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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

This application claims the benefit of the Korean Appli-
cation No. P2003-101001 filed on Dec. 30, 2003, and No.
P2004-0077795 filed on Sep. 30, 2004, which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD) device, and more particularly, to an LCD device
having an electrostatic prevention circuit and a method for
fabricating the same by using a diffraction exposure process.

2. Discussion of the Related Art

Demands for various display devices have increased with
the development of information society. Accordingly, many
efforts have been made to research and develop various
types of flat display devices, such as liquid crystal display
(LCD), plasma display panel (PDP), electroluminescent
display (ELD), and vacuum fluorescent display (VED).
Some types of flat display devices have already been used as
displays in various applications.

Among the types of flat display devices, liquid crystal
display (LCD) devices have been most widely used due to
advantageous characteristics of thin profile, lightness in
weight, and low power consumption, whereby the LCD
devices provide a substitute for a Cathode Ray Tube (CRT).
In addition to mobile type LCD devices such as a display for
a notebook computer, LCD devices have been developed for
computer monitors and televisions to receive and display
broadcasting signals.

Despite various technical developments in the LCD tech-
nology having applications in different fields, research in
enhancing the picture quality of the LCD device has been,
in some respects, lacking as compared to other features and
advantages of the LCD device. In order to use LCD devices
in various fields as a general display, the key to developing
LCD devices depends on whether LCD devices can realize
a high quality picture, such as high resolution and high
luminance with a large-sized screen, while still maintaining
lightness in weight, thin profile, and low power consump-
tion.

In general, the LCD device includes an LCD panel for
displaying an image and a driver for supplying a driving
signal to the LCD panel. In addition, the LCD panel includes
first and second substrates bonded to each other. A liquid
crystal layer is positioned in a cell gap between the first and
second substrates. The first substrate (referred to as a TFT
array substrate) includes a plurality of gate lines arranged
along a first direction at fixed intervals, a plurality of data
lines arranged along a second direction perpendicular to the
first direction at fixed intervals, a plurality of pixel elec-
trodes arranged in a matrix-type configuration within pixel
regions defined by the gate and data lines, and a plurality of
thin film transistors transmit signals from the data lines to
the pixel electrodes in accordance with signals supplied to
the gate lines. The second substrate (referred to as a color
filter array substrate) includes a black matrix layer that
prevents a light leakage from portions of the first substrate
except at the pixel regions, an R/G/B color filter layer for
displaying various colors, and a common electrode for
producing an image. Alignment layers are respectively
formed on opposing surfaces of the first and second sub-
strates, wherein the alignment layers are rubbed to align the
liquid crystal layer. Then, the first and second substrates are
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bonded together by a sealant, and liquid crystal is injected
between the first and second substrates.

In the fabrication process of the aforementioned LCD
device, the LCD device may be damaged due to static
electricity. That is, since the static electricity applies high
energy to the LCD device in a short time (in several tens
nanoseconds), the LCD device may be damaged. Static
electricity has different characteristics depending on the
generation source of the electricity. There are different static
electricity generations including HBM (human body model),
MM (machine model), and CDM (charged device model).
Based on these models, electrostatic prevention circuits have
been actively developed.

The HBM is modeled on the case of the static electricity
induced by the human body. The MM is modeled on the
static electricity generated when electric charges of a trans-
port machine or a box are discharged to the LCD panel. The
CDM is modeled on the case of static electricity being
charged to the LCD panel by electricity generated by friction
during the transport or when the LCD panel is touched to a
socket or a conductor during the fabrication. Specific por-
tions of the substrate of the LCD panel, used as paths of
electricity discharge, are damaged due to such static elec-
tricity discharges.

Accordingly, it is prudent to provide an electrostatic
prevention circuit inside the LCD device such that internal
components of the LCD device are protected from the static
electricity. That is, the electrostatic prevention circuit pro-
tects the LCD device from static electricity. Also, while
driving the LCD device under normal circumstances, the
electrostatic prevention circuit should not interfere with or
disturb driving signals. Accordingly, the electrostatic pre-
vention circuit should have low impedance in a high voltage
state and high impedance in a low voltage state.

Hereinafter, an LCD device having an electrostatic pre-
vention circuit according to the related art will be described
with reference FIG. 1 and FIG. 2.

FIG. 1 is a schematic view of a substrate for an LCD
device having an electrostatic prevention circuit according
to the related art.

As shown in FIG. 1, a substrate 40 (TFT array substrate)
includes a plurality of gate G and data D lines crossing each
other, a plurality of pixel regions P defined by the gate and
data lines G and D formed in a display area 21 of the
substrate 40, a plurality of pixel electrodes formed in the
pixel regions P, a thin film transistor (not shown) formed in
a crossing portion of the gate line G and the data line D, a
common voltage line CL formed in a non-display area 22
surrounding the display area 21, and an electrostatic pre-
vention circuit 24 electrically connected between the gate
line G (or the data line D) and the common voltage line CL.
That is, the common voltage line CL serves as a transmission
line for transmitting common voltage to a common elec-
trode. For that, the common voltage line CL is electrically
connected with the common electrode (not shown) formed
on another substrate (color filter substrate) by the medium of
Ag dot. Also, liquid crystal is formed between the substrate
40 (TFT array substrate) and another substrate (color filter
substrate).

During the state of a normal driving voltage, the electro-
static prevention circuit 24 serves as a sufficiently large
resistance so as to have no effect on the internal driving of
the thin film transistor of the substrate 40. During the state
of an overvoltage generated by static electricity applied to
the substrate 40, that is, to the gate lines G or data lines D,
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the electrostatic prevention circuit 24 functions as a dis-
charge path. This will be described with reference to the
accompanying drawings.

FIG. 2 is an expanded view of portion ‘A’ of FIG. 1. FIG.
3 is an equivalent circuit view of FIG. 2.

As shown in FIG. 2 and FIG. 3, the electrostatic preven-
tion circuit 24 is comprised of first to third transistors T1 to
T3. That is, the first transistor Ti has a gate terminal and a
source terminal connected to the gate line G. The second
transistor T2 has a gate terminal and a drain terminal
connected to the common voltage line CL, and a source
terminal connected to a drain terminal of the first transistor
T1. The third transistor T3 has a gate terminal connected to
a common terminal formed by connecting the drain terminal
of the first transistor T1 and the source terminal of the
second transistor T2, a source terminal connected to the gate
line G, and a drain terminal connected to the common
voltage line CL.

