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a gate clock pulse and a gate clock bar pulse in response to the
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LIQUID CRYSTAL DISPLAY AND GATE
DRIVING CIRCUIT THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority of Korean Patent
Applications Nos. 10-2006-0125333 and 10-2006-0129732,
filed on Dec. 11, 2006 and Dec. 19, 2006, respectively, the
entire contents of which are incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD), and more particularly, to an LCD and gate driv-
ing circuit thereof.

[0004] 2. Discussion of the Related Art

[0005] LCDs include an LCD panel for displaying an
image, and data and gate driving circuits for driving the LCD
panel. The LCD panel includes a plurality of gate lines, data
lines, and pixels. Each pixel includes a thin film transistor
(TFT) and a liquid crystal capacitor. The data driving circuit
outputs data signals to the data lines and the gate driving
circuit outputs gate driving signals to gate lines.

[0006] The gate driving circuit is formed on the LCD panel
simultaneously with and by the same processes as those to
form the TFTs. The data driving circuit has a chip type con-
figuration that is connected to a peripheral area of the LCD
panel. The gate driving circuit includes a shifter register
which has a plurality of stages, each of which is connected to
a corresponding gate line to output the gate driving signals.
[0007] The stages of the gate driving circuit are connected
to each other to sequentially output the gate driving signals to
the gate lines. An input terminal of a current stage is con-
nected to an output terminal of a previous stage and an output
terminal of a next stage is connected to a control terminal of
the current stage. A start signal is input to a first one of the
stages. The above-configured gate driving circuit is provided
to each of the left and right sides of the LCD panel. A left gate
driving circuit drives odd-numbered gate lines, while a right
gate driving circuit drives even-numbered gate lines. Thus,
the gate driving unit drives the gate lines by a single driving
system.

[0008] In the single driving type LCD, gate driving signals
output from the left and right gate driving circuits are delayed
toward the ends of the gate lines causing some of the pixels to
be insufficiently charged thereby resulting in a horizontal line
visibility phenomenon. To solve the problem of the insuffi-
cient pixel charging time in the single driving system, a dual
driving system has been proposed. The dual driving system
includes a pair of driving circuits provided to left and right
sides of an LCD panel to provide the same gate driving signals
to the gate lines.

[0009] However, the foregoing approach requires twice as
many signal lines as in the single driving type LCD and thus
more space is required for integration of the LCD panel and
increasing fabricating costs of the LCD panel.

SUMMARY OF THE INVENTION

[0010] In accordance with the exemplary embodiments
described herein, an LCD and a gate driving circuit are pro-
vided that require fewer signal lines to be connected to the

Sep. 4, 2008

gate driving circuit inter alia, by sharing the start pulse of a
dual gate driving circuit and an output signal of a dummy
stage.

[0011] Inoneexemplary embodiment, a gate clock pulse or
a gate clock bar pulse is output as a gate driving signal to each
of the gate lines in response to a single start pulse. The
received start pulse is applied to an input terminal of each of
a first odd-numbered stage and a first even-numbered one of
the stages, wherein the output terminals of the stages are
connected to the gate lines.

[0012] In another exemplary embodiment, a liquid crystal
display includes a timing controller generating an output
enable signal, a gate clock, and a signal start signal in
response to an external input signal, a level shifter generating
a gate clock pulse and a gate clock bar pulse in response to the
output enable signal and the gate clock and generating a
single start pulse in response to the start signal and the gate
clock, and first and second gate driving circuits outputting the
gate clock pulse or the gate clock bar pulse as a gate driving
signal to a plurality of gate lines in response to the single start
pulse.

[0013] A better understanding of the above and many other
features and advantages of the present invention may be
obtained from a consideration of the detailed description
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a block diagram of an LCD according to
one embodiment of the present invention;

[0015] FIG. 2 is a block diagram showing input and output
signals of first and second level shifters shown in FIG. 1;
[0016] FIG. 3 is a circuit diagram of the first level shifter
shown in FIG. 2;

[0017] FIG. 4 is a block diagram of an exemplary embodi-
ment of first and second gate driving circuits shown in FIG. 2;
FIG. 5 is a circuit diagram of a first stage shown in FIG. 4;

[0018] FIG. 6A and FIG. 6B are graphs for comparing
operations of gate driving circuits by start pulses in a related
art LCD and in an LCD according to one embodiment of the
present invention;

[0019] FIG. 7 is a block diagram of another exemplary
embodiment of the first and second gate driving circuits
shown in FIG. 2;

[0020] FIG. 8A and FIG. 8B are graphs for comparing
operations of gate driving circuits in a related art LCD and in
an LCD according to another embodiment of the present
invention; and

[0021] FIG. 9is a graph showing an output waveform of an
(n+2)™ stage of each of the first and second gate driving
circuits shown in FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0022] FIG. 1 is a block diagram of an LCD according to
one embodiment of the present invention.

[0023] Referring to FIG. 1, an LCD 100 according to an
exemplary embodiment of the present invention includes an
LCD panel 110, a data driving circuit 120, a first gate driving
circuit 130, a second gate driving circuit 140, a first level
shifter 150, asecond level shifter 160, a timing controller 170,
and a power supply 180.
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[0024] The LCD panel 110 includes a TFT substrate 112, a
color filer substrate (not shown), and aliquid crystal layer (not
shown) disposed between the TFT substrate 112 and the color
filter substrate.

[0025] The TFT substrate 112 includes a display area DA,
first peripheral areas PA1, and a second peripheral area PA2.
The display area DA is provided with gate lines GL1 to GLn,
data lines DL1 to DLm, and pixels connected to the gate lines
GL1 to GLn and the data lines DL1 to DLm, respectively. The
first peripheral areas PA1 is provided with the first and second
gate driving circuits 130 and 140 for driving the gate lines
GL1 to GLn. The data driving circuit 120 for driving the data
lines DL1 to DLm is formed in the second peripheral area
PA2. The first peripheral areas PA1 are adjacent to both ends
of the gate lines GL1 to GLn and the second peripheral area
PA2 is adjacent to one ends of the data lines DL1 to DLm.

