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ARRAY SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

The present invention claims the benefit of Korean Patent
Application No. P2002-0078009 filed in Korea on Dec. 9,
2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device and a
method of fabricating a display device, and more particu-
larly, to an array substrate of a liquid crystal display device
and a method of making an array substrate of a liquid crystal
display device.

2. Discussion of the Related Art

In general, since flat panel display devices are thin, light
weight, and have low power consumption, they are com-
monly used as displays of portable electronic devices.
Among the various types of flat panel display devices, liquid
crystal display (LCD) devices are commonly used for laptop
computers and desktop computer monitors because of their
superior resolution and their ability to produce high quality
colored images.

Operation of the LCD devices make use of optical anisot-
ropy and polarization properties of liquid crystal molecules
to generate a desired image. The liquid crystal molecules
have a specific alignment due to their specific characteristics
that can be modified by induced electric fields. For example,
the electric fields induced to the liquid crystal molecules can
change the alignment of the liquid crystal molecules, and
due to the optical anisotropy of the liquid crystal molecules,
incident light is refracted according to the alignment of the
liquid crystal molecules.

The LCD devices include upper and lower substrates
having electrodes that are spaced apart and face into each
other, and a liquid crystal material is interposed therebe-
tween. Accordingly, when the electric field is induced to the
liquid crystal material through the electrodes of each sub-
strate, an alignment direction of the liquid crystal molecules
is changed in accordance with the applied voltage to display
images. By controlling the induced voltage, the LCD device
provides various light transmittances to display image data.

Among the different types of LCD devices, active matrix
LCDs (AM-LCDs) having thin film transistors and pixel
electrodes arranged in a matrix form provide high resolution
images and superior moving images. A typical LCD panel
has an upper substrate, a lower substrate, and a liquid crystal
material layer interposed therebetween. The upper substrate,
which is commonly referred to as a color filter substrate,
includes a common electrode and color filters, and the lower
substrate, which is commonly referred to as an array sub-
strate, includes switching elements, such as thin film tran-
sistors (TFT’s) and pixel electrodes.

FIG. 1 is an expanded perspective view of a liquid crystal
display device according to the related art. In FIG. 1, an
LCD device 11 includes an upper substrate 5, which is
commonly referred to as a color filter substrate, and a lower
substrate 22, which is commonly referred to as an array
substrate, having a liquid crystal material layer 14 inter-
posed therebetween. A black matrix 6 and a color filter layer
8 are formed in a shape of an array matrix on the upper
substrate 5 that includes a plurality of red (R), green (G), and
blue (B) color filters surrounded by the black matrix 6. In
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addition, a common electrode 18 is formed on the upper
substrate 5 to cover the color filter layer 8 and the black
matrix 6.

A plurality of thin film transistors T are formed in a shape
of an array matrix corresponding to the color filter layer 8 on
the lower substrate 22, wherein a plurality of crossing gate
lines 13 and data lines 15 are perpendicularly positioned
such that each TFT T is located adjacent to each intersection
of the gate lines 13 and the data lines 15. Furthermore, a
plurality of pixel electrodes 17 are formed on a pixel region
P defined by the gate lines 13 and the data lines 15 of the
lower substrate 22. The pixel electrode 17 includes a trans-
parent conductive material having high transmissivity, such
as indium-tin-oxide (ITO) or indium-zinc-oxide (IZ0).

In FIG. 1, a storage capacitor C is disposed to correspond
to each pixel P and is connected in parallel to each pixel
electrode 17. The storage capacitor C comprises a portion of
the gate line 13, which functions as a first capacitor elec-
trode, a storage metal layer 30, which functions as a second
capacitor electrode, and an interposed insulator 16 (in FIG.
2). Since the storage metal layer 30 is connected to the pixel
electrode 17 through a contact hole, the storage capacitor C
is electrically contacted to the pixel electrode 17.

Accordingly, a scanning signal is supplied to a gate
electrode of the thin film transistor T through the gate line
13, and a data signal is supplied to a source electrode of the
thin film transistor T through the data line 15. As a result,
liquid crystal molecules of the liquid crystal material layer
14 are aligned and arranged by enablement of the thin film
transistor T, and incident light passing through the liquid
crystal layer 14 is controlled to display an image. For
example, the electric fields induced between the pixel and
common electrodes 17 and 18 re-arrange the liquid crystal
molecules of the liquid crystal material layer 14 so that the
incident light can be controlled to display the desired images
in accordance with the induced electric fields.