On driving the LCD device under the normal circum-
stances, the driving voltage applied to the thin film transistor
through the common voltage line CL and the gate line G is
lower than the driving voltage of the electrostatic prevention
circuit 24 comprised of the first to third transistors (T1 to
T3), so that the electrostatic prevention circuit 24 is turned
off. As a result, the electrostatic prevention circuit 24 has no
effect on driving the thin film transistor. However, if the
static electricity of the high voltage above the driving
voltage of the thin film transistor is applied to the gate line
G, the static electricity is discharged to the common voltage
line CL through the electrostatic prevention circuit 24.
Accordingly, an equipotential generates between the gate
line G and the common voltage line CL. Meanwhile, the
electrostatic prevention circuit 24 connected between the
data line D and the common voltage line CL has the same
structure as that of the electrostatic prevention circuit 24
connected between the gate line G and the common voltage
line CL. As described above, the static electricity of the data
line D is discharged to the common voltage line CL accord-
ing to the same method.

At this time, the thin film transistor and the first to third
transistors (T1 to T3) of the electrostatic prevention circuit
24 are formed by photolithography using a plurality of
masks. Recently, a 4-mask or 3-mask process using a
diffraction exposure method and a lift-off method is gener-
ally used to improve yield of the thin film transistor, which
substitutes for the conventional 5-mask process. As
described above, in case of using the 4-mask process or
3-mask process, it is possible to decrease the usage number
of the masks. However, in the 4-mask process or 3-mask
process, it has the problem in deterioration of the uniformity,
after ashing a photoresist, when performing an etching
process for removing a metal layer and a doped semicon-
ductor layer for channel region of the exposed thin film
transistor by using the ashed photoresist as a mask.

This will be described in detail by the process (4-mask
process using the diffraction exposure) of the thin film
transistor.

FIG. 4A to FIG. 4G are cross sectional views of explain-
ing the fabrication process steps of the thin film transistor
using the diffraction exposure method according to the
related art.

First, as shown in FIG. 4A, a metal layer is deposited on
an entire surface of the substrate 40, and selectively pat-
terned by photolithography, thereby forming a gate electrode
GE, a first storage electrode ST1, and the common voltage
line CL (not shown), at the same time (a first mask).
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Subsequently, as shown in FIG. 4B, a gate insulating layer
GI of an insulating material such as silicon oxide SiO, or
silicon nitride SiN_, a semiconductor material 41 of genuine
amorphous silicon, a doped semiconductor material 42 of
amorphous silicon with dopants, and a metal layer 43 of
chrome (Cr) or molybdenum (Mo) are sequentially depos-
ited on the entire surface of the substrate 40 including the
gate electrode GE, the first storage electrode ST1, and the
common voltage line CL.

Next, as shown in FIG. 4C, a photoresist PR is coated on
the entire surface of the metal layer 43, and then the coated
photoresist PR is patterned by selective exposure through a
diffraction mask M and development. At this time, the
diffraction mask M includes an open part ml penetrating
light, a closed part m2 cutting off the light, and a diffraction
part m3 comprised of a slit allowing to pass a part of the light
and cutting off a part of the light. The diffraction part m3
corresponds to the channel region of the thin film transistor.

When performing the exposure and development process
to the photoresist PR by irradiating ultraviolet ray through
the diffraction mask M, the photoresist PR corresponding to
the open part m1 is removed, the photoresist PR correspond-
ing to the closed part m2 remains as it is, and the photoresist
PR corresponding to the diffraction part m3 is removed at a
predetermined thickness.

Generally, the photoresist PR corresponding to the dif-
fraction part m3 is formed to have a half of the initial
thickness.

After that, the exposed metal layer 43, the doped semi-
conductor material of amorphous silicon with dopants 42,
and the semiconductor material of intrinsic amorphous sili-
con 41 are removed by the etching process using the
patterned photoresist PR as the mask. As a result, a first
semiconductor layer 41a, a first ohmic contact layer 424,
and a source/drain metal layer 44 are formed on the gate
insulating layer GI above the gate electrode GE. At this time,
a second semiconductor layer 415, a second ohmic contact
layer 425, and a second storage electrode ST2 are formed on
the gate insulating layer GI above the first storage electrode
ST1 (a second mask).

Then, as shown in FIG. 4D, the patterned photoresist PR
is ashed by a plasma process.

The entire surface of the patterned photoresist PR is ashed
at the same level by the ashing step. At this time, the
photoresist PR corresponding to the diffraction part m3 is
removed because the photoresist PR corresponding to the
diffraction part m3 has less thickness for the other parts of
the photoresist PR. Accordingly, the source/drain metal layer
44 corresponding to the diffraction part m3 is exposed.

Subsequently, the exposed source/drain metal layer 44,
and the ohmic contact layer formed under the source/drain
metal layer 44 are simultaneously etched by using the
photoresist PR remaining after the ashing step as the mask.
Thus, as shown in FIG. 4E, a channel region is formed by
exposure of the first semiconductor layer 41a, and then the
photoresist PR is removed. At this time, a source electrode
SE overlapping one edge of the first semiconductor layer
41a, and a drain electrode DE overlapping the other edge of
the first semiconductor layer 41a are formed as the source/
drain metal layer 44 separates.

Referring to FIG. 4F, a passivation layer 45 of an organic
insulating material is deposited on the entire surface of the
substrate 40 including the source electrode SE, the drain
electrode DE, the second storage electrode ST2, and the gate
insulating layer GI, and then selectively patterned by pho-
tolithography, thereby forming a drain contact hole C1, and
a storage contact hole C2. At this time, the drain contact hole
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C1 exposes some of the drain electrode DE, and the storage
contact hole C2 exposes some of the second storage elec-
trode ST2.