[0026] Each pixel, e.g., one pixel includes a TFT connected
to the gate line GL1 and the data line DL1, an LCD capacitor
CIC connected to the TFT, and a storage capacitor Cst con-
nected to the TFT. The gate and the source of the TFT are
respectively connected to the gate line GL1 and the data line
DL1, and the drain of the TFT is connected to the LCD
capacitor Clc and the storage capacitor Cst. The LCD capaci-
tor Clc includes a pixel electrode, a common electrode, and a
liquid crystal layer functioning as a dielectric between the two
electrodes.

[0027] Thecolor filter substrate includes a black matrix that
prevents leakage of light, a color filter for displaying colors,
and the common electrode. Liquid crystal of the liquid crystal
layer, which has dielectric anisotropy is twisted by a differ-
ence between voltages applied to the common electrode and
the pixel electrode, thereby adjusting the transmittance of
light.

[0028] The first and second gate driving circuits 130 and
140 are integrated on the first peripheral areas PA1 which are
at both opposing sides of the LCD panel 110, with the gate
lines GL1 to GLn therebetween. Outputs of the first and
second driving circuits 130 and 140 are connected to both
ends of the gate lines GL1 to GLn, respectively. The first and
second gate driving circuits 130 and 140 dually drives the
gates lines GL1 to GLn by sequentially supplying gate driv-
ing signals from both ends of the gate lines GL1 to GLn.

[0029] The data driving circuit 120 receives a data control
signal and data from the timing controller 170, selects an
analog driving voltage corresponding to the data, and then
provides it to the data lines DL1 to DLm as a gray scale
display voltage. The data driving circuit 120 is implemented
with an integrated chip and loaded on the second peripheral
area PA2 of the TFT substrate 112. The data driving circuit
120 is connected to the timing controller 170 and the power
supply 180 via a flexible printed circuit board 102 connected
to the second peripheral area PA2.

[0030] Although the data driving circuit 120 of the present
embodiment is exemplarily loaded on the TFT substrate 112
by COG (chip on glass), it can be loaded in various ways. For
instance, it may be loaded by TCP (tape carrier package) or
directly integrated on the TFT substrate 112 like the first and
second gate driving circuits 130 and 140.

[0031] The first and second level shifters 150 and 160
receive a gate control signal from the timing controller 170
and a driving voltage from the power supply 180, and gener-
ate a gate driving signal for driving the gate driving circuits
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130 and 140. The first and second level shifters 150 and 160
then supply the generated signal to the first and second gate
driving circuits 130 and 140.

[0032] Thetiming controller 170 receives external data and
an external input control signal and generates a gate control
signal and a data control signal. The timing controller 170
then supplies the generated signals to the first and second
level shifters 150 and 160 and the data driving circuit 120. As
used herein, data refers to red (R), green (G), and blue (B)
image signals, and the input control signal includes a vertical
synchronizing signal, a horizontal synchronizing signal, a
main clock signal, and a data enable signal.

[0033] The power supply 180 generates an analog driving
voltage, a common voltage, and a gate driving voltage using
an externally supplied power voltage. The power supply 180
supplies the analog driving voltage, the common voltage, and
the gate driving voltage to the data driving circuit 120, the
common electrode of the LCD panel 110, and the first and
second level shifters 150 and 160, respectively.

[0034] The timing controller 170, the first and second level
shifters 150 and 160 and the power supply 180 are mounted
on a control printed circuit board 104. The control printed
circuit board 104 is connected to the second peripheral area
PA2 of the TFT substrate 112 via the flexible printed circuit
board 102. The first and second gate driving circuits 130 and
140 formed on the LCD panel 110 are connected to the timing
controller 170 and the power supply 180 via the data driving
circuit 120 or can be directly connected to the timing control-
ler 170 and the power supply unit 170 via the flexible printed
circuit board 102.

[0035] FIG. 2 is a block diagram showing input and output
signals of first and second level shifters shown in FIG. 1.
[0036] Referring to FIG. 2, the first and second level
shifters 150 and 160 receive a gate-on voltage VON and a
gate-off voltage VOFF as gate driving voltages from the
power supply 180.

[0037] The first level shifter 150 receives an output enable
signal OE, a first gate clock CPV1 and a gate start signal STV
from the timing controller 170. The second level shifter 160
receives the output enable signal OF, a second gate clock
CPV2and the gate start signal STV from the timing controller
170. The second gate clock CPV2 is a clock having a delayed
phase of the first gate clock CPV1. The phase difference
between the first and second gate clocks CPV1 and CPV2
corresponds to an interval when the gate driving signals pro-
vided to adjacent gate lines overlap each other. The gate start
signal STV indicates the start of one frame.

[0038] The first level shifter 150 generates a start pulse
STVP of gate-on and gate-off voltage levels, a first gate clock
pulse CKV1, and a first gate clock bar pulse CKVB1 in
response to a gate control signal. The second level shifter 160
generates the start pulse STVP of gate-on and gate-off voltage
levels, a second gate clock pulse CKV?2, and a second gate
clock bar pulse CK VB2 in response to the gate control signal.
The start pulse STVP enables the gate driving circuits 130 and
140 to generate a first gate driving signal of a frame. The first
and second gate clock bar pulses CKVB1 and CKVB2 have
phases that are the inverse of those of the first and second gate
clock pulses CKV1 and CKV2 and can be used to increase the
speed of driving the gate lines.

[0039] The first level shifter 150 provides the generated
start pulse STVP, first gate clock pulse CKV1 and first gate
clock bar pulse CKVB1 to the first gate driving circuit 130 via
the data driving circuit 120. The second level shifter 160
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provides the generated start pulse STVP, second gate clock
pulse CKV2 and second gate clock bar pulse CKVB2 to the
second gate driving circuit 140 via the data driving circuit
120.

[0040] The first and second level shifters 150 and 160 of the
present embodiment, unlike those of the related art, generate
the same start pulse STVP and provide the generated start
pulse STVP to the first and second gate driving circuits 130
and 140. Each of the first and second gate driving circuits 130
and 140 having received the start pulse STVP generates a gate
driving signal and then provides the gate driving signal to the
corresponding gate line.

[0041] FIG. 3 is an exemplary circuit diagram of the first
level shifter shown in FIG. 2.

[0042] Referring to FIG. 3, the first level shifter 150
includes first, second and third level shifting units 152, 154,
and 156.

