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A gate driving circuit including a plurality of stages depen-
dently connected to one another. Each stage comprises a gate
pad formed at one end of a gate line; a pull-up transistor
outputting a gate driving signal for driving the gate line; a
capacitor formed with a dielectric substance disposed
between a first electrode connected to a gate electrode of the
pull-up transistor and a second electrode connected to a drain
electrode of the pull-up transistor; a first connecting electrode
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(22) Filed: Jan. 4, 2008 voltage level of the gate driving signal; a switching transistor
connected to the pull-up transistor and the capacitor to control
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GATE DRIVING CIRCUIT, LIQUID CRYSTAL
DISPLAY HAVING THE SAME, AND
MANUFACTURING METHOD FOR THIN
FILM TRANSISTOR SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority to
Korean Patent Application No. 10-2007-0001536, filed on
Jan. 5, 2007 in the Korean Intellectual Property Office, the
disclosure of which is hereby incorporated herein by refer-
ence in its entirety for all purposes.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) and more specifically, to a gate driving circuit, a
liquid crystal display having the same, and a method of manu-
facturing a thin film transistor substrate, capable of prevent-
ing damage by an electrostatic discharge in a fabrication
process of a liquid crystal display panel.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display comprises a lig-
uid crystal display panel for displaying an image. The liquid
crystal display panel includes a display area displaying an
image and a peripheral area adjacent to the display area. The
display area consists of a plurality of gate lines, a plurality of
data lines, and a plurality of pixels. Each of the pixels consists
of a thin film transistor and a liquid crystal capacitor. Mean-
while, the peripheral area consists of a gate driving circuit
supplying a gate driving signal to gate lines and a data driving
circuit supplying a data driving signal to data lines.

[0006] The gate driving circuitis simultaneously formed in
the peripheral area of the liquid crystal display panel by the
same fabrication process as that of the thin film transistor. The
gate driving circuit includes a pull-up transistor supplying the
gate driving signal to the gate line, a capacitor boot-strapping
a pulse for turning on the pull-up transistor, a holding tran-
sistor connected to an output terminal of the pull-up transistor
to maintain a voltage level of the gate driving signal, and a
switching transistor turned off through the gate driving signal
from the pull-up transistor to turn on the holding transistor. In
this way, the gate driving circuit is connected to the pixel area
of the liquid crystal display through the output terminal of the
pull-up transistor and the gate line.

[0007] Meanwhile, in a fabrication process of the liquid
crystal display, the gate line and a gate electrode of the gate
driving circuit are simultaneously formed to form a gate metal
pattern group. After the gate metal pattern group is formed, an
electrostatic discharge generated in the pixel area is intro-
duced into a gate pad formed at one end of the gate line
through the gate line. As aresult, the electrostatic discharge is
introduced into the switching transistor of the gate driving
circuit connected to the gate pad. At this time, the electrostatic
discharge introduced into the switching transistor causes
damage to the metal pattern of the gate driving circuit at its
dense portion.

SUMMARY OF THE INVENTION

[0008] The present invention provides a gate driving cir-
cuit, a liquid crystal display having the same, and a method of
manufacturing a thin film transistor substrate capable of pre-
venting damages by an electrostatic discharge introduced
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from a display area of a liquid crystal display panel in a
fabrication process of the liquid crystal display panel.
[0009] According to one aspect of the present invention, a
gate driving circuit comprises a plurality of stages depen-
dently connected to one another, wherein each stage com-
prises a gate pad formed at one end of a gate line; a pull-up
transistor outputting a gate driving signal for driving the gate
line; a capacitor formed with a dielectric substance disposed
between a first electrode connected to a gate electrode of the
pull-up transistor and a second electrode connected to a drain
electrode of the pull-up transistor; a first connecting electrode
connecting the gate pad to the second electrode; a holding
transistor connected to the pull-up transistor to maintain a
voltage level of the gate driving signal; a switching transistor
connected to the pull-up transistor and the capacitor to control
the holding transistor through the gate driving signal; and a
second connecting electrode connecting the second electrode
to the gate electrode of the switching transistor.

[0010] According to another aspect of the present inven-
tion, the liquid crystal display comprises a liquid crystal
display panel formed with gate lines and data lines to display
an image; a data driving circuit to drive the data lines; and a
gate driving circuit formed with a plurality of stages to drive
the gate lines, wherein each stage comprises a gate pad
formed at one end of a gate line; a pull-up transistor output-
ting a gate driving signal for driving the gate line; a capacitor
formed with a dielectric substance disposed between a first
electrode connected to a gate electrode of the pull-up transis-
tor and a second electrode connected to a drain electrode of
the pull-up transistor; a first connecting electrode connecting
the gate pad to the second electrode; a holding transistor
connected to the pull-up transistor to maintain a voltage level
of the gate driving signal; a switching transistor connected to
the pull-up transistor and the capacitor to control the holding
transistor through the gate driving signal; and a second con-
necting electrode connecting the second electrode to the gate
electrode of the switching transistor.

[0011] According to still another aspect, a method of manu-
facturing a thin film transistor substrate comprises forming a
gate metal pattern including a gate line, a gate pad, a first
electrode, a contact portion, a signal supply line, and a gate
electrode on the substrate; forming an insulating layer on the
gate metal layer; forming a semiconductor layer including an
active layer and an ohmic contact layer on the insulating
layer; forming a data metal pattern including a second elec-
trode and a drain electrode on the semiconductor layer; form-
ing a protecting layer on the data metal layer and forming a
contact hole to expose the second electrode, the gate pad and
the contact portion, the drain electrode; and forming the sec-
ond electrode, the gate pad, and the contact portion exposed
through the contact hole, a connecting electrode connected to
the drain electrode, and a pixel electrode on the protecting
layer.