Then, as shown in FIG. 4G, a transparent conductive layer
is deposited on the entire of the substrate 40 including the
passivation layer 45, and then selectively patterned by
photolithography, thereby forming a pixel electrode 46 in the
pixel region P, wherein the pixel electrode 46 connects the
drain electrode DE with the second storage electrode ST2
through the drain contact hole C1 and the storage contact
hole C2.

Meanwhile, although not shown, the first to third transis-
tors T1 to T3 of the electrostatic prevention circuit are
manufactured by the same process as that of the thin film
transistor of the display area 21. By the ashing step shown
in FIG. 4C and FIG. 4E, when removing the photoresist PR
formed in the channel region of the first to third transistors
T1 to T3, it has a problem in that the thickness of the
photoresist PR is not uniform. Accordingly, it causes dete-
rioration in the uniformity in the etching process for remov-
ing the source/drain metal layer 44 of the channel region and
the first ohmic contact layer 42a, whereby it may generate
an under-etch or over-etch problems. In case of the under-
etch, the channel region is not less etched, so that the first
ohmic contact layer 42a of the channel region is not
removed. Meanwhile, in case of the over-etch, the channel
region is etched excessively, whereby the first semiconduc-
tor layer 41a positioned under the first ohmic contact layer
42a is etched. Accordingly, due to the under-etch and the
over-etch problems, the thin film transistor loses the function
of a switching device. As a result, even though the voltage
above the driving voltage is applied to each gate line G and
data line D according as static electricity generates in the
inside of the LCD device, it is impossible to discharge the
static electricity by using the related art electrostatic pre-
vention circuit.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an LCD
device and a method for fabricating the same that substan-
tially obviates one or more problems due to limitations and
disadvantages of the related art.

An object of the present invention is to provide an LCD
device and a method for fabricating the same, to form an
electrostatic prevention pattern in a 4-mask process or
3-mask process using a diffraction exposure method with an
electrostatic prevention pattern of a transparent conductive
layer in a zigzag type, instead of a related art electrostatic
prevention circuit comprised of a plurality of transistors.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
become apparent from the description or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a liquid crystal display (LCD)
device includes a substrate having a display area and a
non-display area; a data line disposed along a first direction
on the substrate and having a metal layer and a semicon-
ductor layer; a gate line disposed along a second direction
crossing the data line, to defining a pixel region; a common
voltage line on the non-display area; pixel electrodes at each
pixel regions; a first electrostatic prevention pattern electri-
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cally connected between the gate line and the common
voltage line; and a second electrostatic prevention pattern
electrically connected between the data line and the common
voltage line.

In another aspect of the present invention, a liquid crystal
display (LCD) device includes a substrate having display
area and a non-display area; a data line disposed along a first
direction on the display area of the substrate and having a
metal layer and a semiconductor layer; a gate line along a
second direction crossing the data line, to defining a pixel
region; a common voltage line on the non-display area; pixel
electrodes at each pixel regions; a first electrostatic preven-
tion pattern electrically connected between the gate line and
the common voltage line; a second electrostatic prevention
pattern electrically connected between the data line and the
common voltage line; and a passivation layer formed on an
entire surface of the substrate except the pixel electrode, the
first electrostatic prevention pattern, and the second electro-
static prevention pattern.

In another aspect of the present invention, a method for
fabricating a liquid crystal display (LCD) device includes
the steps of preparing a substrate having a display area and
a non-display area; forming a plurality of gate lines, each
having a gate electrode, in the display area. and forming a
common voltage line in the non-display area; sequentially
forming a gate insulating layer, a semiconductor layer, a
doped semiconductor layer, a metal layer, and a photoresist
on an entire surface of the substrate including the gate line
and the common voltage line; forming a photoresist pattern
having the different thickness by diffraction exposure of the
photoresist; forming a plurality of data lines crossing the
gate lines by removing the exposed semiconductor layer, the
doped semiconductor layer, and the metal layer in state of
using the photoresist pattern as a mask; exposing the metal
layer formed on a channel region of a thin film transistor by
ashing the photoresist pattern; forming source/drain elec-
trodes of the thin film transistor by etching the exposed
metal layer and the doped semiconductor layer in state of
using the ashed photoresist pattern as a mask; forming a
passivation layer on the entire surface of the substrate
including the source/drain electrodes, and forming first,
second, third, and fourth contact holes for respectively
exposing the drain electrode, the end of the gate line, the end
of the data line, and the common voltage line; and forming
a pixel electrode in the pixel region to be connected with the
drain electrode through the first contact hole, a first electro-
static prevention pattern electrically connected with the end
of the gate line and the common voltage line through the
second and fourth contact holes, and a second electrostatic
prevention pattern electrically connected with the end of the
data line and the common voltage line through the third and
fourth contact holes.

In another aspect of the present invention, a method for
fabricating a liquid crystal display (LCD) device includes
the steps of preparing a substrate having a display area and
a non-display area; forming a plurality of gate lines, each
having a gate electrode, in the display area, and forming a
common voltage line in the non-display area; sequentially
forming a gate insulating layer, a semiconductor layer, a
doped semiconductor layer, a metal layer, and a first pho-
toresist on an entire surface of the substrate including the
gate line and the common voltage line; forming a first-
photoresist pattern having the different thickness by diffrac-
tion exposure of the first photoresist; forming a plurality of
data lines crossing the gate lines by removing the semicon-
ductor layer, the doped semiconductor layer, and the metal
layer in state of using the first photoresist pattern as a mask;
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exposing the metal layer formed on a channel region of a
thin film transistor by ashing the first photoresist pattern;
forming source/drain electrodes of the thin film transistor by
etching the exposed metal layer and the doped semiconduc-
tor layer in state of using the ashed first photoresist pattern
as a mask; forming a passivation layer on the entire surface
of the substrate including the source/drain electrodes; form-
ing a second photoresist on the entire surface of the substrate
including the passivation layer, and forming a second pho-
toresist pattern by selectively exposing the second photore-
sist; exposing the pixel region, the drain electrode, the end
of the gate line, the end of the data line, and the common
voltage line by removing the exposed passivation layer in
state of using the second photoresist pattern as a mask;
forming a transparent conductive layer on the entire surface
of the substrate including the second photoresist pattern, the
pixel region, the drain electrode, the end of the gate line, the
end of the data line, and the common voltage line; and
forming a pixel electrode in the pixel region to be connected
with the drain electrode, a first electrostatic prevention
pattern electrically connected with the end of the gate line
and the common voltage line, and a second electrostatic
prevention pattern electrically connected with the end of the
data line and the common voltage line, by removing the
second photoresist pattern.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention.