[0043] The first level shifting unit 152 performs a logical
operation on the output enable signal OF and the first gate
clock CPV1 and amplifies a voltage level to generate the first
clock pulse CKV1. The first level shifting unit 152 then
supplies the first clock pulse CKV1 to the first gate driving
circuit 130. For this, the first level shifting unit 152 includes a
logical operation unit [LG1, a driving inverter INV1, and a
full-swing inverter 153.

[0044] The logical operation unit LG1 performs an OR
operation on the output enable signal OF and the first gate
clock CPV1. The driving inverter INV1 inverts the phase of
the output of the logical operation unit LG1 and then ampli-
fies the inverted output to a level sufficient to drive the full-
swing inverter 153. The full-swing inverter 153 generates the
first gate clock pulse CKV1 of gate-on and gate-off voltage
levels in response to the output of the driving inverter INV1.
[0045] Thesecond level shifting unit 154 performs a logical
operation on the output enable signal OF and the first gate
clock CPV1 and amplifies a voltage level to generate the first
gate clock bar pulse CKVBI. The second level shifting unit
154 then supplies the first gate clock bar pulse CKVBI1 to the
first gate driving circuit 130. For this, the second level shifting
unit 154 includes a logical operation unit LG2, an inversion
inverter INV2, a driving inverter INV3, and a full-swing
inverter 155. The first gate clock bar signal CKVB is a phase-
inverted clock of the first gate clock pulse CKV1.

[0046] The logical operation unit LG2 performs an OR
operation on the output enable signal OF and the first gate
clock CPV1. The inversion inverter INV2 inverts the phase of
the output of the logical operation unit LG1. The driving
inverter INV3 inverts the phase of the output of the inversion
inverter INV2 and then amplifies the inverted output to a level
sufficient to drive the full-swing inverter 155. The full-swing
inverter 155 generates the first gate clock bar pulse CKVBI1 of
gate-on and gate-off voltage levels in response to the output of
the driving inverter INV3.

[0047] The third level shifting unit 156 receives the output
enable signal OF and the gate start signal STV and then
generates the start pulse STVP of gate-on and gate-off voltage
levels. The start pulse STVP has the same cycle and same
pulse width as the gate start pulse STV and also has a voltage
of gate-on and gate-off voltage levels.

[0048] The second level shifter 160 is substantially similar
to the first level shifter 150, and therefore, further detailed
description thereof will be omitted for brevity.

[0049] FIG. 4 is a block diagram of an exemplary embodi-
ment of first and second gate driving circuits shown in FIG. 2.
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[0050] Referring to FIG. 4, the first and second gate driving
circuits 130 and 140 are arranged adjacent to the left and right
sides of the display area to dually drive gate lines GI.1to GLn.
The first and second gate driving circuits 130 and 140 con-
figure a symmetric structure based on the gate lines GL1 to
GLn.

[0051] The first gate driving circuit 130 includes a line unit
134 and a circuit unit 132. The line unit 134 receives various
signals from the data driving circuit 120 and then delivers the
received signals to the circuit unit 132. The circuit unit 132
sequentially outputs gate driving signals in response to the
various signals delivered via the line unit 134.

[0052] The circuit unit 132 includes a shifter register hav-
ing a plurality of stages STAGE1 to STAGEn+2 dependently
connected to each other. The first to n” stages STAGE1 to
STAGEn are electrically connected to the first to n gate lines
GL1 to GLn to sequentially output the gate driving signals.
The (n+1)” stage STAGEn+l and the (n+2)" stage
STAGEn+2 are dummy stages, where n is an even number.
[0053] Each of'the stages STAGE1 to STAGEn+2 includes
a first clock terminal CK1, a second clock terminal CK2, an
input terminal IN, a control terminal CT, an output terminal
OUT, a reset terminal RE, a carry terminal CR, and a ground
voltage terminal VSS.

[0054] The first gate clock pulse CKV1 is supplied to the
first clock terminal CK1 of each of the stages STAGE],
STAGES, . . ., and STAGEn-1 among the odd-numbered
stages STAGE1 to STAGEn+2. The first gate clock bar pulse
CKVB1is supplied to the second clock terminal CK2 of each
of the stages STAGE1, STAGES, . . ., and STAGEn-1 among
the odd-numbered stages STAGE1 to STAGEn+2. The first
gate clock bar pulse CKVBI is supplied to the first clock
terminal CK1 of each of the stages STAGE3, STAGET, .. .,
and STAGEn+1 among the odd-numbered stages STAGE1 to
STAGEn+2. The first gate clock pulse CKV1 is supplied to
the second clock terminal CK2 of each of the stages STAGE3,
STAGE7, . . ., and STAGEn+1 among the odd-numbered
stages STAGE1 to STAGEn+2.

[0055] The input terminal IN of each of the odd-numbered
stages STAGEL, STAGE3, .. ., and STAGEn+1 is connected
to the carry terminal CR of a previous odd-numbered stage
and is provided with a carry signal of the previous odd-
numbered stage. The control terminal CT of each of the
odd-numbered stages STAGE1, STAGE3, . . . , and
STAGEn+1 is connected to the output terminal OUT of a next
odd-numbered stage and then provided with an output signal
of the next odd-numbered stage. Since the first odd stage
STAGE1 is not provided with a previous stage, the start pulse
STVP is supplied to the input terminal IN of the first stage
STAGE1. The carry signal output from the carry terminal CR
functions to drive the next odd-numbered stage.

[0056] The start pulse STVP is supplied to the control ter-
minal CT of the dummy stage STAGEn+1 which provides the
carry signal to the control terminal CT of the (n-1)" stage
STAGEn-1. The gate-off voltage VOFF is provided to the
ground voltage terminal VSS of each of the odd stages
STAGE1, STAGES3, .. ., and STAGEn+1, and anoutput signal
of the (n+1)? stage STAGEn+1 is supplied to the reset termi-
nal RE of each of the odd stages STAGE1, STAGE3, ..., and
STAGEn+l.

[0057] The output terminal OUT of each of the odd-num-
bered stages STAGE1, STAGES, . .. ,and STAGEn-1 outputs
the first gate clock pulse CKV1 as the gate driving signal and
the carry terminal CR of each of the odd-numbered stages
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STAGE1, STAGES, . . . and STAGEn-1 outputs the first gate
clock pulse CKV1 as the carry signal. The output terminal
OUT ofeach of the odd-numbered stages STAGE3, STAGE?,
..., and STAGEn+1 outputs the first gate clock bar pulse
CKVBI1 as the gate driving signal and the carry terminal CR
of each of the odd-numbered stages STAGE3, STAGE7, . ..
and STAGEn+1 outputs the first gate clock bar pulse CKVB1
as the carry signal.