[0012] Herein, the forming the gate metal pattern is spaced
apart from the gate pad by more than the width of the gate line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The features of the present invention will become
more apparent in light of the following description and the
attached drawings, in which:

[0014] FIG. 1 is a block diagram showing an embodiment
of the present invention;

[0015] FIG. 2 is a block diagram showing the first and
second gate driving circuits shown in FI1G. 1,
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[0016] FIG. 3 is a circuit of the first stage shown in FIG. 2;
[0017] FIG.41saplanview of the structure of the first stage
shown in FIG. 3;

[0018] FIGS. 5A and 5B are cross-sectional views taken
along line I-I' in FIG. 4;

[0019] FIG. 6 is a plan view of an exemplary structure of a
gate metal pattern of the first stage shown in FIG. 4;

[0020] FIG. 7A is a plan view of a thin film transistor
substrate according to an embodiment of the present inven-
tion;

[0021] FIG. 7B is a cross-sectional view taken along line
1-I' of FIG. 7A,
[0022] FIG. 7C is a cross-sectional view taken along line

II-IT' of FIG. 7A;

[0023] FIG. 8A is a plan view showing a step in the method
of manufacturing the thin film transistor substrate according
to an embodiment of the present invention; and.

[0024] FIGS. 8B to 8P are cross-sectional views showing
steps in a method of manufacturing the thin film transistor
substrate according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0025] The present invention is described more fully here-
inafter with reference to FIGS. 1 to 8P, in which exemplary
embodiments of the invention are shown.

[0026] FIG.1isablock diagram of a liquid crystal display
according to an embodiment of the present invention,

[0027] As shown in FIG. 1, the liquid crystal display com-
prises a liquid crystal display panel 110, a data driving circuit
120, gate driving circuits 130 and 140, level shifters 150 and
160, a timing controller 170, and a power supply 180.
[0028] The liquid crystal display panel 110 comprises a
TFT substrate 112 and a color filter substrate 114 combined
with each other. The liquid crystal display panel 110 includes
a liquid crystal layer (not shown) which is driven by an
electric field generated between the TFT substrate 112 and the
color filter substrate 114 to control an amount of light passing
through the liquid crystal layer.

[0029] The color filter substrate 114 comprises a black
matrix formed in a matrix on a transplant insulating substrate
such as glass, red, green, and blue color filters formed in the
area defined by the black matrix, and a common electrode
applying a common voltage to the liquid crystal.

[0030] The TFT 112 includes a display area DA and first
and second peripheral areas PA1 and PA2. The display area
DA includes gate lines GL1, .. ., GLn, data lines DL1, . . .,
DLm, and a plurality of pixels arranged in a matrix in which
the gate lines and the data lines are connected to each other.
The first peripheral area PA1 includes gate driving circuits
130 and 140 driving the gate lines GL1, .. ., GLn. The second
peripheral area PA2 includes a data driving circuit 120 driving
the datalines DL1, . .., DLm. Herein, the first peripheral area
PA1 indicates an area adjacent to one end of the gate lines
GL1,...,GLn, and the second peripheral area PA2 indicates
an area adjacent to one end of the data lines DL1, . .., DLm.
[0031] The pixel area includes a TFT T connected to the
gate lines GL1, . .., GLn and the data lines DL1, . .., DLm,
a liquid crystal capacitor Cle connected to the TFT T, and a
storage capacitor Cst. A gate electrode and a source electrode
ofthe TFT T are connected to the gate lines GL1, . .., GLnand
the data lines DL1, . . ., DLm, respectively, and a drain
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electrode of the TFT T is connected to the liquid crystal
capacitor Clc and the storage capacitor Cst.

[0032] Theliquid crystal capacitor Cle is formed by a pixel
electrode (not shown) formed on the TFT substrate 112, a
common electrode (not shown) formed on the color filter
substrate 114, and a liquid crystal layer disposed between the
pixel electrode and the common electrode. Further, the stor-
age capacitor Cst is formed by the pixel electrode, a storage
electrode line (not shown) formed on the TFT substrate 112 to
face the pixel electrode, and an insulating layer (not shown)
disposed between the pixel electrode and the storage elec-
trode line.

[0033] The gate driving circuits 130 and 140 are integrately
formed at least at one end of the gate lines GL1, ..., GLnin
the first peripheral area PA1 of the liquid crystal display panel
110. Herein, the gate driving circuits 130 and 140 are inte-
grated atbothends of the gate lines GL1, . . ., GLnand formed
as the first and second gate driving circuits 130 and 140. More
specifically, the first and second gate driving circuits 130, and
140 are simultaneously formed in the first peripheral area PA1
along with the TFT T with the same a fabrication process as
that of the TFT T formed in the display area DA. Outputs of
the first and second gate driving circuits 130 and 140 are
connected to each of the gate lines GL1, . . ., GLn. The first
and second gate driving circuits 130 and 140 sequentially
supply a gate driving signal at both ends of the gatelines GL1,
..., GLn to drive the gate lines GL1, ..., GLn.

[0034] The data driving circuit 120 receives a data control
signal and data from a timing controller 170, and selects an
analog driving voltage corresponding to the data to supply the
gray-scale voltage to the data lines DL1, . .., DLm. The data
driving circuit 120 is formed with an integrated chip, and
mounted in the second peripheral area PA2 of the TFT sub-
strate 112. The data driving circuit 120 is connected to the
timing controller 170 and the power supply 180 through a
flexible printed circuit board 102 connected to the second
peripheral area PA2. Herein, the data driving circuit 120 is not
limited to be formed in the second peripheral area PA2 of the
TFT substrate 112, but may be formed with a tape carrier
package (TCP) method.

[0035] Thelevel shifters 150 and 160 receive a gate control
signal from the timing controller 170 and a driving voltage
from the power supply 180 to generate a signal driving the
first and second driving circuits 130 and 140, and then supply
the signal to the first and second gate driving circuits 130 and
140. Herein, the level shifters 150 and 160 are formed as first
and second level shifters 150 and 160 supplying a driving
signal to the first and second driving circuits 130 and 140,
respectively.

