1. The second and third
resistors R2 and R3 are connected between the base of the
first transistor T1 and a ground terminal V, in series. The
fourth resistor R4 is connected to the fifth and sixth resistors
RS and R6 in parallel. The fifth resistor RS is connected to
a base of the second transistor T2 and the sixth resistor R6
is connected to the emitter of the second transistor T2.

[0095] The third transistor T3 includes an emitter con-
nected to a terminal for the first power voltage Von and a
collector connected to a collector of the second transistor T2
through the tenth resistor R10. The seventh resistor R7 is
connected between the emitter and base of the third tran-
sistor T3. The eighth and ninth resistors R8 and R9Y are
connected between the base of the third transistor T3 and the
terminal for the gate clock signal CPV in series.

[0096] The charging driver 342 includes fourth and fifth
transistors T4 and T5 and eleventh to fourteenth resistors
R11~R14.

[0097] The fourth transistor T4 includes an emitter con-
nected to the terminal for the second clock signal CKVB and
a collector connected to the terminal for the first clock signal
CKYV through the twelfth resistor R12. The eleventh resistor
R11 is connected between the base of the fourth transistor T4
and a terminal for the charging/discharging control signal
CHC. The fifth transistor TS includes an emitter connected
to the twelfth resistor R12 and a collector connected to the
terminal for the second clock signal CKVB through the
thirteenth resistor R13. The fourteenth resistor R14 is con-
nected between the base of the fifth transistor TS and the
terminal for the charging/discharging control signal CHC.

[0098] The charger 341 includes a first capacitor C1
connected between the terminal for the first clock signal
CKYV and the ground terminal V, and a second capacitor C2
connected between the terminal for the second clock signal
CKVB and the ground terminal V.

[0099] Accordingly, the charging/discharging circuit 340
is operated when the third and sixth transistors T3 and T6 of
the first and second voltage applying circuits 320 and 330
are turned off and the gate clock signal CPV has the low
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level. That is, when the gate clock signal CPV has the low
level, the first and second transistors T1 and T2 of the
charging controller 343 are turned off. The first power
voltage Von is applied to the charging driver 342 through the
third transistor T3 turned on in response to the gate clock
signal CPV and the first power voltage Von.

[0100] Thus, the fourth transistor T4 of the charging driver
342 is turned on in response to the first power voltage Von
and the charging/discharging control signal CHC so as to
charge the second capacitor C2. The charging voltage
charged to the second capacitor C2 is outputted through the
terminal for the second clock signal CKVB. The first capaci-
tor C1 is discharged and the discharging voltage is outputted
through the terminal for the first clock signal CKV.

[0101] The fifth transistor TS of the charging driver 342 is
turned on in response to the charging/discharging control
signal CHC and a potential rises at a first node N1. Thus, the
first capacitor C1 is charged and charging voltage charged to
the first capacitor C1 is outputted through the terminal for
the first clock signal CKV. The second capacitor C2 is
discharged and the discharging voltage is outputted through
the terminal for the second clock signal CKVB.

[0102] When the first and second voltage applying circuits
320 and 330 are turned off and the gate clock signal CPV has
the low level, the first and second clock signals CKV and
CKVB are charged or discharged.

[0103] The tenth resistor R10 connected to the collector of
the third transistor T3 delays the first power voltage Von to
be applied to the charging driver 342 to drive the charging/
discharging circuits 340 while the first and second voltage
applying circuits 320 and 330 are not operated. Thus, it is
able to prevent the first voltage applying circuit 320, the
second voltage applying circuit 330 and the charging/dis-
charging circuit 340 from being operated together during the
fifth period t5.

[0104] FIG. 9 is a simulated waveform of the first and
second clock CKV and CKVB signals from the clock
generator shown in FIG. 2 and FIG. 10 is a simulated
waveform of current needed to output the first and second
clock signals. In FIGS. 9 and 10, the first and second power
voltages Von and Voff are 20 volts and 14 volts, respectively.

[0105] Referring to FIGS. 9 and 10, the first clock signal
CKYV has the first power voltage Von during the first period
t1 and has a slope of a first polarity during the second period
t2. The second clock signal CKVB has the second power
voltage Voff having the phase opposite to that of the first
clock signal CKV during the first period t1 and has a slope
of a second polarity during the second period t2 opposite to
the first polarity.