[0058] Thesecond gateclock pulse CKV2 is supplied to the
first clock terminal CK1 of each of the stages STAGE2,
STAGEG, ..., and STAGEn among the even-numbered stages
STAGE2, STAGE4, .. ., and STAGEn+2, and the second gate
clock bar pulse CKVB2 is supplied to the second clock ter-
minal CK2 of each of the stages STAGE2, STAGES, . . .,
STAGEn. The second gate clock bar pulse CKVB2 is sup-
plied to the first clock terminal CK1 of each of the stages
STAGE4, STAGES, . . . STAGEn+2 among the even-num-
bered stages STAGE2, STAGEA4, . . ., and STAGEn+2, and the
second gate clock pulse CK'V2 is supplied to the second clock
terminal CK2 of each of the stages STAGE4, STAGES, . . .
STAGEn+2.

[0059] Theinput terminal IN of each of the even-numbered
stages STAGE2, STAGEA4, . . ., and STAGEn+2 is connected
to the carry terminal CR of a previous even-numbered stage
and then provided with the carry signal of the previous even-
numbered stage. The control terminal CT of each of the
even-numbered stages STAGE2, STAGE4, . . . , and
STAGEn+2 is connected to the output terminal OUT of a next
even-numbered stage and then provided with the output sig-
nal of the next even-numbered stage. Since the first even-
numbered stage STAGE2 is not provided with a previous
stage, the start pulse STVP is provided to the input terminal
IN of the first even-numbered stage STAGE2. The carry sig-
nal output from the carry terminal CR functions to drive the
next even-numbered stage.

[0060] The start pulse STVP is supplied to the control ter-
minal CT of the dummy stage STAGEn+2 which provides the
carry signal to the control terminal CT of the n” stage
STAGEn. The gate-off voltage VOFF is provided to the
ground voltage terminal VSS of each of the even-numbered
stages STAGE2, STAGE4, . . ., and STAGEn+2. The output
signal of the (n+2)™ stage STAGEn+2 is provided to the reset
terminal RE of each of the even-numbered stages STAGE?2,
STAGEA4, . . ., and STAGEn+2.

[0061] The output terminal OUT of each of the even-num-
bered stages STAGE2, STAGES, . . ., and STAGEn outputs
the second gate clock pulse CKV2 as the gate driving signal
and the carry terminal CR of each of the even-numbered
stages STAGE2, STAGES, . . . , and STAGEn outputs the
second gate clock pulse CKV2 as the carry signal. The output
terminal OUT of each of the even-numbered stages STAGEA4,
STAGES, .. ., and STAGEn+2 outputs the second gate clock
bar pulse CKVB2 as the gate driving signal and the carry
terminal of each of the even-numbered stages STAGE4,
STAGES, .. ., and STAGEn+2 outputs the second gate clock
bar pulse CKVB2 as the carry signal.

[0062] In the structure of the first gate driving circuit 130,
the odd-numbered stages STAGE1, STAGE3, . . ., and
STAGEn+1 operate in synchronization with the first gate
clock pulse CKV1 and the first gate clock bar pulse CKVBI,
and the even-numbered stages STAGE2, STAGE4, . . ., and
STAGEn operate in synchronization with the second gate
clock pulse CKV2 and the second gate clock bar pulse
CKVB2.
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[0063] The output terminals OUT of the stages STAGE1 to
STAGEn+2 of the first gate driving circuit 130 are connected
to the gate lines GL.1 to GLn formed in the display area and
sequentially supply the gate driving signal to the gate lines
GL1 to GLn to sequentially drive the gate lines GL1 to GLn.
[0064] The line unit 134 is provided in the vicinity of the
circuit unit 132. The line unit 134 includes a start pulse line
SL1, a first gate clock pulse line SL.2, a first gate clock bar
pulse line S1.3, a second gate clock pulse line SL4, a second
gate clock bar pulse line SL5, a ground voltage line SL6, a
first reset line SL7, and a second reset line SL8, which extend
in parallel with each other.

[0065] The start pulse line SL1 receives the start pulse
STVP from the first level shifter 150 and then provides the
received pulse to the input terminal IN of the first stage
STAGE1 and the control terminal CT of the (n+1)” stage
STAGEn+1. The first gate clock pulse line SL.2 receives the
first gate clock pulse CKV1 from the first level shifter 150 and
then provides the received pulse to the first clock terminal
CK1 of each of the stages STAGE1, STAGES, and
STAGEn-1 among the odd-numbered stages STAGEI1,
STAGE3, . . ., and STAGEn+1 and to the second clock
terminal CK2 of each of the odd stages STAGE3, STAGE7, .
.. and STAGEn+1.

[0066] The first gate clock bar pulse line SL3 receives the
first gate clock bar pulse CKVBI from the first level shifter
150 and provides the received pulse to the first clock terminal
CK1 of each of the stages STAGE1, STAGES, . . . and
STAGEn+1 among the odd-numbered stages STAGEI,
STAGES, . . ., and STAGEn+1 and to the second clock
terminal CK2 of each of the stages STAGE3, STAGET, . . .,
and STAGEn+1.

[0067] The second gate clock pulse line SL4 receives the
second gate clock pulse CKV2 from the second level shifter
160 and then provides the received pulse to the first clock
terminal CK1 of each of the stages STAGE2, STAGES, and
STAGEn among the even-numbered stages and to the second
clock terminal CK2 of each of the stages STAGE4, STAGES,
... and STAGEn+2.

[0068] The second gate clock bar pulse line SL5 receives
the second gate clock bar pulse CKVB2 from the second level
shifter 160 and provides the received pulse to the first clock
terminal CK1 of each of the stages STAGE4, STAGES, . . .,
and STAGEn+2 among the even-numbered stages and to the
second clock terminal CK2 of each of the stages STAGE2,
STAGES, . . ., and STAGEn.