FIG. 1 is a schematic view of a substrate for an LCD
device having an electrostatic prevention circuit according
to the related art.

FIG. 2 is an expanded view of portion ‘A’ in FIG. 1.

FIG. 3 is an equivalent circuit view of FIG. 2.

FIG. 4A to FIG. 4G are cross sectional views for explain-
ing the fabrication process steps of a thin film transistor
using a diffraction exposure method according to the related
art.

FIG. 5 is a schematic view of a substrate for an LCD
device according to a first embodiment of the present
invention.

FIG. 6 is a schematic view of portion ‘B* in FIG. 5
according to the first embodiment of the present invention.

FIG. 7 is a schematic view for explaining the shape of first
and second electrostatic prevention patterns when static
electricity generates.

FIG. 8A to FIG. 8G are cross sectional views for explain-
ing the fabrication process steps of a thin film transistor and
an electrostatic prevention circuit in an LCD device along
I-I', II-IT', and III-1IT' according to the first embodiment of
the present invention.

FIG. 9 is a cross-sectional view for explaining a data line
having a molybdenum layer, source/drain electrodes, and a
second storage electrode.

FIG. 10 is a schematic view of portion ‘B” in FIG. 5
according to a second embodiment of the present invention.

FIG. 11A to FIG. 111 are cross sectional views for
explaining the fabrication process steps of a thin film
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transistor and an electrostatic prevention circuit in an LCD
device along IV-IV', V-V, and VI-VI' according to the
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

Hereinafter, an LCD device according to preferred
embodiments of the present invention will be described with
reference to the accompanying drawings.

FIG. 5 is a schematic view of a substrate for an LCD
device according to a first embodiment of the present
invention. FIG. 6 is a schematic view of portion ‘B’ in FIG.
5 according to the first embodiment of the present invention.
FIG. 7 is a view for explaining the shape of first and second
electrostatic prevention patterns when static electricity gen-
erates.

As shown in FIG. § and FIG. 6, a substrate (TFT array
substrate) 100 of an LCD device according to the first
embodiment of the present invention includes a plurality of
data lines D arranged along a first direction on the substrate
100, each data line D having a deposition structure of a
semiconductor layer (not shown) and a metal layer (not
shown), a plurality of gate lines G arranged along a second
direction in perpendicular to the data lines D of the substrate
100, to define a plurality of pixel regions P in a display area
121 of the substrate 100, a common voltage line CL formed
in a non-display area 122 surrounding the display area 121,
a first electrostatic prevention pattern 124a electrically con-
nected between the gate line G and the common voltage line
CL, and a second electrostatic prevention pattern 1244
electrically connected between the data line D and the
common voltage line CL.

Also, a thin film transistor T is formed at a crossing
portion of the gate line G and the data line D of the substrate
100. In addition, a pixel electrode 116 is formed in the pixel
region P, wherein the pixel electrode 116 receives a data
voltage from the data line D when the thin film transistor T
is turned-on. Then, the non-display area 122 of the substrate
100 includes a plurality gate pads 122a to which one end of
the gate line G is connected, and a plurality data pads 1225
to which one end of the data line D is connected. The other
end of the gate line G is connected to one end of the first
electrostatic prevention pattern 124a, and the other end of
the data line D is connected to one end of the second
electrostatic prevention pattern 1245.

Although not shown, another substrate (color filter array
substrate) is provided above the substrate (TFT array sub-
strate) 100, wherein the two substrates are opposite to each
other. The substrate (color filter array substrate) includes a
black matrix layer that prevents a light leakage from por-
tions except for the pixel regions P, an R/G/B color filter
layer for displaying various colors, and a common electrode
for producing an image. The common electrode is electri-
cally connected with the common voltage line CL of the
substrate 100 (TFT array substrate) by the medium of Ag
dots.

Then, the substrate 100 (TFT array substrate) and another
substrate (color filter array substrate) are bonded to each
other by a sealant in state of having a predetermined interval
therebetween by a spacer, and a liquid crystal layer is formed
between the two substrates.
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Meanwhile, the first electrostatic prevention pattern 124a
is formed in a zigzag type, so that the first electrostatic
prevention pattern 124 is longer than the shortest distance
between the gate line G and the common voltage line CL.
Also, the second electrostatic prevention pattern 1245 is
formed in a zigzag type, so that the second electrostatic
prevention pattern 1245 is longer than the shortest distance
between the data line D and the common voltage line CL.
That is, the first electrostatic prevention pattern 124a and the
second electrostatic prevention pattern 1245 are formed of a
plurality of horizontal parts, and a plurality of vertical parts,
wherein the plurality of vertical parts are alternately con-
nected to both ends of the horizontal parts. As a result, the
first and second electrostatic prevention patterns 124a and

124b are formed in shape of ‘&’. In addition, the first
electrostatic prevention pattern 124a and the second elec-
trostatic prevention pattern 1245 may be formed in one of
shapes of ‘S”, °Z’, notch, saw-tooth, or chevron. At this time,
the first and second electrostatic prevention patterns 124a
and 1245 are formed of the same material as that of the pixel
electrode 116, that is, a transparent conductive layer having
a great surface resistance, such as ITO (indium-tin-oxide).

Herein, the first and second electrostatic prevention pat-
terns 124a and 1245 are formed in the zigzag type, and are
formed of the transparent conductive layer, whereby the first
and second electrostatic prevention patterns 124a and 1245
have a high resistance. Accordingly, in driving the LCD
device under the normal circumstances, it is possible to
prevent the interference between signals of the gate line G
and the data line D and a common signal of the common
voltage line CL.