[0106] The first and second clock signals CKV and CKVB
respectively have the first and second periods t1 and t2 as 1H
and the first and second clock signals CKV and CKVB
having the phase opposite to each other are charged or
discharged during the second period 2. Thus, the power
consumption of the clock generator 300 may be reduced
because the voltage transition of the clock generator 300 is
reduced about half of that of a conventional waveform.

[0107] The power consumption (P) is defined as the fol-
lowing equation:

PxfAV,C )
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[0108] When the voltage transition is reduced, the power
consumption (P) of the clock generator 300 may be reduced
about quarter because the power consumption (P) is in
proportion to a square of the voltage transition. That is, the
power consumption (P) of the clock generator 300 for
generating the first and second clock signals CKV and
CKVB may be reduced.

[0109] FIG. 11 is an output waveform simulated at a
respective stage according to the first and second clock
signals.

[0110] Referring to FIG. 11, an i gate driving signal is
outputted from an i™ stage at a rising edge of the second
clock signal CKVB. When an i+1"* gate driving signal
outputted from an i+1™ stage reaches a voltage V1, the i
gate driving signal is discharged. Thus, the amount of time
the i™ gate driving signal is maintained at a high level is
reduced.

[0111] When the gate driver 110 receives the first and
second clock signals CKV and CKVB, the pulse width of the
gate driving signal may be adjusted and the LCD apparatus
400 may be operated in high-speed.

[0112] InFIGS. 1to 11, the gate clock signal CPV and the
enable signal OE are described as a clock generating control
signal for controlling the first and second voltage applying
circuits 320 and 330 and the charging/discharging circuit
340. However, the clock generating control signal is not
limited to that exemplary embodiment.

[0113] FIGS. 12 and 13 are waveforms of clock gener-
ating control signals according to another embodiment of the
present invention.

[0114] Referring to FIG. 12, the clock generating control
signal includes a first control signal CT1 having 1H period
and a second control signal CT2 having a phase partially
opposite to that of the first control signal CT1 and 1H period.
The first and second control signals CT1 and CT2 control
operations of the first and second voltage applying circuits
320 and 330 and the charging/discharging circuit 340.

[0115] Particularly, during a third period t3 where the first
control signal CT1 has a high level and the second control
signal CT2 has a low level, the first and second voltage
applying circuits 320 and 330 are operated. During a fourth
period t4 where the first control signal CT1 has the low level
and the second control signal CT2 has the high level, the
charging/discharging circuit 340 is operated. Also, during a
fifth period t5 where the first and second control signals CT1
and CT2 have the low level, the first and second voltage
applying circuits 320 and 330 and the charging/discharging
circuit 340 are not operated. The fifth period t5 is provided
between the third and fourth periods t3 and t4. Thus, it is
able to prevent the first voltage applying circuit 320, the
second voltage applying circuit 330 and the charging/dis-
charging circuit 340 from being operated together.

[0116] As shown in FIG. 13, the clock generating control
signal includes third and fourth control signals CT3 and CT4
having 1H period, respectively. The fourth control signal
CT4 is generated as a high level when the third control
signal CT3 has a low level. The third and fourth control
signals CT3 and CT4 control operations of the first and
second voltage applying circuits 320 and 330 and the
charging/discharging circuit 340.
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[0117] Particularly, the first and second voltage applying
circuits 320 and 330 are operated during a third period (3
where the third control signal CT3 has the high level and the
fourth control signal CT4 has the low level. The charging/
discharging circuit 340 is operated during a fourth period t4
where the third control signal CT3 has the low level and the
fourth control signal CT4 has the low level. Also, the first
and second voltage applying circuits 320 and 330 and the
charging/discharging circuit 340 are not operated during a
fifth period t5 where the third control signal CT3 has the low
level and the fourth control signal CT4 has the high level.
The fifth period t5 is provided between the third and fourth
periods t3 and t4. Thus, it is able to prevent the first voltage
applying circuit 320, the second voltage applying circuit 330
and the charging/discharging circuit 340 from being oper-
ated together.