[0069] The ground voltage line 816 receives the gate-off
voltage VOFF from the power supply 180 and then provides
the received voltage to the ground voltage terminal VSS of
each of the first to (n+2)™ stages STAGE1 to STAGEn+2.

[0070] The first reset line SL.7 provides the output signal of
the output terminal OUT of the (n+1)* stage STAGEn+1 to
the reset terminal RE of each of the odd-numbered stages
STAGEL1, STAGES, . . ., and STAGEn+1. The second reset
line SL8 provides the output signal of the output terminal
OUT of the (n+2)" stage STAGEn+2 to the reset terminal RE
of each of the even-numbered stages STAGE2, STAGE4, . ..
, and STAGEn+2.

[0071] The second gate driving circuit 140 is substantially
similar to the first gate driving circuit 130, and therefore,
further detailed description thereof is omitted for brevity.

[0072]
FIG. 4.

FIG. 5 is a circuit diagram of a first stage shown in
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[0073] Referring to FIG. 5, the first stage STAGE1 includes
a pull-up unit 132a, a pull-down unit 1325, a driving unit
132¢, a holding unit 1324, a switching unit 132e, and a carry
unit 132f

[0074] The pull-up unit 1324 pulls up the first gate clock
pulse CKV1 provided via the first clock terminal CK1 and
then outputs a gate driving signal GO1 via the output terminal
OUT. The pull-up unit 1324 includes a first transistor NT1
having a gate connected to a first node N1, a drain connected
to the first clock terminal CK1, and a source connected to the
output terminal OUT.

[0075] Thepull-down unit 1325 pulls down the gate driving
signal GO1 to the gate-off voltage VOFF provided via the
ground voltage terminal VSS in response to a gate driving
signal GO3 from the third stage. The pull-down unit 1325
includes a second transistor NT2 having a gate connected to
the control terminal CT, a drain connected to the output ter-
minal QUT, and a source connected to the ground voltage
terminal VSS.

[0076] The driving unit 132¢ turns on the pull-up unit 132a
in response to the start pulse STVP provided via the input
terminal IN or turns off the pull-up unit 1324 in response to
the gate driving signal GO3 of the third stage. For this, the
driving unit 132¢ includes a buffer unit, a charge unit, and a
discharge unit.

[0077] The buffer unit includes a third transistor NT3 hav-
ing a gate and drain connected commonly to the input termi-
nal IN and a source connected to the first node N1. The charge
unit includes a first capacitor C1 having a first electrode
connected to the first node N1 and a second electrode con-
nected to a second node N2. The discharge unit includes a
fourth transistor NT4 having a gate connected to the control
terminal CT, a drain connected to the first node N1, and a
source connected to the ground voltage terminal VSS.
[0078] When the start pulse STVP is input to the input
terminal IN, the third transistor NT3 is turned on and the first
capacitor C1 is charged with the start pulse STVP. When the
first capacitor C1 is charged over a threshold voltage of the
first transistor N'T1, the first transistor NT1 is turned on and
then outputs the first gate clock pulse CKV1, which is pro-
vided to the first clock terminal CK1, to the output terminal
OUT.

[0079] The potential of the first node N1 becomes boot-
strapped as much as the potential variation of the second node
N2 by coupling of the first capacitor C1 according to an
abrupt potential change of the second node N2. So, the first
transistor NT1 is facilitated to output the first gate clock pulse
CKV1 applied to the drain to the output terminal OUT. The
first gate clock pulse CKV1 output to the output terminal
OUT becomes the gate driving signal GO1 provided to a gate
line. The start pulse STVP is used as a preliminary signal for
charging the first transistor NT1 to generate the first gate
driving signal.

[0080] Subsequently, when the fourth transistor NT4 is
turned on in response to the gate driving signal GO3 that is the
output signal of the third stage input via the control terminal
CT, charges in the first capacitor C1 are discharged to a
gate-off voltage level provided via the ground voltage termi-
nal VSS.

[0081] The holding unit 1324 includes fifth and sixth tran-
sistors NT5 and N'T6 for holding the gate driving signal GO1
at the gate-off voltage level. The fifth transistor NT5 has a
gate connected to a third node N3, a drain connected to the
second node N2, and a source connected to the ground voltage
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terminal VSS. The sixth transistor NT6 has a gate connected
to the second clock terminal CK2, a drain connected to the
second node N2, and a source connected to the ground voltage
terminal VSS.

[0082] The switching unit 132e includes seventh to tenth
transistors NT7 to NT10 and second and third capacitors C2
and C3 to control the holding unit 1324. The seventh transis-
tor NT7 has a gate and drain connected to the first clock
terminal CK1 and a source connected commonly to a drain of
the ninth transistor NT9 and a gate of the eighth transistor
NT8. The eighth transistor NT8 has a drain connected to the
first clock terminal CK1, a gate connected to the drain via the
second capacitor C2, and a source connected to the third node
N3. The gate and source of the eighth transistor NT8 are
connected to each other via the third capacitor C3. The ninth
transistor NT9 has a drain connected to the source of the
seventh transistor NT7, a gate connected to the second node
N2, and a source connected to the ground voltage terminal
VSS. The tenth transistor NT10 has a drain connected to the
third node N3, a gate connected to the second node N2, and a
source connected to the ground voltage terminal VSS.
[0083] When the gate clock pulse CKV1 of a high state is
output to the output terminal OUT as the gate driving signal
GO1, the potential of the second node N2 is raised to a high
state. When the potential of the second node N2 is raised to
the high state, the ninth and tenth transistors NT9 and NT10
are turned on. In this case, although the seventh and eighth
transistors NT7 and NT8 are turned on by the first gate clock
pulse CKV1 provided to the first clock terminal CK1, signals
output from the seventh and eighth transistors NT7 and NT8
are discharged to the ground voltage via the ninth and tenth
transistors NT9 and NT10. Since the potential of the third
node N3 is maintained at a low state while the gate driving
signal GO1 of a high state is output, the fifth transistor NT5
can maintain the turned-off state.