[0036] Thetimingcontroller 170 receives data and an input
control signal from an external source to generate gate control
signals and a data control signals, and then supply the gate
control signals and the data control signals to the first and
second level shifters 150 and 160 and the data driving circuit
120. Herein, the data indicates RGB image signals and the
input control signal includes a vertical synchronizing signal
VSYNC, a horizontal synchronizing signal HSYNC, a main
clock MCLK, and a data enable signal DE.

[0037] The power supply 180 generates an analog driving
voltage AVDD, a common voltage VCOM, and a gate driving
voltage using a source voltage received from an external
source. The power supply 180 supplies the data driving circuit
120 with the analog driving voltage AVDD, supplies the com-
mon electrode of the liquid crystal display panel 110 with the
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common voltage VCOM, and supplies the level shifters 150
and 160 with the gate driving voltage.

[0038] The timing controller 170, the first and second level
shifters 150 and 160, and the power supply 180 are mounted
on the printed circuit substrate 104. The printed circuit sub-
strate 104 is connected to the second peripheral area PA2 of
the TFT substrate 112 through the flexible circuit substrate
102. The gate driving circuits 130 and 140 formed on the
liquid crystal display panel 110 are connected to the timing
controller 170 and the power supply 180 through the data
driving circuit 120 or the flexible circuit substrate 102.
[0039] FIG.2isablock diagram of the firstand second gate
driving circuits shown in FIG. 1.

[0040] Asshown in FIG. 2, the first and second gate driving
circuits are positioned adjacent to opposite sides of the dis-
play area DA to drive the gate lines GL1, . . ., GLn which
terminate on both opposite sides.

[0041] The first and second gate driving circuits 130 and
140 have a structure symmetric to each other with respect to
the gate lines GL1, . .. ,GLn. Each ofthe first and second gate
driving circuits 130 and 140 includes a wiring portion 134
receiving and delivering signals from the data driving circuit
120 and a circuit portion 132 sequentially outputting the gate
driving signal in response to the signals.

[0042] The circuit portion 132 is comprised of a shift reg-
ister having a plurality of stages STGI, . . . , STG(n+1)
connected to one another. Each of the first to the (n+1)th
stages STG1, . . ., STG(n+1) connected to one another in the
circuit portion 132 is electrically connected to sequentially
output the gate driving signal. The (n+1)th stage STG(n+1)
indicates a dummy stage. Herein, n is an even number.
[0043] Each of the stages STG1, . .., STG(n+1) includes
first and second clock terminals CK1 and CK2, an input
terminal IN, a control terminal CT, an output terminal OUT,
aresetterminal RE, a carry terminal CR, and a ground voltage
terminal VSS.

[0044] Inodd-numbered stages STG1, STG3,. .., STG(n+
1) among the stages STG1, . . ., STG(n+1), the first clock
terminal CK1 receives a gate clock pulse CKV and the second
clock terminal CK2 receives a gate clock bar pulse CKVB. In
even-numbered stages STG2, STG4, . . ., STGn among the
stages STG1, . . ., STG(n+1), the first clock terminal CK1
receives a gate clock bar pulse CKVB and the second clock
terminal CK2 receives a gate clock pulse CKV.

[0045] The input terminal IN of each of the stages STG1, .
.., STG(n+1) is connected to the carry terminal CR of a
previous stage to receive a carry signal of the previous stage,
and the control terminal CT is connected to the output termi-
nal OUT of a next stage to receive the output signal of the next
stage. The input terminal IN of the first stage STG1 receives
a start pulse STVP because there exist no a previous stage.
The carry signal outputted from the carry terminal CR drives
the next stage.

[0046] It is preferable that the control terminal CT of the
dummy stage STG(n+1) supplying the control terminal CT of
the nth stage STGn with a carry signal receives a start pulse
STVP. The ground voltage terminal VSS of the stages STG1,
..., STG(n+1) receives the ground voltage VOFF and the
reset terminal RE receives the output signal of (n+1)th stage
STG(n+1).

[0047] Further, the output terminals OUT of the odd-num-
bered stages STG1, STG3, .. ., STG(n+1) among the stages
STG, . .., STG(n+1) output the gate clock pulse CKV as a
gate driving signal and the carry terminals CR thereof output
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the gate clock pulse CKV as a carry signal. The output termi-
nals OUT of the even-numbered stages STG2, STG4, . . .,
STGn among the stages STG1, . .., STG(n+1) output the gate
clock bar pulse CKVB as a gate driving signal and the carry
terminals CR thereofoutput the gate clock bar pulse CKVB as
acarry signal. In other words, the first gate driving circuit 130
outputs the gate driving signals by synchronizing the gate
clock pulse CKV with the odd-numbered stages STGI,
STG3, . .., STG(n+1), and synchronizing the gate clock bar
pulse CKVB with the even-numbered stages STG2, STG4, .
.., STGn.

[0048] The output terminals OUT of the stages STG1, .. .,
STGn of the first gate driving circuit 130 are connected to the
gate lines GL1, . . ., GLn formed in the display area DA,
respectively to sequentially supply the gate driving signal to
the gate lines GL1, . . ., GLn to sequentially drive the gate
lines GL1, ..., GLn.

[0049] The wiring portion 134 is formed adjacent to the
circuit portion 132. The wiring portion 134 includes a start
pulse wiring SL1, a gate clock pulse wiring SL2, a gate clock
bar pulse wiring SL3, a ground voltage wiring ST 4, and a
reset wiring SL5, which are extended parallel to one another.
[0050] The start pulse wiring SI.1 receives the start pulse
STVP from the first level shifter 150 and delivers the start
pulse STVP to the input terminal of the first stage STG1 and
the control terminal CT of the (n+1)th stage STG{n+1).
[0051] The gate clock pulse wiring SL2 receives the gate
clock pulse CKV from the first level shifter 150 and delivers
the gate clock pulse CKV to the first clock terminals CK1 of
the odd-numbered stages STG1, STG3, . . ., STG(n+1) and
the second clock terminals CK2 of the even-numbered stages
STG2, STGY, .. ., STGn

[0052] The gate clock bar pulse wiring SL3 receives the
gate clock bar pulse CKVB from the first level shifter 150 and
delivers the gate clock bar pulse CKV to the second clock
terminals CK2 of the odd-numbered stages STG1, STG3, . ..
, STG(n+1) and the first clock terminals CK1 of the even-
numbered stages STG2, STG4, . .., STGn.