[0118] FIG. 14 is a schematic view showing an LCD
apparatus according to another embodiment of the present
invention. FIG. 15 is a schematic view showing a discharger
shown in FIG. 14. FIG. 16 is a waveform simulated at the
discharger shown in FIG. 15. FIG. 17 is a waveform of a
gate driving signal of the LCD apparatus shown in FIG. 14.

[0119] Referring to FIG. 14, an LCD apparatus 500
includes an LCD panel 100 on which a gate driver 110, a
data driver 120 and a discharger 150 are disposed.

[0120] The LCD panel 500 includes a plurality of gate
lines G1~Gn extended in a first direction, a plurality of data
lines D1~Dm extended in a second direction perpendicular
to the first direction, a TFT 130 having a first electrode 131
connected to the gate lines G1~Gn and a second electrode
132 connected to the data lines D1~Dm and a pixel electrode
140 connected to a third electrode 133 of the TFT 130. The
TFT 130 receives data signal through the second electrode
132

[0121] and provides the data signal to the pixel electrode
140 in response to a gate driving signal applied to the first
electrode 131.

[0122] The gate driver 110 connected to first ends of the
gate lines G1~Gn sequentially applies the gate driving signal
to the gate lines G1~Gn. The data driver 120 connected to
the data lines D1~Dm applies the data signal to the data lines
D1~Dm.

[0123] The discharger 150 is connected to second ends of
the gate lines G1~Gn. As shown in FIG. 15, the discharger
150 discharges a second gate driving signal applied to a
present gate line Gi in response to a first gate driving signal
applied to a next gate line Gi+1, so that the second gate

driving signal has the second power voltage Voff. The “i” is
a natural number larger than “1” and smaller than “n”.

[0124] The discharger 150 includes a discharging transis-
tor 155 having a first electrode 155a connected to the present
gate line Gi, a second electrode 155b connected to a terminal
for the second power voltage Voff and a third electrode 155¢
connected to the next gate line Gi+l.

[0125] That is, when a voltage level of the first gate
driving signal is greater than a threshold voltage of the
discharging transistor 155, the discharging transistor 155
discharges the second gate driving signal into the second
power voltage Voff.

Mar. 4, 2004

[0126] As shown in FIGS. 16 and 17, when the voltage
level of the first gate driving signal rises more than the
threshold voltage of the discharging transistor 155, the
discharging transistor 155 discharges the second gate driv-
ing signal into the second power voltage Voff. Thus, the
discharging transistor 155 sufficiently discharges the second
gate driving signal before the first gate driving signal is
pulled up, so that the discharging transistor 155 may prevent
the second gate driving signal from being delayed.

[0127] FIG. 18 is a waveform of a conventional gate
driving signal and FIG. 19 is a waveform of the gate driving
signal according to an embodiment of the present invention
shown in FIG. 14. In FIGS. 18 and 19, a first gate driving
signal Vfirst applied to a first switching device among plural
switching devices connected to the gate line G1 of the gate
lines G1~Gn, a second gate driving signal Vcenter applied
to a center switching device among plural switching devices
connected to the gate line G1 of the gate lines G1~Gn and
a third gate driving signal Vend applied to a last switching
device among plural switching devices connected to the gate
line G1 of the gate lines G1~Gn are described.

[0128] Referring to FIG. 18, the first, second and third
gate driving signals Vfirst, Veenter and Vend are completely
discharged at about 140 us and each reach the second power
voltage Voff at different times, respectively.

[0129] Referring to FIG. 19, the first, second and third
gate driving signals Vfirst, Veenter and Vend are completely
discharged at about 136 us. Thus, compared with the delay
time of the conventional first, second and third gate driving
signals Vfirst, Veenter and Vend shown in FIG. 18, the delay
time of the first, second and third gate driving signals Vfirst,
Vcenter and Vend according to an embodiment of the
present invention may be reduced about 4 us. Also, since the
first, second and third gate driving signals Vfirst, Vcenter
and Vend reach the second power voltage Voff at the same
time, the delaying characteristics of the first, second and
third gate driving signals Vfirst, Vcenter and Vend are
thereby improved.