However, if the externally generated static electricity
generated in the external penetrates into the inside of the
substrate 100, and is applied to the gate line G or the data
line D, the static electricity is discharged to the common
voltage line CL through the first and second electrostatic
prevention patterns 124a and 124b. Then, an equipotential
generates between the common line CL and the gate line G
due to the high voltage of the discharged static electricity, so
that there is no voltage difference between the common
voltage line CL and the gate line G. Also, an equipotential
generates between the common line CL and the data line D
due to the high voltage of the discharged static electricity, so
that there is no voltage difference between the common
voltage line CL and the data line D. Accordingly, it is
possible to prevent various components such as the thin film
transistor T inside the substrate 100 from being damaged by
the static electricity.

Also, if the intensity of the static electricity applied to the
gate line G and the data line D becomes greater, the first and
second electrostatic prevention patterns 124a and 124 are
oxidized and melt by the high voltage static electricity. At
this time, as shown in (a) of FIG. 7, the vertical and
horizontal parts in the first electrostatic prevention pattern
124a are melted and connected to each other. Also, as shown
in (b) of FIG. 7, the vertical and horizontal parts in the
second electrostatic prevention pattern 1245 are melted and
connected to each other.

As each size of the first and second electrostatic preven-
tion patterns 124a and 1245 increases, each resistance in the
first and second electrostatic prevention patterns 124a and
1245 becomes low. As a result, the high voltage of the static
electricity is discharged to the common voltage line CL
through the first and second electrostatic prevention patterns
1244 and 1245 having a low resistance.
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As compared with the related art of a complicated struc-
ture including a transistor with a channel region, the first and
second electrostatic prevention patterns 124a and 124b
according to the present invention have a simple structure.
Thus, it is possible to eliminate under-etch and over-etch
problems of the channel region generated in 4-mask process
using a diffraction exposure method according to the related
art.

A method for fabricating the LCD device according to the
embodiment of the present invention will be described as
follows.

FIG. 8Ato FIG. 8G are cross sectional views for explain-
ing the fabrication process steps of a thin film transistor-and
an electrostatic prevention circuit in an LCD device along
I-I', TI-IT", and TTI-1II' according to the first embodiment of
the present invention.

First, the substrate 100 having the display area 121 and
the non-display area 122 is prepared, wherein the display
area 121 has a plurality pixel regions P. Then, as shown in
FIG. 8A, a metal layer is deposited on the entire surface of
the substrate 100, and is selectively patterned by photoli-
thography, thereby forming a plurality of gate lines G, a gate
electrode GE, a first storage electrode ST1, and the common
voltage line CL, at the same time (a first mask). At this time,
the gate lines G are arranged along the first direction on the
display area 121 of the substrate 100. Also, the gate elec-
trode GE is formed as one with the gate line G, and the gate
electrode GE protrudes from the gate line G toward the pixel
region P. Simultaneously, the common voltage line CL is
formed in shape of ‘L’ on the non-display area 122. Herein,
the first storage electrode ST1 is a part of the gate line G in
the adjacent pixel region P.

Next, as shown in FIG. 8B, a gate insulating layer GI of
an insulating material such as silicon oxide (SiO) or silicon
nitride (SiN),, a semiconductor material 101 of intrinsic
amorphous silicon, a doped semiconductor material 102 of
amorphous silicon with dopants, and a metal layer 103 of
chrome (Cr) or molybdenum (Mo) are sequentially depos-
ited on the entire surface of the substrate 100 including the
gate line G, the gate electrode GE, and the common voltage
line CL.

Then, as shown in FIG. 8C, a photoresist PR is coated on
the entire surface of the substrate 100 including the metal
layer 103, and is patterned by selective exposure with a
diffraction mask (M) and development. At this time, the
diffraction mask M includes an open part ml penetrating
light, a closed part m2 cutting off the light, and a diffraction
part m3 comprised of a slit allowing to pass a part of the light
and cutting off a part of the light. The diffraction part m3
corresponds to the channel region of the thin film transistor
T.

When performing the exposure and development process
to the photoresist PR by irradiating ultraviolet ray through
the diffraction mask M, the photoresist PR corresponding to
the open part m1 is removed, the photoresist PR correspond-
ing to the closed part m2 remains as it is, and the photoresist
PR corresponding to the diffraction part m3 is removed at a
predetermined thickness.

Generally, the photoresist PR corresponding to the dif-
fraction part m3 is formed to have a half of the initial
thickness.

Subsequently, the exposed metal layer 103, the doped
semiconductor material 102, and the semiconductor material
101 are removed by the etching process using the patterned
photoresist PR as a mask. As a result, a first semiconductor
layer 1014, a first ohmic contact layer 1024, and a source/
drain metal layer 104 are formed on the gate insulating layer
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GI above the gate electrode GE. Also, a second semicon-
ductor layer 1015, a second ohmic contact layer 1025, and
a second storage electrode ST2 are formed on the gate
insulating layer GI above the first storage electrode ST1.
Simultaneously, the plurality of data lines D are formed in
perpendicular to the gate lines G on the substrate 100, and
a third ohmic contact layer 102¢ and a third semiconductor
layer 101c¢ are formed between the data line D and the gate
insulating layer GI (a second mask).

Then, as shown in FIG. 8D, the patterned photoresist PR
is ashed by a plasma process.

The entire surface of the patterned photoresist PR is ashed
at the same level by the ashing step. At this time, the
photoresist PR corresponding to the diffraction part m3 is
removed because the photoresist PR corresponding to the
diffraction part m3 has less thickness for the other parts of
the photoresist PR. Thus, the source/drain metal layer 104
corresponding to the diffraction part m3 is exposed.

Subsequently, the exposed source/drain metal layer 104,
and the first ohmic contact layer 1024 formed under the
source/drain metal layer 104 are simultaneously etched by
using the photoresist PR remaining after the ashing step as
a mask. Accordingly, as shown in FI1G. 8E, a channel region
is formed by exposure of the first semiconductor layer 101a.
At this time, a source electrode SE overlapping one edge of
the first semiconductor layer 101a, and a drain electrode DE
overlapping the other edge of the first semiconductor layer
101a are formed as the source/drain metal layer 104 sepa-
rates.