[0053] Theground voltage wiring SL4 receives the gate-off
voltage VOFF from the power supply 180 and delivers the
gateoff voltage VOFF to the ground voltage terminal VSS of
the first to (n+1)th stages STG1, . . ., STG(n+1).

[0054] The reset wiring SL5 supplies the reset terminal RE
of the stages STG1, . . ., STG(n+1) with the output signal of
the output terminal OUT of the (n+1)th stage STG(n+1) as a
reset signal REsig.

[0055] The second gate driving circuit 140 is symmetric to
the first gate driving circuit 130 with respect to the gate lines
GL1, ..., GLn. Accordingly, the second gate driving circuit
140 has the same configuration as that of the first gate driving
circuit 130, and therefore the detailed description of the sec-
ond gate driving circuit 140 will be omitted.

[0056] The gate driving circuits 130 and 140 are not limited
to the first and second gate driving circuits 130 and 140 in
accordance with the exemplary embodiment of the present
invention, but may be formed with one gate driving circuit.
Herein, the first gate driving circuit 130 is positioned adjacent
to one end of the display area DA to drive the gate lines GL1,
..., GLn at one end of the display area DA. The second gate
driving circuit 140 has the same configuration as that of the
first gate driving circuit 130, and therefore the detailed
description of the second gate driving circuit 140 is not
required.
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[0057] Further, the gate driving circuits 130 and 140 may be
formed such that the odd-numbered stages STG1, STG3, . ..
, STG(n+1) of the first gate driving circuit 130 are formed at
one end of the gate lines GL1, . . ., GLn and the even-
numbered stages STG2, STG4, .. ., STGn of the second gate
driving circuit 140 are formed at the other end of the gate lines
GL1,...,GLn. Then the odd-numbered stages STG1, STG3,
..., STG(n+1) and the even-numbered stages STG2, STG4,
..., STGn may be alternately driven. The second gate driving
circuit 140 receives the gate clock pulse CKV outputted from
the output terminal OUT of the first stage STG1 of the first
gate driving circuit 130 through the input terminal IN of the
second stage STG2 and the control terminal CT of the nth
stage STGn instead of receiving the start pulse STVP at the
first stage of the even-numbered stages STG2, STG4, . . .,
STGn. An operation of each of the odd-numbered stages
STG1, STG3, .. ., STG(n+1) and the even-numbered stages
STG2, STG4, . . ., STGn of the gate driving circuits 130 and
140 is the same as that of the first gate driving circuit 130, and
therefore the detailed description thereof will be omitted.

[0058] FIG. 3 is a circuit diagram for explaining the first
stage shown in FIG. 2.

[0059] Herein, the first stage has the same configuration as
each of the second to the (n+1)th stages, and therefore only
configuration of the first stage will be described except for
that of the second to the (n+1)th stages.

[0060] Asshown in FIG. 3, the first stage includes a pull-up
portion 1324, a pull-down portion 1325, a driving portion
132¢, a holding portion 1324, a switching portion 132¢, and a
carry portion 132f

[0061] The pull-up portion 132a pulls up the gate clock
pulse CKV supplied through the first clock terminal CK1 to
be output as the gate driving signal through the output termi-
nal OUT. The pull-up portion 132a includes a first transistor
NT1 with a gate electrode connected to a first node N1, a
source electrode connected to the first clock terminal CK1,
and a drain electrode connected to the output terminal OUT.
The first transistor NT1 represents a pull-up transistor pulling
up the gate clock pulse CKV. And the first transistor NT1
supplies the gate line of the pixel area with the gate driving
signal through the output terminal OUT.

[0062] The pull-down portion 1326 pulls down the gate
driving signal pulled up in response to the carry signal from
the second stage to the gate-off voltage VOFF supplied
through the ground voltage terminal VSS. The pull-down
portion 1325 includes a second transistor NT2 with a gate
electrode connected to a control terminal CT, a drain elec-
trode connected to the output terminal OUT, and a source
electrode connected to the ground voltage terminal V'SS.

[0063] The driving portion 132¢ turns on the pull-up por-
tion 132a in response to the start pulse STVP supplied
through the input terminal IN and turns off in response to the
carry signal of the second stage. For doing so, the driving
portion 132¢ includes a buffer portion, a charging portion,
and a discharging portion.

[0064] The buffer portion includes a third transistor NT3
with a gate electrode and a source electrode connected com-
monly to the input terminal IN and a source electrode con-
nected to a first node N1. The charging portion includes a first
capacitor C1 with a first electrode connected to the first node
N1 and a second electrode connected to a second node N2.
The discharging portion includes a fourth transistor NT4 with
agate electrode connected to the control terminal CT, a source
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electrode connected to the first node N1, and a drain electrode
connected to the ground voltage terminal VSS.

[0065] When the input terminal IN receives the start pulse
STVP, the third transistor NT3 is turned on responsive
thereto, and the start pulse STVP is charged in the first capaci-
tor C1. When a voltage higher than a threshold voltage of the
firsttransistor NT1 is charged in the first capacitor C1, the first
transistor NT1 is turned on to supply the gate clock pulse
CKYV supplied to the first clock terminal CK1 to the output
terminal OUT. At this time, the potential of the first node N1
is bootstrapped by a variation of the potential of the second
node N2 by a coupling of the first capacitor C1 in response to
avariation of the potential of the second node N2. Therefore,
the first transistor NT1 allows the first gate clock pulse CKV
applied to the source electrode to be output through the output
terminal OUT. Herein, the start pulse STVP uses the first
transistor NT1 as a preparatory charging signal so as to gen-
erate the first gate driving signal. When the fourth transistor
NT4 is turned on in response to the carry signal of the second
stage inputted through the control terminal CT, the charges in
the first capacitor C1 are discharged to the level of the gate-off
voltage VOFF supplied through the ground voltage terminal
VSS. The gate clock pulse CKV supplied to the output ter-
minal OUT becomes the gate driving signal supplied to the
gate line.