[0130] FIGS. 20 and 21 are schematic views showing
LCD apparatuses according to other embodiments of the
present invention.

[0131] Referring to FIG. 20, an LCD apparatus 600
includes a first gate driver 160, a second gate driver 170, a
data driver 120, a first discharger 180 and a second dis-
charger 190.

[0132] The LCD panel 600 includes a plurality of gate
lines G1~Gn extended in a first direction, a plurality of data
lines D1~Dm extended in a second direction perpendicular
to the first direction, a TFT 130 having a first electrode 131
connected to the gate lines G1~Gn and a second electrode
132 connected to the data lines D1~Dm and a pixel electrode
140 connected to a third electrode 133 of the TFT 130. The
TFT 130 receives a data signal through the second electrode
132 and provides the data signal to the pixel electrode 140
in response to a gate driving signal applied to the first
¢lectrode 131 thereof.

[0133] The first gate driver 160 connected to first ends of
the gate lines G1~Gn sequentially applies the gate driving
signal to the gate lines G1~Gn. The data driver 120 con-
nected to the data lines D1~Dm applies the data signal to the
data lines D1~Dm when the gate driving signal is applied to
the gate lines G1~Gn.
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[0134] The second gate driver 170 connected to second
ends of the gate lines G1~Gn sequentially applies the gate
driving signal to the gate lines G1~Gn when the first gate
driver 160 is in an abnormal operation state. Thus, although
the first gate driver 160 is operated in the abnormal state, the
LCD apparatus 600 may be operated in a normal state while
the second gate driver 170 is in a normal operation state.

[0135] The first and second gate drivers 160 and 170
respectively have a shift register having plural stages con-
nected one after another to each other. Respective stages of
the shift register have a same configuration.

[0136] As shown in FIG. 20, the first gate driver 160
includes five input terminals for receiving signals, such as a
first vertical start signal STV, a first clock signal CKV, a
second clock signal CKVB, a first power voltage Von and a
second power voltage Voff, from an external device.

[0137] The second gate driver 170 also includes five input
terminals. The second gate driver 170 receives the first
vertical start signal STV, the first power voltage Von and the
second power voltage Voff while the first gate driver 160 is
operated in the normal state. That is, the second gate driver
170 receives the first power voltage Von instead of the first
and second clock signals CKV and CKVB and the second
power voltage Voff instead of the input terminal for the first
power voltage Von. Thus, the second gate driver 170 main-
tains a bias state while the first gate driver 160 is operated
in the normal state.

[0138] However, when the first gate driver 160 is operated
in the abnormal state, the second gate driver 170 receives the
first clock signal CKYV, the second clock signal CKVB and
the first power voltage Von, so that the second gate driver
170 may output the gate driving signal to the gate lines
G1~Gn.

[0139] To prevent the gate driving signal from being
delayed when the first gate driver 160 is operated, the first
discharger 180 is connected to the second ends of the gate
lines G1~Gn. The second discharger 190 is connected to the
first ends of the gate lines G1~Gn so as to prevent the gate
driving signal from being delayed when the second gate
driver 170 is operated.

[0140] The first discharger 180 includes a first discharging
transistor having a first electrode connected to a first end of
a present gate line, a second electrode connected to the
terminal for the second power voltage Voff and a third
electrode connected to a first end of a next gate line.
Accordingly, the first discharging transistor is operated in
response to a first gate driving signal applied from the first
gate driver 160 to the next gate line to discharge the second
gate driving signal applied to the present gate line into the
second power voltage Voff.

[0141] The second discharger 190 includes a second dis-
charging transistor having a first electrode connected to a
second end of the present gate line, a second electrode
connected to the terminal for the second power voltage Voff
and a third electrode connected to a second end of the next
gate line. Accordingly, the second discharging transistor is
operated in response to a first gate driving signal applied
from the second gate driver 170 to the next gate line to
discharge the second gate driving signal applied to the
present gate line into the second power voltage Voff.
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[0142] 1In FIG. 20, the first and second gate drivers 160
and 170 are disposed adjacent to the first and second ends of
the gate lines G1~Gn, respectively. However, the first and
second gate drivers 160 and 170 may be disposed adjacent
to second and first ends of the gate lines G1~Gn, respec-
tively.