After removing the remaining photoresist PR, as shown in
FIG. 8F, a passivation layer 114 of organic insulating
material is deposited on the entire surface of the substrate
100 including the source electrode SE, the drain electrode
DE, the data line D, and the second storage electrode ST2.
Then, the passivation layer 114 and the gate insulating layer
GI are selectively removed by photolithography, thereby
forming a drain contact hole C1, a storage contact hole C2,
a data contact hole C4, a gate contact hole C3, and a
common contact hole C5 (a third mask). At this time, the
drain contact hole C1 exposes some of the drain electrode
DE, the storage contact hole C2 exposes some of the second
storage electrode ST2, and the data contact hole C4 exposes
a part of one end of the data line D. Also, the gate contact
hole C3 exposes a part of one end of the gate line G, and the
common contact hole C5 exposes some of the common
voltage line CL. Meanwhile, the passivation layer 114 may
be formed of an inorganic material such as silicon oxide
(810,) or silicon nitride (SiN,,) as well as an organic
insulating material.

After that, as shown in FIG. 8G, a transparent conductive
layer is deposited on the entire surface of the passivation
layer 114, and then is selectively patterned by photolithog-
raphy, thereby forming the pixel electrode 116, the first
electrostatic prevention pattern 124q, and the second elec-
trostatic prevention pattern 1245, at the same time (a fourth
mask). At this time, the pixel electrode 116 is formed in the
pixel region P, wherein the pixel electrode 116 is connected
with the drain electrode DE and the second storage electrode
ST2 through the drain contact hole C1 and the storage
contact hole C2. Also, the first electrostatic prevention
pattern 124a connects the end of the gate line G with the
common voltage line CL through the gate contact hole C3
and the common contact hole C5. Then, the second electro-
static prevention pattern 1245 connects the end of the data
line D with the common voltage line CL through the data
contact hole C4 and the common contact hole C5. At this
time, the first and second electrostatic prevention patterns
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124a and 1245 are formed in s zigzag type. In FIG. 8G, it
can be shown that each of the first and second electrostatic
prevention patterns 124a and 1245 is formed in a discon-
tinued structure. In fact, as shown in FIG. 6, each of the first
and second electrostatic prevention patterns 124¢ and 1245
is formed in a continued structure of the zigzag type.

Meanwhile, the metal layer 103 of FIG. 8B may have a
dual structure.

FIG. 9 is a cross-sectional view for explaining the data
line, the source/drain electrodes, and the second storage
electrode having a molybdenum layer.

That is, the metal layer 103 may be formed in a dual
structure of an aluminum neodymium layer and a molyb-
denum layer 180. Accordingly, in case of performing the
process of FIG. 8A to FIG. 8G with the dual metal layer 103,
the data line, the source/drain electrodes SE/DE, and the
second storage electrode ST2 are formed of the aluminum
neodymium layer. Meanwhile, upper parts of the data line D,
the source/drain electrodes SE/DE, and the second storage
electrode ST2 are formed of the molybdenum layer 180. In
this respect, when the metal layer of the dual structure is
used, it is necessary to additionally perform the process for
etching the molybdenum layer 180. That is, by selectively
etching the passivation layer 114 in the same process as that
of FIG. 8F, the molybdenum layer 180 is exposed, and then
the exposed molybdenum layer 180 is etched, whereby it is
possible to expose the end of the data line D, the drain
electrode DE, and the second storage electrode ST2.

After that, as shown in FIG. 9, the transparent conductive
layer is deposited on the entire surface of the passivation
layer 114, and then is patterned by photolithography, thereby
forming the pixel electrode 116, the first electrostatic pre-
vention pattern 124q, and the second electrostatic prevention
pattern 1245, at the same time. At this time, the pixel
electrode 116 is formed in the pixel region P, wherein the
pixel electrode 116 is connected with the drain electrode DE
and the second storage electrode ST2 through the drain
contact hole C1 and the storage contact hole C2. Also, the
first electrostatic prevention pattern 124a connects the end
of the gate line G with the common voltage line CL through
the gate contact hole C3 and the common contact hole C5.
Then, the second electrostatic prevention pattern 1245 con-
nects the end of the data line D with the common voltage line
CL through the data contact hole C4 and the common
contact hole C5. At this time, the pixel electrode 116 is
connected with the drain electrode DE and the second
storage electrode ST2 by penetrating the molybdenum layer
180. Also, the second electrostatic prevention pattern 1245
is connected with the end of the data line D by penetrating
the molybdenum layer 180. Accordingly, the pixel electrode
116 is connected with the drain electrode DE and the second
storage electrode ST2, simultaneously, is connected with the
inside wall of the penetrated molybdenum layer 180. Also,
the second electrostatic prevention pattern 1244 is connected
with the end of the data line D, simultaneously, is connected
with the inside wall of the penetrated molybdenum layer
180.

Meanwhile, the thin film transistor T comprised of the
gate clectrode GE, the source electrode SE and the drain
electrode DE, the first electrostatic prevention pattern 124q,
and the second electrostatic prevention pattern 1245 may be
formed in the 3-mask process using a diffraction exposure
method and a lift-off method. This will be described as
follows.

FIG. 10 is a schematic view of portion ‘B’ in FIG. 5
according to the second embodiment of the present inven-
tion.
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As shown in FIG. 5 to FIG. 10, a substrate (TFT array
substrate) 100 of an LCD device according to the second
embodiment of the present invention includes a plurality of
data lines D arranged along a first direction on the substrate
100, each data line D having a deposition structure of a
semiconductor layer (not shown) and a metal layer (not
shown), a plurality of gate lines G arranged along a second
direction in perpendicular to the data lines D of the substrate
100, to define a plurality of pixel regions P of a display area
121 of the substrate 100, a pixel electrode 116 formed in the
pixel region, a common voltage line CL formed in a non-
display area 122 surrounding the display area 121, a first
electrostatic prevention pattern 124a electrically connected
between the gate line G and the common voltage line CL, a
second electrostatic prevention pattern 1245 electrically
connected between the data line D and the common voltage
line CL, and a passivation layer (not shown) formed on the
entire surface of the substrate 100 except for the pixel
electrode 116, the first electrostatic prevention pattern 124a,
and the second electrostatic prevention pattern 1245.