[0066] The holding portion 1324 includes fifth and sixth
transistors NT5 and NT6 holding the gate driving signal to the
level of the gate-off voltage VOFF. The fifth transistor NT5
has a gate electrode connected to a third node N3, a source
electrode connected to the second node N2, and a drain elec-
trode connected to the ground voltage terminal VSS. The
sixth transistor NT6 has a gate electrode connected to the
second clock terminal CK2, a source electrode connected to
the second node N2, and a drain electrode connected to the
ground voltage terminal VSS.

[0067] The switching portion 132e includes seventh,
eighth, ninth, and tenth transistors NT7, NT8,NT9, and NT10
and second and third capacitors C2 and C3, and controls
driving of the holding portion 132d. The seventh transistor
NT7 has gate and drain electrodes connected to the first clock
terminal CK1 and a source electrode connected to the third
node N3 through the third capacitor C3. The eighth transistor
NT8 has a source electrode connected to the first clock ter-
minal CK1, a gate electrode connected to the source electrode
through the second capacitor C2, and a drain electrode con-
nected to the third node N3 and the gate electrode through the
third capacitor C3. The ninth transistor NT9 has a drain elec-
trode connected to the source electrode of the seventh tran-
sistor NT7, a gate electrode connected to the second node N2,
and a source electrode connected to the ground voltage ter-
minal VSS. The tenth transistor NT10 has a source electrode
connected to the third node N3, a gate electrode connected to
the second node N2, and a drain electrode connected to the
ground voltage terminal VSS.

[0068] When a high level of the gate clock pulse CKV is
output as the gate driving signal to the output terminal OUT,
the electric potential of the second node N2 becomes a high
level. When the potential of the second node N2 becomes a
high level, the ninth and tenth transistors NT9 and NT10 are
switched to a turn-on state. At this time, although the seventh
and eighth transistors NT7 and N'T8 are switched to a turn-on
state by the gate clock pulse CKV supplied to the first clock
terminal CK1, the signal output from the seventh and eighth
transistors N'T7 and N'T8 are discharged to the ground voltage
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VOFF through the ninth and tenth transistors NT9 and NT10.
Accordingly, while a high level of the gate driving signal is
output, the potential of the third node N3 maintains a low level
and thus the fifth transistor NT5 maintains a turn-off state.
The gate driving signal is discharged through the ground
voltage terminal VSS in response to the carry signal of the
second stage inputted through the control terminal CT, and
the potential of the second node N2 gradually goes down to a
low level. Accordingly, the ninth and tenth transistors NT9
and NT10 are switched to a turn-off state, and the potential of
the third node N3 goes up to a high level by the signal
outputted from the seventh and eighth transistors NT7 and
NT8. As the potential of the third node N3 increases, the fifth
transistor NT5 is turned on and the potential of the second
node N2 is discharged to a ground voltage VOFF through the
fifth transistor NT5.

[0069] Inthis state, when the sixth transistor N'T6 is turned
on by the gate clock bar pulse CKVB supplied to the second
clock terminal CK2, the potential of the second node N2 is
discharged through the ground voltage terminal VSS.

[0070] The fifth and sixth transistors NT5 and NT6 of the
holding portion 1324 hold the potential of the second node N2
to the ground voltage VOFF. The fifth transistor NT5 repre-
sents a holding transistor.

[0071] The switching portion 132e determines the timing
when the fifth transistor NT5 is turned on. The fifth transistor
NTS5 of the switch portion 132e represents a switching tran-
sistor.

[0072] The carry portion 132fincludes an eleventh transis-
tor NT11 with a drain electrode connected to the first clock
terminal CK1, a gate electrode connected to the first node N1,
and a source electrode connected to the carry terminal CR.
The eleventh transistor NT11 is turned on and supplies the
gate clock pulse CKV inputted to the drain electrode to the
carry terminal CR.

[0073] The first stage further includes a ripple preventing
portion 132g and a reset portion 132%. The ripple preventing
portion 132g prevents the gate driving signal maintained at
the ground voltage VOFF from being rippled by a noise
inputted through the input terminal IN. The ripple preventing
portion 132g includes a twelfth transistor NT12 and a thir-
teenth transistor NT13. The twelfth transistor NT12 has a
source electrode connected to the input terminal IN, a gate
electrode connected to the second clock terminal CK2, and a
drain electrode connected to the first node N1. The thirteen
transistor NT13 has a drain electrode connected to the first
node N1, a gate electrode connected to the first clock terminal
CK1, and a source electrode connected to the second elec-
trode N2.

[0074] The reset portion 132/ includes a fourteenth tran-
sistor NT14 with a source electrode connected to the pull-up
portion 1324 through the first node N1, a gate electrode
connected to the reset terminal RE, and a drain electrode
connected to the ground voltage terminal VSS. The four-
teenth transistor NT14 discharges a noise inputted through
the input terminal IN in response to the reset signal which is
an output signal ofthe (n+1)th stage inputted through the reset
terminal RE. The reset portion 1327 resets the first node N1 of
each of the stages STG1, . . ., STGn to the ground voltage
VOFF by turning on the fourteenth transistor NT14 of each of
the stages STG1, . .., STGn. Then, the stages STG1, . . .,
STG(n+1) of the circuit portion 132 can operate at an initial
state again.
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[0075] Meanwhile, the first transistor NT1 of the pull-up
portion 132 and the tenth transistor NT10 of the switching
portion 132¢ are connected through the second node N2.
Herein, when an electrostatic discharge generated in the pixel
area through the output terminal OUT connected to the gate
line is introduced, the electrostatic discharge is also intro-
duced into the first transistor NT1 and the tenth transistor
NT10 through the second node N2. At this time, introducing
the electrostatic discharge into the first transistor NT1 and the
tenth transistor NT10 causes damages on a circuit. Therefore,
an introduction of the electrostatic discharge should be pre-
vented by forming the first transistor NT1 and the second
node N2 such that they are not directly connected to each
other at the gate level.