[0143] As shown in FIG. 21, in LCD apparatus 700, a
second gate driver 170 is connected to the first ends of the
gate lines G1~Gn and the first gate driver 160 is connected
to the second ends of the gate lines G1~Gn. The second gate
driver 170 is operated while the first gate driver 160 is
operated in an abnormal state.

[0144] FIG. 22 is a circuit diagram showing the first gate
driver shown in FIG. 20 and FIG. 23 is a waveform of
output from the first gate driver shown in FIG. 22. The first
gate driver 160 has a shift register having plural stages
connected one after another to each other. Respective stages
of the shift register have a same configuration.

[0145] Referring to FIG. 22, each stage 161 of the shift
register includes a pull-up section 1614, a pull-down section
1615, a pull-up driving section 161c and a pull-down driving
section 1614.

[0146] The pull-up section 161 includes a first NMOS
transistor NT1 of which a drain is connected to a clock
signal input terminal CKYV, a gate is connected to a first node
N1 and a source is connected to an output terminal Gout(i)
of the present stage.

[0147] The pull-down section 1616 includes a second
NMOS transistor NT2 of which a drain is connected to an
output terminal Gout(i), a gate is connected to a second node
N2 and a source is connected to a second power voltage Voff.

[0148] The pull-up driving section 161c includes a capaci-
tor C1 and third to fifth NMOS transistors NT3 to NTS. The
capacitor C1 is connected between the first node N1 and the
output terminal Gout(i). The third NMOS transistor NT3 has
a drain connected to the first power voltage Von, a gate
connected to the terminal Gout(i-1) and a source connected
to the first node N1. The fourth NMOS transistor NT4 has
a drain connected to the first node N1, a gate connected to
an output terminal Gout(i+1) of the next stage and a source
connected to the second power voltage Voff. The fifth
NMOS transistor NT3 has a drain connected to the first node
N1, a gate connected to the second node N2 and a source
connected to the second power voltage Voff.

[0149] The pull-down driving section 161d includes sixth
and seventh NMOS transistors NT6 and NT7. The sixth
NMOS transistor NT6 has drain and gate commonly con-
nected to the first power voltage Von and a source connected
to the second node N2. The seventh NMOS transistor NT7
has a drain connected to the second node N2, a gate
connected to the first node N1 and a source connected to the
second power voltage Voff. The sixth NMOS transistor NT6
has a size ratio of 16:1 to the seventh NMOS transistor NT7.

[0150] When first and second clock signals CKV and
CKVB and first vertical start signal STV are applied, each
stage sequentially outputs the gate driving signal. That is,
each stage outputs the first clock signal CKV of a high level
period as the gate driving signal through the output terminal
Gout(i) in response to an output signal of a previous stage.
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[0151] As the high level period of the first clock signal
CKV is generated at the output terminal Gout(i), the output
voltage is bootstrapped at the capacitor C1 and thereby the
gate voltage of the first NMOS transistor NT1 rises over the
turn-on voltage VDD. Accordingly, the first NMOS transis-
tor NT1 maintains a full turn-on state. At this time, the third
NMOS transistor NT3 has a size ratio of 2:1 to the fifth
NMOS transistor NT5. Thus, although the fifth NMOS
transistor NTS is turned on in response to the first vertical
start signal STV, the first NMOS transistor NT1 is transited
to the turn-on state.

[0152] In the pull-down driving section 161d, since the
seventh NMOS transistor NT7 is turned off and a potential
of the second node N2 rises to the first power voltage Von,
the second NMOS transistor NT2 is turned on. Thus, the
gate driving signal outputted from the output terminal
Gout(i) maintains the second power voltage Voff. At this
time, the potential of the second node N2 is dropped to the
second power voltage Voff because the seventh NMOS
transistor NT7 is turned on in response to the gate driving
signal outputted from the output terminal Gout(i-1) of the
previous stages.

[0153] Although the sixth NMOS transistor NT6 is turned
on, the second node N2 maintains the second power voltage
Voff since a size of the seventh NMOS transistor NT7 is
larger 16 times than the sixth NMOS transistor NT6. There-
fore, the second NMOS transistor NT2 is transited from the
turn-on state to the turn-off state.