[0084] Subsequently, the gate driving signal GO1 is dis-
charged via the ground voltage terminal VSS in response to
the driving signal GO3, which is input via the control terminal
CT, of the third stage. The potential of the second node N2
gradually falls to a low state. The ninth and tenth transistors
NT9 and NT10 are turned off and the potential of the third
node N3 is raised to a high state by signals output from the
seventh and eighth transistors NT7 and NT8. As the potential
ofthe third node N3 is raised, the fifth transistor NT5 is turned
on, and the potential of the second node N2 is discharged to
the gate-off voltage VOFF via the fifth transistor NT5.
[0085] When the sixth transistor NT6 is turned on by the
first gate clock bar pulse CKVBI provided via the second
clock terminal CK2, the potential of the second node N2 is
discharged via the ground voltage terminal VSS more surely.
[0086] Consequently, the fifth and sixth transistors NT5
and NT6 of the holding unit 1324 hold the potential of the
second node N2 at the gate-off voltage VOFF. The switching
unit 132¢ decides a timing point at which the fifth transistor
NTS5 is turned on.

[0087] The carry unit 132f includes an eleventh transistor
NT11 having a drain connected to the first clock terminal
CK1, a gate connected to the first node N1, and a source
connected to the carry terminal CR and includes a fourth
capacitor C4 connected between the gate and source of the
eleventh transistor NT11. The eleventh transistor NT11 is
turned on as the potential of the first node N1 is raised. The
eleventh transistor NT11 then outputs the first gate clock
pulse CKV1 input to its drain as a carry signal CASigl.
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Similarly, the fourth capacitor C4 turns on the eleventh tran-
sistor NT11 by charging the start pulse STVP. The carry
signal CASigl is provided to an input terminal of the second
stage to be used as the start pulse for driving the second stage.
[0088] The first stage STAGE1 further includes a ripple
preventing unit 132¢g and a reset unit 132%. The ripple pre-
venting unit 132g prevents the gate driving signal GO1 main-
taining the gate-off voltage VOFF from being rippled by
noises input via the input terminal IN. The ripple preventing
unit 132g includes twelfth and thirteenth transistors NT12
and NT13. The twelfth transistor NT12 has a drain connected
to the input terminal IN, a gate connected to the second clock
terminal CK2, and a source connected to the first node N1.
The thirteenth transistor NT13 has a drain connected to the
firstnode N1, a gate connected to the first clock terminal CK1,
and a source connected to the second node N2.

[0089] The reset unit 132/ includes a fourteenth transistor
NT14 having a drain connected to the first node N1, a gate
connected to the reset terminal RE, and a source connected to
the ground voltage terminal VSS. The fourteenth transistor
NT14 discharges the first node N1 to the gate-off voltage
VOFF in response to an output signal GOn+1, which is input
via the reset terminal RE, of the (n+1)” stage STAGEn+1.
Since the output ofthe (n+1)™ stage STAGEn+1 means an end
of one frame, the reset unit 132/ simultaneously discharges
the first nodes N1 of the odd-numbered stages STAGEL,
STAGE3, . . . STAGEn-1 when one frame ends.

[0090] The reset unit 132% resets the first nodes N1 of the
odd-numbered stages STAGE1, STAGE3, . . . , and
STAGEn+1 to the gate-off voltage VOFF by turning on the
fourteenth transistor NT14 of each of the odd-numbered
stages STAGE1, STAGES3, . . ., and STAGEn+1 by the output
signal of the (n+1)th stage STAGEn+1 after the gate driving
signals are sequentially output from the odd-numbered stages
STAGE1, STAGH3, . . ., and STAGEn+1. Hence, the odd-
numbered stages STAGE1, STAGE3, . .., and STAGEn+1 of
the circuit unit 132 can restart their operations in a reset state.
[0091] The second to (n+2)” stages shown in FIG. 4 are
substantially similar to first stage, and therefore, further
description thereof is omitted for brevity.

[0092] FIG. 6A and FIG. 6B are graphs for comparing
operations of gate driving circuits by start pulses in a related
art LCD and in an LCD according to one embodiment of the
present invention.

[0093] The operation of a gate driving circuit in correspon-
dence to a start pulse of the related art LCD is explained with
reference to FIG. 6A.

[0094] Referring to FIG. 6A, the gate driving circuit of the
related art LCD is driven by a first start pulse STVP1 for
driving a first odd-numbered stage and a second start pulse
STVP2 for driving a first even-numbered stage.

[0095] The second start pulse STVP2 is provided to an
input terminal of the first even-numbered stage after the first
start pulse STVP1 is provided to an input terminal of the first
odd-numbered stage. In particular, assuming that the time
during which a gate-on voltage VON supplied to a single gate
line is maintained at a high level state is ‘tON”, the second
start pulse STVP2 is provided after duration of “tON/2” after
the first start pulse STVP1 is provided. This is to compensate
for the charging ratio shortage due to the gate line delay
according to the manner of overlapping gate driving signals
provided to adjacent gate lines.

[0096] The first and second start pulses STVP1 and STVP2
are used only as preliminary signals N1sig and N2Sig for
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turning on the first transistors that are the pull-up units 132a
of the first odd-numbered stage and the first even-numbered
stage but do not affect timings of gate driving signals GO1
and GO2 that are output from the first odd-numbered stage
and the first even-numbered stages, respectively. This is
because the gate driving signals GO1 and GO2 are output
from the first odd-numbered stage and the first even-num-
bered stage in synchronization with the first and second gate
clock pulses CKV1 and CKV2, respectively.

[0097] The operation of a gate driving circuit in correspon-
denceto a start pulse ofan LCD according to one embodiment
of the present invention is explained with reference to FIG.
6B.

[0098] Referring to FIG. 6B, a gate driving circuit of an
LCD according to one embodiment of the present invention
drives the first odd-numbered stage and the even-numbered
stage using a single start pulse STVP.

[0099] The start pulse STVP may be the same pulse as the
related art first start pulse STVP1. The rising timing point of
the start pulse STV P is equal to that of the related art first start
pulse STVP1, and the falling timing point thereof is prior to
inputting the second gate clock pulse CKV2 to an input tet-
minal of the first even-numbered stage.

[0100] The start pulse STVP is simultaneously provided to
the input terminals of the first odd-numbered stage and the
first even-numbered stage. The first odd-numbered stage gen-
erates a preliminary signal N1 sig for turning on the first
transistor of the first odd-numbered stage in advance by
charging the start pulse STVP to the first capacitor of the first
odd-numbered stage and outputs the gate driving signal GO1
in synchronization with the first gate clock pulse CKV1. The
first even-numbered stage generates a preliminary signal
N2sig for turning on the first transistor of the first even-
numbered stage in advance by charging the start pulse STVP
to the first capacitor of the first even-numbered stage and
outputs the gate driving signal GO2 in synchronization with
the second gate clock pulse CKV2.