[0076] Herein, an exemplary structure of the first stage for
preventing an introduction of the electrostatic discharge in
accordance with an embodiment of the present invention is
described below in detail with reference to FIGS. 4 and 5.
[0077] FIG. 4 is a plan view for explaining an exemplary
structure of the first stage shown in FIG. 3, and FIGS. 5A and
5B are cross-sectional views taken along line I-I' shown in
FIG. 4. Herein, a partial configuration of the first stage in
accordance with an embodiment of the present invention is
described.

[0078] Asshown in FIG. 4, the first stage includes a capaci-
tor 210 having a first electrode 211 and a second electrode
231, a gate pad 213 formed at one end of the gate line 214 and
connected to the second electrode 231 through a first connect-
ing electrode 251, and a contact portion 215 connected to the
switching transistor through a signal supply line 216 and
connected to the second electrode 231 through the second
connecting electrode 252. Herein, the capacitor 210 corre-
sponds to the first capacitor C1 shown in FIG. 3.

[0079] The capacitor 210 is formed by sequentially depos-
iting the first electrode 211, an insulating layer 220 function-
ing as a dielectric substance, and the second electrode 231.
The capacitor 210 is connected to the gate pad 213 to receive
the gate driving signal outputted from the pull-up transistor
and supply the gate driving signal to the gate line 214. The
capacitor 210 is connected to the contact portion 215 con-
nected to the switching transistor.

[0080] Thecapacitor210, as shown in FIG. 5B, may further
include an active layer 221 formed on the insulating layer
220. Herein, the active layer 221 functions as a dielectric
substance like the insulating layer 220. The active layer 221
prevents a defect such as a short by a foreign substance
between the first electrode 221 and the second electrode 231.
[0081] The gate pad 213 is formed at one end of the gate
line 214 extending from the pixel area. Herein, the gate pad
213 is spaced apart from the first electrode 211 of the capaci-
tor 210 by more than the width of the gate line 214. The gate
pad 213 is connected to the second electrode 231 of the
capacitor 210 through the first connecting electrode 251. The
gate pad 213 supplies the gate line 214 with the gate driving
signal.

[0082] The contact portion 215 is disposed between the
capacitor 210 and the gate pad 213. The contact portion 215 is
connected to the switching transistor through a signal wiring
line 216. Herein, the contact portion 215 is spaced apart from
the gate pad 213 by a distance L. It is preferable that L is
formed to be more than the width of the gate line 214.
[0083] The first stage further includes a protecting layer
241 forming on the second electrode 231 and the insulating
layer 220.
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[0084] The first connecting electrode 251 is connected to
the capacitor 210 and the gate pad 213 through the first and
second contact holes 242 and 243 of the protecting layer 241.
The second connecting electrode 252 is connected to the
capacitor 210 and the contact portion 215 through third and
fourth contact holes 244 and 245. By doing so, the gate pad
213 and the contact portion 215 are not connected through a
conductive material on the same plane, and electrically con-
nected using the capacitor 210 and the first and second con-
necting electrodes 251 and 252.

[0085] The distance L of the contact portion 215 is
described below in detail with reference to FIG. 6.

[0086] FIG. 6is a plan view of an exemplary structure of a
gate metal pattern of the first stage shown in FIG. 4.

[0087] As shown in FIG. 6, the contact portion 215 is
spaced apart from the gate pad 213 by the distance L. For
example, the distance L is not limited, but it is preferable that
the contact portion 215 is formed to be as large as possible
considering the distance between the capacitor 210 and the
gate pad 213 so that an electrostatic discharge generated in the
pixel area and introduced into the gate pad 213 through the
gate line 214 is not introduced into the contact portion 215. In
this way, the contact portion 215 is not connected to the
capacitor 210 and the gate pad 213 at the gate level, thereby
preventing an introduction of the electrostatic discharge.
[0088] Meanwhile, the signal supply line 216 is connected
to the contact portion 215 and the gate electrode of the switch-
ing transistor.

[0089] Herein, a method of manufacturing the TFT sub-
strate in accordance with an embodiment of the present inven-
tion will now be described in detail with reference to FIGS.
7A to 8P.

[0090] FIG. 7A is a plan view of the TFT substrate in
accordance with an embodiment of the present invention,
FIG. 7B is a cross-sectional view taken along line I-I' shown
in FIG. 7A, and FIG. 7C is a cross-sectional view taken along
line II-IT' shown in FIG. 7A.

[0091] Referring to FIGS. 7A to 7C, a method of manufac-
turing the TFT substrate includes forming a gate metal pattern
including the gate line 214, the gate pad 213, the first elec-
trode 211, the contact portion 215, the signal supply line 216,
and the gate electrode 217 on the substrate 201, forming the
insulating layer 220 on the gate metal pattern, forming a
semiconductor layer including the active layer 221 and an
ohmic contact layer 223 on the insulating layer 220, forming
a data metal pattern including the second electrode 231 and
the source and drain electrodes 233 and 234 on a semicon-
ductor layer, forming a protecting layer 241 on the data metal
pattern and forming the contact holes 242, 243, 244, 245, and
246 so that the second electrode 231, the gate pad 213, the
contact portion 213, and the drain electrode 234 are exposed,
and forming the connecting electrodes 251 and 252 and the
pixel electrode 255 which are connected to the second elec-
trode 231, the gate pad 213, the contact portion 215, and the
drain electrode 234 exposed through the contact holes 242,
243, 244, 245, and 246 on the protecting layer 241.