[0154] When a potential of the gate driving signal output-
ted from the output terminal Gout(i) of the present stage is
dropped to the second power voltage Voff, the seventh
NMOS transistor NT7 is turned off. The potential of the
second node N2 rises from the second power voltage Voff to
the first power voltage Von because the second node N2
receives the first power voltage Von through the sixth
NMOS transistor NT6. When the fifth NMOS transistor NT5
is turned on while rising the potential of the second node N2,
the charged voltage into the capacitor C1 is discharged so as
to turn off the first NMOS transistor NT1.

[0155] Responsive to the voltage level of the gate driving
signal outputted from the output terminal Gout(i+1) of the
next stage having the turn-on voltage, the fourth NMOS
transistor NT4 is turned on. At this time, the potential of the
first node N1 is rapidly dropped to the second power voltage
Voff while only the fifth NMOS transistor NT5 is turned on
since a size of the fourth NMOS transistor NT4 is larger 2
times than the fifth NMOS transistor NT5. Therefore, the
first NMOS transistor NT1 is turned off and the second
NMOS transistor NT2 is turned on, so that the gate driving
signal from the output terminal Gout(i) of the present stage
is dropped from the first power voltage Von to the second
power voltage Voff.

[0156] Although the fourth NMOS transistor NT4 is
turned off in response to the gate driving signal outputted
from the output terminal Gout(i+1) of the next stage drop-
ping to the second power voltage Voff, the second node N2
maintains the first power voltage Von through the sixth
NMOS transistor NT6 and the first node N1 maintains the
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second power voltage Voff through the fifth NMOS transis-
tor NTS. Therefore, the potential of the second node N2 may
maintain the first power voltage Von and prevent the second
NMOS transistor NT2 from being turned off.

[0157] FIG. 24 is a waveform showing output signals of
the first gate driver in the case of applying the first power
voltage to the first power voltage input terminal of the
second gate driver shown in FIG. 20. FIG. 25 is a waveform
showing output signals of the first gate driver in the case of
applying the second power voltage to the first and second
clock input terminals of the second gate driver shown in
FIG. 20.

[0158] Referring to FIG. 24, in the case of applying the
first power voltage Von to the input terminal for the first
power voltage Von of the second gate driver 170, the output
waveforms from respective stages of the first gate driver 160
are outputted in abnormal waveforms. As a result, the
display characteristics of the LCD apparatus are deterio-
rated.

[0159] As shown in FIG. 25, in the case of applying the
second power voltage Voff to the input terminals for the first
and second clock signals CKV and CKVB of the second gate
driver 170, the voltage levels of the output waveforms from
respective stages of the first gate driver 160 are dropped. As
a result, the power consumption of the first gate driver 160
increases.

[0160] Thus, the input terminals for the first and second
clock signals CKV and CKVB of the second gate driver 170
receive the first power voltage Von and the input terminal for
the first power voltage Von of the second gate driver 170
receives the second power voltage Voff while the first gate
driver 160 is operated in the normal state.

[0161] According to the LCD apparatus, the clock gen-
erator generates the first and second clock signals respec-
tively having a first period that determines the voltage level
of the gate driving signal and a second period that charges
or discharges the first and second clock signals and applies
the first and second clock signals to the gate driver so as to
control the pulse width of the gate driving signal. Therefore,
the gate driver may normally drive the gate lines corre-
sponding to the 1H frame, thereby improving the display
characteristics of the LCD apparatus.

[0162] Also, since the gate lines have the discharging
transistor connected to first ends thereof, the present stage
may be discharged before operating the next stage, thereby
preventing the gate driving signal from being delayed.

[0163] Further, the gate lines include have the first gate
driver connected to first ends thereof and the second gate
driver connected to second ends thereof. The second gate
driver normally operates the gate lines while the first gate
driver is operated in abnormal state. Thus, although the first
gate driver is abnormally operated, the LCD apparatus may
be operated in normal state due to the second gate driver.