[0101] The first capacitor of the first even-numbered stage
generates the preliminary signal N2sig for turning on the first
transistor by starting charging at a timing point of charging
the first capacitor of the first odd-numbered stage with the
start pulse STVP. Namely, the first capacitor of the first even-
numbered stage keeps charging until the second gate clock
pulse CKV2 of a high state is input in addition to the time
during which the first capacitor of the first odd-numbered
stage keeps charging to generate the preliminary signal.
When the second gate clock pulse CKV2 of a high state is
input, the first even-numbered stage outputs it as the gate
driving signal GO2.

[0102] Hence, the LCD according to one embodiment of
the present invention becomes operative in a manner that the
first odd-numbered stage and the first even-numbered stage
share a single start pulse STVP. Thus, the space for integrat-
ing lines for providing the first and second start pulses of the
related art can be reduced to a half.

[0103] FIG. 7 is a block diagram of another exemplary
embodiment of the first and second gate driving circuits
shown in FIG. 2.

[0104] Referring to FIG. 7, a first gate driving circuit 130
includes a line unit 134 for receiving various signals from the
data driving circuit and a circuit unit 132 sequentially output-
ting gate driving signals in response to the various signals
delivered by the line unit 134.
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[0105] The circuit unit 132 includes a plurality of stages
STAGE1 to STAGEn+2 dependently connected to one
another. An output signal of the (n+2)™ stage STAGEn+2 is
provided to areset terminal RE of each of a plurality of stages
STAGE1 to STAGEn+2.

[0106] The line unit 134 includes a start pulse line SL1, a
first gate clock pulse line SI.2, a first gate clock bar pulse line
SL3, a second gate clock pulse line SL4, a second gate clock
bar pulse line SL5, a ground voltage line SL.6, and a reset line
SL7. The reset line SL7 provides an output signal of an output
terminal OUT of the (n+2)” stage STAGEn+2 to the reset
terminals RE of the stages STAGEL to STAGEn+2.

[0107] In other words, the first gate driving circuit 130
according to another embodiment of the present invention has
a structure in which the odd-numbered stages STAGEI,
STAGES3, ..., and STAGEn+1 and the even-numbered stages
STAGE2, STAGES4, . . ., and STAGEn+2 share a single reset
signal. Since the second driving circuit 140 is substantially
similar to the first gate driving circuit 130, further detailed
description thereof is omitted for brevity.

[0108] FIG. 8A and FIG. 8B are graphs for comparing
operations of gate driving circuits in a related art LCD and in
an LCD according to another embodiment of the present
invention.

[0109] Referring to FIG. 8A, in a gate driving circuit of a
related art LCD, odd-numbered stages STAGE1, STAGFS3, ..
., and STAGEn+1 are reset by a first reset signal RST1 that is
an output signal of the (n+1)” stage STAGEn+1 and even-
numbered stages STAGE2, STAGE4, .. ., and STAGEn+2 are
reset by a second reset signal RST2 that is an output signal of
the (n+2)” stage STAGEn+2.

[0110] Referring to FIG. 8B, in a gate driving circuit of an
LCD according to another embodiment of the present inven-
tion, the odd-numbered stages STAGE1, STAGES, . . ., and
STAGEn+1 and the even-numbered stages STAGE2,
STAGEA4, .. ., and STAGEn+2 are simultaneously reset by a
single reset signal RST that is an output signal of the (n+2)™
stage STAGEn+2.

[0111] The reset signal RST indicates an end of one frame
and discharges the first nodes N1 by turning on the fourteenth
transistors NT14 of the stages (see FIG. 5). So, although the
odd-numbered stages STAGE1, STAGE3, . . . , and
STAGEn+1 are reset by providing the output signal of the
(n+2)m stage as the reset signal RST to the reset terminals RE
of the odd-numbered stages STAGE1, STAGE3, . . ., and
STAGEn+1, a problem of timing is not generated.

[0112] Hence, the LCD according to another embodiment
of the present invention becomes operative in a manner that
the odd-numbered stages STAGE1, STAGE3, . . . , and
STAGEn+1 and the even-numbered stages STAGE2,
STAGE4, ..., and STAGEn+2 share a single reset signal RST.
Thus, the space for integrating lines for providing the firstand
second reset signals of the related art can be reduced into a
half.

[0113] The pull-up unit 132z of the (n+2)”* stage
STAGEn+2 of each of the first and second driving circuits 130
and 140 shown in FIG. 7 includes a transistor having a size
larger than the first transistor NT1 of each of the first to
(n+l)m stages STAGEL to STAGEn+! as the pull-up unit
132a. This is because the pull-up unit 132a of the (n+2)*
stage STAGEn+2 performs a function of stabilizing the gate-
off voltage VOFF supplied to gate lines by simultaneously
driving the transistors NT14 configuring the reset units 1327
of the first to (n+2)” stages STAGE1 to STAGEn+2.
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[0114] The first transistor NT1 configuring the pull-up unit
132a of the (n+2)” stage STAGEn+2 is desirable to have a
size about 2 to 2.5 times larger than that of the transistor
configuring the pull-up unit 132« of each of the first to (n+1)%
stages STAGE1 to STAGEn+1. The first transistor NT1 con-
figuring the pull-up unit 132« of the (n+2)” stage STAGEn+2
is configured to have a size about 2.3 times larger than that of
the transistor configuring the pull-up unit 1324 of each of the
first to (n+1)" stages STAGE1 to STAGEn+1.

[0115] FIG. 9is a graph showing an output waveform of an
(n+2)” stage of each of the first and second gate driving
circuits shown in FIG. 7.

[0116] Referring to FIG. 9, the odd-numbered stages
STAGE1, STAGE3, and STAGEn+1 and the even-numbered
stages STAGE2, STAGE4, . . ., and STAGEn+2 are simulta-
neously reset by a single reset signal RST that is an output
signal of the (n+2)” stage STAGEn+2. Since the reset signal
RST is generated by the pull-up unit including a transistor
having a size about 2.5 times lager than that of the transistor
configuring the pull-up unit of each of the first to (n+1)™
stages, it can be observed that the reset signal RST is the
signal having driving capability greater than that of the gate
driving signal generated by the pull-up unit of each of the first
to (n+1)” stages STAGEI to STAGEn+1.