[0092] A method of manufacturing the TFT substrate will
now be described in detail with reference to FIGS. 8A to 8P.
[0093] FIGS. 8A to 8P are a plan view and cross-sectional
views for explaining a method of manufacturing the TFT
substrate in accordance with an embodiment of the present
invention.

[0094] Asshownin FIGS. 8A to 8C, forming the gate metal
layer including the gate line 214, the gate pad 213, the first
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electrode 211, the contact portion 215, the signal supply line
216, the gate electrode 217 on the substrate 201 is described
below.

[0095] More specifically, the gate metal pattern including
the gate line 214, the first electrode 211, the gate pad 213, the
contact portion 215, and the signal supply line 216 constitut-
ing the gate driving circuit is formed. At this time, the gate
metal pattern is formed by forming a gate metal layer by a
deposition method such as a sputtering, etc. and then pattern-
ing the gate metal layer by photolithographic and etching
processes. Herein, the substrate 201 generally uses a trans-
parent insulating glass such as glass or plastic.

[0096] At the same time, the gate metal pattern including
the gate line 214 and the gate electrode 217 counstituting a
pixel TFT are formed.

[0097] The gate line 214 is formed by extending from the
pixel area to a gate driving circuit area, and the gate pad 213
is formed at end of the gate line 214. The first electrode 211 is
spaced apart from one end of the gate pad 213 by a predeter-
mined distance. The contact portion 215 is disposed between
the gate pad 213 and the first electrode 211. The signal supply
line 216 connects one end thereof to the contact portion 215
and the other end thereof to the gate electrode of the switching
transistor. Further, the gate electrode 217 is connected to the
gate line 214 and formed to be protruded at one end extending
from the gate line 214.

[0098] Forming the gate metal pattern may cause an elec-
trostatic discharge in the gate line 214 of the pixel area due to
an electric property by fabrication circumstance. In this case,
the electrostatic discharge moves to the gate pad 213 formed
at one end of the gate line 214 through the gate line 214.
[0099] The contact portion 215 is spaced apart from the
gate pad 213 by the distance L. It is preferable that the dis-
tance L represents more than the width of the gate line 214 so
that the electrostatic discharge moved to the gate pad 213 is
not introduced into the contact portion 215. Generally, con-
sidering that the width of the gate line 214 is formed to be
about 4 um, it is preferable that the contact portion 215 is
spaced apart from the gate pad 213 by more than 4 pm but it
is not limited thereto.

[0100] Further, it is preferable that the distance between the
gate pad 213 and the first electrode 211 is more than the width
of the gate line 214.

[0101] Next, as shown in FIGS. 8D and 8E, forming the
insulating layer 220 on the substrate 201 having the gate
metal pattern by a plasma enhanced chemical vapor deposi-
tion (PECVD) method, etc. will now be described. Herein, the
insulating layer 220 is formed by depositing an insulating
material such as SiOx or SiNx on the whole surface of the
substrate 201. By doing so, the insulating layer 220 covers the
gate metal pattern formed on the substrate 201 to insulate the
gate metal pattern.

[0102] As shown in FIGS. 8F and 8G, forming the semi-
conductor layer including the active layer 221 and the ohmic
contact layer 223 on the substrate 201 with the insulating
layer 200 formed thereon will be described. At this time, the
active layer 221 constituting the gate driving circuit is formed
to overlap the first electrode 211.

[0103] Theactive layer 221 and the ohmic contact layer 223
are formed by being deposited with amorphous silicon and
doped amorphous silicon, respectively, and then etched.

[0104] Next, as shown in FIGS. 8H to 81, forming the data
metal pattern including the second electrode 231, the data line
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232, the source electrode 233, and the drain electrode 234 on
the substrate 201 including the semiconductor layer will now
be described.

[0105] More specifically, the data metal pattern is formed
by forming the metal layer by a deposition method such as a
sputtering method, etc. on the substrate 201 including the
semiconductor layer, and then patterning the metal layer by
photolithographic and etching processes. The second elec-
trode 231 is patterned to overlap the first electrode 211. By
doing so, the capacitor 210 with the insulating layer 220
disposed between the first and second electrodes 211 and 231
is formed.

[0106] At the same time, the pixel TFT is formed by form-
ing the source electrode 233 and the drain electrode 234 on
the ohmic contact layer 233 in the pixel area.

[0107] Next, as shown in FIGS. 8K and 8M, forming the
protecting layer 241 and the first to the fifth contact holes 242,
243, 244, 245, and 246 on the substrate 201 including the data
metal pattern will now be described.

[0108] The protecting layer 241 is formed by a deposition
method such as PECVD or a spin coating method. The first,
third, and fifth contact holes 242, 244, and 246 penetrating the
protecting layer 241 and the second and fourth contact holes
243 and 245 penetrating the protecting layer 241 and the
insulating layer 220 are formed by photolithographic and
etching processes using a mask. The first to fifth contact holes
242,243, 244, 245, and 246 expose parts of the second elec-
trode 231, the gate pad 213, the contact portion 215, and the
drain electrode 234.

[0109] The protecting layer 241 is formed of an inorganic
material such as SiNx or SiOx for insulation, or an organic
material such as acryl, polyimid, or benzocyclobutene
(BCB).

[0110] Next, as shown in FIGS. 8N and 8P, forming the first
and second electrodes 251 and 252 of the gate driving circuit
and the pixel electrode 255 of the pixel area on the protecting
layer 241 will now be described.

[0111] The first and second connecting electrodes 251 and
252 and the pixel electrode 255 are formed of a transparent
conductive material by a sputtering method, etc. on the pro-
tecting layer 241. The first and second connecting electrodes
251 and 252 and the pixel electrode 255 are formed of a
transparent conductive material such as 1TO (Indium Tin
Oxide), 170 (Indium Zinc Oxide) or TO (Tin Oxide). The first
and second connecting electrodes 251 and 252 and the pixel
electrode 255 are formed by patterning the transparent con-
ductive material by photolithographic and etching processes
using a mask.