[0164] Although the exemplary embodiments of the
present invention have been described, it is to be understood
that the present invention should not be limited to these
exemplary embodiments but various changes and modifica-
tions can be made by one ordinary skilled in the art within
the spirit and scope of the present invention as hereinafter
claimed.
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What is claimed is:
1. An LCD apparatus comprising:

a timing controller for outputting an image signal, a first
timing signal, a second timing signal and a clock
generating control signal in response to an external
signal;

a clock generator for generating first and second clock
signals having phases opposite to each other and con-
trolling the first and second clock signals during a first
period so as to determine a voltage level of a gate
driving signal and a second period so as to charge or
discharge the first and second clock signals;

a gate driver for sequentially outputting the gate driving
signal in response to the first timing signal, the first
clock signal and the second clock signal;

a data driver for outputting the image signal in response
to the second timing signal; and

an LCD panel having a plurality of data lines for receiving
the image signal, a plurality of gate lines for receiving
the gate driving signal, and a switching device con-
nected to the data and gate lines for outputting the
image signal in response to the gate driving signal.

2. The LCD apparatus of claim 1, wherein the first clock
signal comprises a first voltage during the first period and a
first polarity during the second period, and the second clock
signal comprises a second voltage having a phase opposite
to that of the first voltage during the first period and a second
polarity having a phase opposite to that of the first polarity
during the second period, the first and second clock signals
having a slope during the second period, respectively.

3. The LCD apparatus of claim 2, wherein an output
signal from a present stage is discharged when a level of an
output voltage from a next stage is higher than that of a
predetermined voltage.

4. The LCD apparatus of claim 1, wherein the clock
generator comprises:

a voltage applying circuit for outputting the first and
second clock signals having a predetermined voltage
during the first period; and

a charging/discharging circuit for charging or discharging
the first and second clock signals when the voltage
applying circuit is turned off.

5. The LCD apparatus of claim 4, wherein the clock
generating control signal comprises a third period for turn-
ing on the voltage applying circuit, a fourth period for
turning on the charging/discharging circuit and a fifth period
for turning off the charging/discharging circuit.

6. The LCD apparatus of claim 1, wherein the clock
generating control signal comprises:

a gate clock signal (CPV) for controlling the first and
second clock signals so as to repeatedly have a high
period,

an enable signal (OE) for controlling gate driving signals
successively outputted from the gate driver so as to
have a phase difference each other; and

a charging/discharging control signal (CHC) for charging
or discharging the first and second clock signals.
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7. The LCD apparatus of claim 6, wherein the clock
generator comprises:

a D-flip flop for receiving the first timing signal and
respectively outputting a first clock enable signal
(OCS) and a second clock enable signal (ECS) through
a first terminal and a second terminal thereof in
response to the OF signal,

a first voltage applying circuit for outputting the first
clock signal having a predetermined voltage during the
first period in response to the CPV, OE and OCS
signals;

a second voltage applying circuit for outputting the sec-
ond clock signal having a predetermined voltage during
the first period in response to the CPV, OE and ECS
signals; and

a charging/discharging circuit for receiving the CPV and
CHC signals and charging or discharging the first and
second clock signals when the first and second voltage
applying circuits are turned off.

8. The LCD apparatus of claim 7, wherein the first voltage

applying circuit comprises:

a first power voltage supplier for outputting a first power
voltage as the first clock signal in response to a high
period of the OCS signal; and

a second power voltage supplier for outputting a second
power voltage as the first clock signal in response to a
low period of the OCS signal.

9. The LCD apparatus of claim 7, wherein the second

voltage applying circuit comprises:

a first power voltage supplier for outputting a first power
voltage as the second clock signal in response to a high
period of the ECS signal; and

a second power voltage supplier for outputting a second
power voltage as the second clock signal in response to
a low period of the ECS signal.
10. The LCD apparatus of claim 7, wherein the charging/
discharging circuit comprises:

a clock charger for charging the first clock signal while
the second clock signal is discharged and charging the
second clock signal while the first clock signal is
discharged; and

a charging controller for turning on or off the clock
charger in response to the CPV and CHC signals and
controlling an operation time of the clock charger when
the first and second voltage applying circuits are turned
off.