[0117] As described above, the present invention reduces
signal lines connected to a gate driving circuit by sharing a
start pulse of a dual gate driving circuit and an output signal of
a dummy stage, thereby reducing the integrated space of the
signal line. Since the existing LCD panel and existing equip-
ment for an LCD panel process can be used due to the reduced
integrated space, the fabricating costs of the LCD panel can
be reduced.

[0118] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers 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. A gate driving circuit comprising:

a circuit unit having a plurality of stages dependently con-
nected to each other to output a gate clock pulse or a gate
clock bar pulse as a gate driving signal for each of the
gate lines in response to a single start pulse; and

a line unit having a start pulse line receiving the start pulse
to provide the received start pulse to an input terminal of
each of a first odd-numbered stage and a first even-
numbered stage of the stages,

wherein output terminals of the stages are connected to the
gate lines, respectively.

2. The gate driving circuit of claim 1, wherein odd-num-
bered stages of the stages output the gate clock pulse as the
gate driving signal and wherein even-numbered stages of the
stages output the gate clock bar pulse as the gate driving
signal.

3. The gate driving circuit of claim 2, wherein each input
terminal of the stages is connected to a carry terminal of a
previous stage and wherein each control terminal of the stages
is connected to an output terminal of a next stage.

4. The gate driving circuit of claim 3, wherein the odd-
numbered stages include a first dummy stage having the carry
terminal connected to the control terminal of the last odd-
numbered stage and wherein the even-numbered stages
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include a second dummy stage having the carry terminal
connected to the control terminal of the last even-numbered
stage.

5. The gate driving circuit of claim 4, wherein the line unit
comprises:

a first reset line connecting an output terminal of the first
dummy stage to a reset terminal of each of the odd-
numbered stages; and

a second reset line connecting an output terminal of the
second dummy stage to a reset terminal of each of the
even-numbered stages.

6. The gate driving circuit of claim 4, wherein the line unit
includes a reset line connecting an output terminal of the
second dummy stage to reset terminals of the stages and
wherein the second dummy stage provides areset signal to the
reset line via the output terminal.

7. The gate driving circuit of claim 6, wherein the second
dummy stage includes a pull-up transistor for providing the
reset signal and wherein the pull-up transistor has a size larger
than that of a pull-up transistor of each of the other stages.

8. A liquid crystal display comprising:

a timing controller generating an output enable signal, a
gate clock, and a single start signal in response to an
external input signal;

alevel shifter generating a gate clock pulseand a gate clock
bar pulse in response to the output enable signal and the
gate clock and generating a single start pulse in response
to the start signal and the gate clock; and

first and second gate driving circuits outputting the gate
clock pulse or the gate clock bar pulse as a gate driving
signal to be provided to a plurality of gate lines in
response to the single start pulse.

9. The liquid crystal display of claim 8, wherein the first
and second gate driving circuits are integrated on a liquid
crystal display panel having the gate lines formed thereon and
are formed at both ends of the gate lines to dually drive the
gate lines.

10. The liquid crystal display of claim 9, wherein each of
the first and second gate driving circuits includes a plurality of
stages dependently connected to each other and wherein out-
put terminals of the stages are connected to the gate lines,
respectively.

11. The liquid crystal display of claim 10, wherein each of
odd-numbered stages of the stages outputs the gate clock
pulse as the gate driving signal and wherein each of even-
numbered stages of the stages outputs the gate clock bar pulse
as the gate driving signal.

12. The liquid crystal display of claim 11, wherein an input
terminal of each of the stages is connected to a carry terminal
of a previous stage and wherein a control terminal of each of
the stages is connected to an output terminal of a next stage.

13. The liquid crystal display of claim 12, wherein the
odd-numbered stages include a first dummy stage having a
carry terminal connected to a control terminal of the last
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odd-numbered stage and wherein the even-numbered stages
include a second dummy stage having a carry terminal con-
nected to a control terminal of the last even-numbered stage.

14. The liquid crystal display of claim 13, wherein a reset
terminal of each of the odd-numbered stages is connected to
an output terminal of the first dummy stage and wherein a
reset terminal of each of the even-numbered stages is con-
nected to an output terminal of the second dummy stage.

15. The liquid crystal display of claim 13, wherein a reset
terminal of each of the stages is connected to an output ter-
minal of the second dummy stage.

16. The liquid crystal display of claim 15, wherein the
second dummy stage includes a pull-up transistor connected
to the reset terminal and wherein the pull-up transistor has a
size larger than that of a pull-up transistor of each of the other
stages.

17. The liquid crystal display of claim 9, further compris-
ing a power supply for supplying a gate-on voltage and a
gate-off voltage to the level shifter and wherein the level
shifter outputs the gate clock pulse, the gate clock bar pulse
and the start pulse as a gate-on voltage level and a gate-off
voltage level.

18. The liquid crystal display of claim 17, wherein the level
shifter comprises:

a first level shifting unit outputting the gate clock pulse by
performing a logical operation on the output enable sig-
nal and the gate clock and amplifying a voltage level;
and

a second level shifting unit outputting the gate clock bar
pulse by performing a logical operation on the output
enable signal and the gate clock, inverting a phase, and
amplifying a voltage level.

19. The liquid crystal display of claim 18, wherein the first

level shifting unit comprises:

alogical operation unit performing an OR operation on the
output enable signal and the gate clock;

a driving inverter inverting the phase of the output of the
logical operation unit and amplifying it; and

a full-swing inverter generating the gate clock pulse of the
gate-on voltage level and the gate-off voltage level in
response to an output of the driving inverter.

20. The liquid crystal display of claim 18, wherein the

second level shifting unit comprises:

alogical operation unit for performing an OR operation on
the output enable signal and the gate clock;

an inversion inverter inverting the phase of the output of the
logical operation unit;

a driving inverter inverting the phase of the output of the
inversion inverter and amplifying it; and

a full-swing inverter generating the gate clock bar pulse of
the gate-on voltage level and the gate-off voltage level in
response to an output of the driving inverter.
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