Also, a thin film transistor T is formed at a crossing
portion of the gate line G and the data line D of the substrate
100. At this time, the pixel electrode 116 is formed in the
pixel region P, wherein the pixel electrode 116 receives a
data voltage from the data line D when the thin film
transistor T is turned-on.

Although not shown, another substrate (color filter array
substrate) is provided above the substrate 100, wherein the
two substrates are opposite to each other. The substrate
(color filter array substrate) has the same structure as that in
the first embodiment of the present invention. Also, the first
and second electrostatic prevention patterns 124a, 1245
have the same structure as those in the first embodiment of
the present invention.

A method for fabricating the LCD device according to the
second embodiment of the present invention will be
described with reference to the accompanying drawings.

FIG. 11A to FIG. 111 are cross sectional views for
explaining the fabrication process steps of a thin film
transistor and an electrostatic prevention circuit in an LCD
device along IV-IV', V-V', and VI-VI' according to the
second embodiment of the present invention.

First, the substrate 100 having the display area 121 and
the non-display area 122 is prepared, wherein the display
area 121 has the plurality pixel regions P. Then, as shown in
FIG. 11A, a metal layer is deposited on the entire surface of
the substrate 100, and is selectively patterned by photoli-
thography, thereby forming the plurality of gate lines G, a
gate electrode GE, a first storage electrode ST1, and the
common voltage line CL, at the same time (a first mask). At
this time, the gate lines G are arranged along the first
direction on the display area 121 of the substrate 100. Also,
the gate electrode GE is formed as one with the gate line G,
and the gate electrode GE protrudes from the gate line G
toward the pixel region P. Simultaneously, the common
voltage line CL is formed in shape of ‘L’ on the non-display
area 122. At this time, the first storage electrode ST1 is a part
of the gate line G in the adjacent pixel region P.

Next, as shown in FIG. 11B, a gate insulating layer GI of
an insulating material such as silicon oxide (SiO,) or silicon
nitride (SiN_) a semiconductor material 101 of genuine
amorphous silicon, a doped semiconductor material 102 of
amorphous silicon with impurity, and a metal layer 103 of
chrome (Cr) or molybdenum (Mo) are sequentially depos-
ited on the entire surface of the substrate 100 including the
gate line G, the gate electrode GE, and the common voltage
line CL.
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Then, as shown in FIG. 11C, a first photoresist PR1 is
coated on the entire surface of the substrate 100 including
the metal layer 103, and is patterned by selective exposure
with a diffraction mask (M) and development. At this time,
the diffraction mask M includes an open part m1 for the
passing light. a closed part m2 for cutting off the light, and
a diffraction part m3 comprised of a slit allowing to pass a
part of the light and cutting off a part of the light. The
diffraction part m3 corresponds to the channel region of the
thin film transistor T.

When performing the exposure and development process
to the first photoresist PR1 by irradiating ultraviolet ray
through the diffraction mask M, the first photoresist PR1
corresponding to the open part ml is removed, the first
photoresist PR1 corresponding to the closed part m2 remains
as it is, and the first photoresist PR1 corresponding to the
diffraction part m3 is removed at a predetermined thickness.

Generally, the first photoresist PR1 corresponding to the
diffraction part m3 is formed to have a half of the initial
thickness.

Subsequently, the exposed metal layer 103, the doped
semiconductor material 102, and the semiconductor material
101 are removed by the etching process using the patterned
first photoresist PR1 as a mask. As a result, a first semicon-
ductor layer 101a, a first ochmic contact layer 1024, and a
source/drain metal layer 104 are formed on the gate insu-
lating layer GI above the gate electrode GE. Also, a second
semiconductor layer 1015, a second ohmic contact layer
1025, and a second storage electrode ST2 are formed on the
gate insulating layer GI above the first storage electrode
ST1. Simultaneously, the plurality of data lines D are formed
in perpendicular to the gate lines G on the substrate 100.
Also, a third ohmic contact layer 102¢ and a third semicon-
ductor layer 101¢ are sequentially formed between the data
line D and the gate insulating layer GI (a second mask).

Then, as shown in FIG. 11D, the patterned first photoresist
PR1 is ashed by a plasma process.

The entire surface of the patterned first photoresist PR1 is
ashed at the same level by the ashing step. At this time, the
first photoresist PR1 corresponding to the diffraction part m3
1s removed because the first photoresist PR1 corresponding
to the diffraction part m3 has less thickness for the other part
of the first photoresist PR1. Accordingly, the source/drain
metal layer 104 corresponding to the diffraction part m3 is
exposed.

Then, the exposed source/drain metal layer 104, and the
first ohmic contact layer 102a formed under the source/drain
metal layer 104 are simultaneously etched by using the first
photoresist PR1 remaining after the ashing step as the mask.
Accordingly, as shown in FIG. 11E, a channel region is
formed by exposure of the first semiconductor layer 101a.
At this time, a source electrode SE overlapping one edge of
the first semiconductor layer 101a, and a drain electrode DE
overlapping the other edge of the first semiconductor layer
101a are formed as the source/drain metal layer 104 sepa-
rates.

Referring to FIG. 11F, after removing the remaining first
photoresist PR1, the passivation layer 114 of organic insu-
lating material is deposited on the entire surface of the
substrate 100 including the gate electrode GE, the source
electrode SE, the drain electrode DE, the data line D, and the
second storage electrode ST2. Then, a second photoresist
PR2 is formed on the entire surface of the substrate 100
including the passivation layer 114. After that, the second
photoresist PR2 is patterned by selective exposure and
development (a third mask).
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Thereafter, as shown in FIG. 11G, the passivation layer
114 and the gate insulating layer GI are sequentially etched
by using the patterned second photoresist PR2 as a mask,
thereby exposing the drain electrode DE, the pixel region P,
the second storage electrode ST2, the common voltage line
CL, the end of the gate line G, and the end of the data line
D. At this time, the gate insulating layer GI formed in the
pixel region P, the gate insulating layer GI formed on the
common voltage line CL, and the gate insulating layer GI
formed on the end of the gate line G are removed.