11. An LCD apparatus comprising:

an LCD panel having a plurality of gate lines extended in
a first direction, a plurality of data lines extended in a
second direction, a switching device having a first
electrode connected to the gate lines and a second
electrode connected to the data lines and a pixel elec-
trode connected to a third electrode of the switching
device;

a gate driver connected to the gate lines for sequentially
applying a gate driving signal to the gate lines;

a data driver connected to the data lines for applying a
data driving signal to the data lines; and
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a discharger for discharging a second gate driving signal
applied to a present gate line in response to a first gate
driving signal applied to a next gate line.

12. The LCD apparatus of claim 11, wherein the dis-
charger comprises a transistor of which a first electrode is
connected to the present gate line and a second electrode is
connected to a discharge voltage input terminal for discharg-
ing the second gate driving signal in response to the first gate
driving signal.

13. The LCD apparatus of claim 11, wherein the gate
driver receives a first clock signal and a second clock signal
having a phase opposite to that of the first clock signal, and
the first and second clock signals comprise a first period for
determining a level of the gate driving signal and a second
period for charging or discharging the first and second clock
signals, respectively.

14. The LCD apparatus of claim 13, wherein the first
clock signal comprises a first voltage during the first period
and a first polarity during the second period, and the second
clock signal comprises a second voltage having a phase
opposite to that of the first voltage during the first period and
a second polarity having a phase opposite to that of the first
polarity during the second period, the first and second clock
signals having a slope during the second period, respec-
tively.

15. An LCD apparatus comprising:

a LCD panel having a plurality of gate lines extended in
a first direction, a plurality of data lines extended in a
second direction perpendicular to the first direction, a
switching device having a first electrode connected to
the gate lines and a second electrode connected to the
data lines and a pixel electrode connected to a third
electrode of the switching device;

a first gate driver connected to first ends of the gate lines
for sequentially applying a gate driving signal to the
gate lines;

a second gate driver connected to second ends of the gate
lines for sequentially applying the gate driving signal to
the gate lines when the first gate driver is in an
abnormal state;

a data driver connected to the data lines for applying a
data driving signal to the data lines; and

a first discharger for discharging a second gate driving
signal applied to a present gate line in response to a first
gate driving signal applied to a next gate line when the
first gate driver is operated; and

a second discharger for discharging the second gate
driving signal in response to the second gate driving
signal when the second gate driver is operated.
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16. The LCD apparatus of claim 15, further comprising an
external connection terminal connected to the first gate
driver, wherein the external connection terminal comprises:

a first input terminal for receiving a start signal;
a second input terminal for receiving a first clock signal;

a third input terminal for receiving a second clock signal
having a phase opposite to that of the first clock signal;

a fourth input terminal for receiving a first power voltage;
and

a fifth input terminal for receiving a second power volt-

age.

17. The LCD apparatus of claim 16, wherein the first and
second clock signals comprise a first period for determining
a level of the gate driving signal and a second period for
charging or discharging the first and second clock signals,
respectively.

18. The LCD apparatus of claim 15, further comprising an
external connection terminal connected to the second gate
driver, wherein the external connection terminal comprises:

a first input terminal for receiving a start signal;

a second input terminal for selectively receiving a first
clock signal and a first power voltage;

a third input terminal for selectively receiving a second
clock signal having a phase opposite to that of the first
clock signal and a second power voltage;

a fourth input terminal for selectively receiving the first
power voltage and the second power voltage; and

a fifth mput terminal for receiving the second power

voltage.

19. The LCD apparatus of claim 18, wherein the first and
second clock signals comprise a first period for determining
a level of the gate driving signal and a second period for
charging or discharging the first and second clock signals,
respectively.

20. The LCD apparatus of claim 15, wherein the first
discharger comprises a first transistor of which a first elec-
trode is connected to the present gate line and a second
electrode is connected to a discharge voltage input terminal
for discharging the second gate driving signal in response to
the first gate driving signal.

21. The LCD apparatus of claim 15, wherein the second
discharger comprises a second transistor of which a first
electrode is connected to the present gate line and a second
electrode is connected to a discharge voltage input terminal
for discharging the second gate driving signal in response to
the first gate driving signal.
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