[0112] The first and second connecting electrodes 251 and
252 are connected to the second electrode 231 and the gate
pad 213, and the contact portion 215 through the first to fourth
contact holes 242, 243,244, and 245. The pixel electrode 255
is connected to the drain electrode 234 through the fifth con-
tact hole 246.

[0113] As described above, the gate driving circuit and the
liquid crystal display having the same in accordance with
embodiments of the present invention prevent the electro-
static discharge generated in the pixel area from introducing
into the gate driving circuit by forming the gate pad and the
contact portion connected to the second electrode and the
connecting electrode. As a result, the present invention pre-
vents the gate driving circuit from being damaged by the
electrostatic discharge and a driving failure of the liquid crys-
tal display.
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[0114] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A gate driving circuit comprising:

a plurality of stages each stage comprising:

a gate pad formed at one end of a gate line;

a pull-up transistor outputting a gate driving signal for
driving the gate line;

a capacitor formed with a dielectric substance disposed
between a first electrode connected to a gate electrode
of the pull-up transistor and a second electrode con-
nected to a drain electrode of the pull-up transistor;

a first connecting electrode connecting the gate pad to
the second electrode;

aholding transistor connected to the pull-up transistor to
maintain a voltage level of the gate driving signal;

aswitching transistor connected to the pull-up transistor
and the capacitor to control the holding transistor
through the gate driving signal; and

a second connecting electrode connecting the second
electrode to the gate electrode of the switching tran-
sistor.

2. The gate driving circuit of claim 1, further comprising a
contact portion connected to the gate electrode of the switch-
ing transistor through a signal supply line to be apart by a
predetermined distance from the gate pad, wherein the con-
tact portion is connected to the second electrode through the
second connecting electrode.

3. The gate driving circuit of claim 1, wherein the dielectric
substance is formed of an insulating layer insulating the gate
line.

4. The gate driving circuit of claim 3, wherein the dielectric
substance further comprises an active layer.

5. The gate driving circuit of claim 3, wherein the contact
portion is spaced apart from the gate pad by more than a width
of the gate line.

6. The gate driving circuit of claim 5, wherein the contact
portion is spaced apart from the gate pad by the distance of
more than 4 pm.

7. The gate driving circuit of claim 5, wherein the contact
portion is disposed between the first electrode and the gate
pad.

8. The gate driving circuit of claim 5, wherein the gate pad
is spaced apart from the first electrode by more than a width
of the gate line.

9. A liquid crystal display comprising:

a liquid crystal display panel including gate lines and data

lines;

a data driving circuit to drive the data lines; and

a gate driving circuit formed with a plurality of stages to

drive the gate lines, wherein each stage comprises a gate

pad formed at one end of a gate line; a pull-up transistor
outputting a gate driving signal for driving the gate line;

a capacitor formed with a dielectric substance disposed

between a first electrode connected to a gate electrode of

the pull-up transistor and a second electrode connected
to a drain electrode of the pull-up transistor; a first con-
necting electrode connecting the gate pad to the second
electrode; a holding transistor connected to the pull-up
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transistor to maintain a voltage level of the gate driving
signal; a switching transistor connected to the pull-up
transistor and the capacitor to control the holding tran-
sistor through the gate driving signal; and a second con-
necting electrode connecting the second electrode to the
gate electrode of the switching transistor.

10. The liquid crystal display of claim 9, further compris-
ing:

apower supply adapted to generate a voltage for driving the

data and gate driving circuits utilizing a voltage received
from an external source;

atiming controller generating gate and data control signals

to control the gate and data lines; and

a level shifter receiving the gate and data control signals

from the timing controller and the gate driving voltage
from the power supply and generating a signal driving
the gate driving circuit.

11. The liquid crystal display of claim 9, further compris-
ing a contact portion connected to a gate electrode of the
switching transistor through a signal supply line spaced apart
from the gate pad by a predetermined distance, wherein the
contact portion is connected to the second connecting elec-
trode.

12. The liquid crystal display of claim 9, wherein the
dielectric substance is formed of an insulating layer insulat-
ing the gate line.

13. The liquid crystal display of claim 12, wherein the
dielectric substance further comprises an active layer.

14. The liquid crystal display of claim 12, wherein the
contact portion is spaced apart from the gate pad by more than
a width of the gate line.

15. The liquid crystal display of claim 14, wherein the
contact portion is spaced apart from the gate pad by the
distance of more than 4 pm.
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16. The liquid crystal display of claim 14, wherein the
contact portion is disposed between the first electrode and the
gate pad.

17. The liquid crystal display of claim 14, wherein the gate
pad is spaced apart from the first electrode by more than the
width of the gate line.

18. The liquid crystal display of claim 9, wherein the gate
driving circuit is formed at at least one end of the gate line.

19. A method of manufacturing a thin film transistor sub-
strate, comprising;
forming a gate metal pattern including a gate line, a gate
pad, a first electrode, a contact portion, a signal supply
line, and a gate electrode on a substrate;

forming an insulating layer on the gate metal layer;

forming a semiconductor layer including an active layer
and an ohmic contact layer on the insulating layer;

forming a data metal pattern including a second electrode
and a drain electrode on the semiconductor layer;

forming a protecting layer on the data metal layer and
forming a contact hole to expose the second electrode,
the gate pad, the contact portion, and the drain electrode;
and

forming a connecting electrode and a pixel electrode con-
nected to the second electrode, the gate pad, the contact
portion and the drain electrode exposed through the
contact hole.

20. A method of claim 19, wherein the forming the gate
metal pattern comprises forming the gate metal pattern such
that it is spaced apart from the gate pad by more than a width
of the gate line.
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