Next, as shown in FIG. 11H, a transparent conductive
layer is deposited on the entire surface of the substrate 100
including the patterned second photoresist PR2. After that,
the patterned second photoresist PR2 is removed by a
stripper. At this time, as shown in FIG. 111, the transparent
conductive layer corresponding to the patterned second
photoresist PR2 is separated together with the patterned
second photoresist PR2. As a result, the separated transpar-
ent conductive layer is melted by the stripper, and then is
removed. That is, the transparent conductive layer selec-
tively remains on the drain electrode DE, the pixel region P,
the second storage electrode ST2, the common voltage line
CL, the end of the gate line G, and the end of the data line
D.

Accordingly, the pixel electrode 116 is formed in the pixel
region P, wherein the pixel electrode 116 is connected with
the drain electrode DE and the second storage electrode ST2.
Simultaneously, the first electrostatic prevention pattern
124a connects the end of the gate line G with the common
voltage line CL, and the second electrostatic prevention
pattern 1245 connects the end of the data line D with the
common voltage line CL.

At this time, as shown in FIG. 11F to FIG. 11, the pixel
electrode 116, the first electrostatic prevention pattern 124a,
and the second electrostatic prevention pattern 1245 are
formed by the lift-off method.

As mentioned above, the LCD device according to the
present invention and the method for fabricating the same
have the following advantages.

In the LCD device according to the present invention, the
plurality of first and second electrostatic prevention patterns
are formed of the transparent conductive layer in the zigzag
type, so as to protect the inner components of the LCD
device from the external static electricity. Accordingly, it is
not required to have the complicated structure for the
transistor having the channel region according to the related
art. That is, the first and second electrostatic prevention
patterns of the LCD device according to the present inven-
tion may be fabricated in the 4-mask or 3-mask process
using the diffraction exposure method.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A liquid crystal display (LCD) device comprising:

a substrate having a display area and a non-display area;

a data line disposed along a first direction on the substrate
and having a metal layer and a semiconductor layer;

a gate line disposed along a second direction crossing the
data line, defining a pixel region;

a common voltage line on the non-display area;

pixel electrodes at each pixel region;
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a first electrostatic prevention pattern electrically con-
nected between the gate line and the common voltage
line;

a second electrostatic prevention pattern electrically con-
nected between the data line and the common voltage
line; and

a molybdenum layer on the data line.

2. The LCD device of claim 1, wherein the first electro-
static prevention pattern is longer than the shortest distance
between the gate line and the common voltage line, and the
second electrostatic prevention pattern is longer than the
shortest distance between the data line and the common
voltage line.

3. The LCD device of claim 2, wherein the first and
second electrostatic prevention patterns are formed in any
one shape of zigzag type, chevron type, notch type, ‘&=’
type, ‘S’ type, ‘Z’ type, and saw-tooth type.

4. The LCD device of claim 1, wherein the pixel elec-
trode, the first electrostatic prevention pattern, and the
second electrostatic prevention pattern are formed of the
same material.

5. The LCD device of claim 1, further comprising a thin
film transistor at a crossing portion of the gate and data lines.

6. The LCD device of claim 5, further comprising a
molybdenum layer on source/drain electrodes of the thin
film transistor.

7. The LCD device of claim 6, wherein the pixel electrode
is connected with the source electrode by penetrating the
molybdenum layer.

8. The LCD device of claim 1, further comprising an
ohmic contact layer between the semiconductor layer and
the metal layer.

9. The LCD device of claim 1, wherein the second
electrostatic prevention pattern is connected with the data
line by penetrating the molybdenum layer.

10. The LCD device of claim 1, wherein the non-display
area includes a plurality of gate pads to which a first end of
the gate line is connected, and a plurality data pads to which
one end of the data line is connected.

11. The LCD device of claim 10, wherein the first
electrostatic prevention pattern is connected with a second
end of the gate line, and the second electrostatic prevention
pattern is connected with a second end of the data line.

12. A liquid crystal display (LCD) device comprising:

a substrate having a display area and a non-display area;

a data line disposed along a first direction on the display
area of the substrate and having a metal layer and a
semiconductor layer;

a gate line disposed along a second direction crossing the
data line, to define a pixel region;

a common voltage line on the non-display area;

pixel electrodes at each pixel region;

a first electrostatic prevention pattern electrically con-
nected between the gate line and the common voltage
line;

a second electrostatic prevention pattern electrically con-
nected between the data line and the common voltage
line;

a passivation layer formed on an entire surface of the
substrate except for the pixel electrode, the first elec-
trostatic prevention pattern, and the second electrostatic
prevention pattern; and a molybdenum layer on the data
line.
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13. The LCD device of claim 12, wherein the first
electrostatic prevention pattern is longer than the shortest
distance between the gate line and the common voltage line,
and the second electrostatic prevention pattern is longer than
the shortest distance between the data line and the common
voltage line.

14. The LCD device of claim 13, wherein the first and
second electrostatic prevention patterns are formed in any

one shape of zigzag type, chevron type, notch type, ‘2’
type, ‘S’® type, ‘7’ type, and saw-tooth type.

15. The LCD device of claim 12, wherein the pixel
electrode, the first electrostatic prevention pattern, and the
second electrostatic prevention pattern are formed of the
same material.

16. The LCD device of claim 12, further comprising a thin
film transistor at a crossing portion of the gate and data lines.

17. The LCD device of claim 16, further comprising a
molybdenum layer on source/drain electrodes of the thin
film transistor.
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18. The LCD device of claim 17, wherein the pixel
electrode is connected with the source electrode by penetrat-
ing the molybdenum layer.

19. The LCD device of claim 12, further comprising an
ohmic contact layer between the semiconductor layer and
the metal layer.

20. The LCD device of claim 12, wherein the second
electrostatic prevention pattern is connected with the data
line by penetrating the molybdenum layer.

21. The LCD device of claim 12, wherein the non-display
area includes a plurality of gate pads to which a first of the
gate line is connected, and a plurality data pads to which a
first end of the data line is connected.

22. The LCD device of claim 21, wherein the first
electrostatic prevention pattern is connected with a second
end of the gate line, and the second electrostatic prevention
pattern is connected with a second end of the data line.
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