When fabricating the LCD device 11 of FIG. 1, the upper
substrate 5 is aligned with and attached to the lower sub-
strate 22. However, the upper substrate 5 may be misaligned
with the lower substrate 22 and light leakage may occur due
to a marginal error in attaching the upper and lower substrate
5 and 22.

FIG. 2 is a schematic cross-sectional view along [I—II of
FIG. 1 showing a pixel of a liquid crystal display device
according to the related art. In FIG. 2, the LCD device
includes the upper substrate 5, the lower substrate 22, and
the liquid crystal layer 14, wherein the upper and lower
substrates 5 and 22 are spaced apart from each other, and the
liquid crystal layer 14 is interposed therebetween. The thin
film transistor T is formed on the front surface of the lower
substrate 22 and includes a gate electrode 32, an active layer
34, a source electrode 36, and a drain electrode 38. In
addition, a gate insulation layer 16 is interposed between the
gate electrode 32 and the active layer 34 to protect the gate
electrode 32 and the gate line 13. As shown in FIG. 1, the
gate electrode 32 extends from the gate line 13 and the
source electrode 36 extends from the data line 15. The gate,
source, and drain electrodes 32, 36, and 38 are formed of a
metallic material while the active layer 34 is formed of
silicon. Furthermore, a passivation layer 40 is formed on the
thin film transistor T for protection, wherein the pixel
electrode 17 is formed of a transparent conductive material
and is disposed on the passivation layer 40 while contacting
the drain electrode 38 and the storage metal layer 30.

As previously described, the gate line 13 functions as a
first electrode of the storage capacitor C and the storage
metal layer 30 functions as a second electrode of the storage
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capacitor C. Thus, the gate electrode 13 and the storage
metal layer 30 constitute the storage capacitor C with the
interposed gate insulation layer 16.

In FIG. 2, the upper substrate 5 is spaced apart from the
lower substrate 22 over the thin film transistor T. On a rear
surface of the upper substrate 5, the black matrix 6 is
disposed in positions corresponding to the thin film transis-
tor T, the gate line 13, and the data line 15. For example, the
black matrix 6 is formed along an entire surface of the upper
substrate 5 and has openings corresponding to the pixel
electrode 17 of the lower substrate 22, as shown in FIG. 1.
The black matrix 6 prevents light leakage except for portions
of the pixel electrode 17 and protects the thin film transistor
T from the light, thus preventing generation of photo current
in the thin film transistor T. The color filter layer, 8 is formed
on the rear surface of the upper substrate 5 to cover the black
matrix 6 and includes red 8a, green 86, and blue 8¢ colors
filter corresponding to one pixel region P where the pixel
electrode 17 is located. In addition, a common electrode 18
formed of a transparent conductive material is disposed on
the color filter layer 8 over the upper substrate 5.

In FIG. 2, the pixel electrode 17 has a one-to-one corre-
spondence with one of the color filters 8a, 85, and 8c.
Furthermore, in order to prevent a cross-talk between the
pixel electrode 17 and the gate and data lines 13 and 15, the
pixel electrode 17 is spaced apart from the data line 15 by
a distance A and from the gate line 13 by a distance B.
Accordingly, open spaces within the distances A and B
between the pixel electrode 17 and the data and gate line 15
and 13 cause light leakage in the LCD device. For example,
the light leakage mainly occurs within the open spaces A and
B so that the black matrix 6 formed on the upper substrate
5 should cover those open spaces A and B. However, when
arranging the upper substrate 5 with the lower substrate 22
or vice versa, a misalignment may occur between the upper
substrate 5 and the lower substrate 22. Thus, the black
matrix 6 is extended to fully cover those open spaces A and
B to provide an aligning margin to prevent light leakage.
However, by extending the black matrix, an aperture ratio of
the liquid crystal panel is reduced as much as the aligning
margin of the black matrix 6. Moreover, if there are errors
in the aligning margin of the black matrix 6, the light leakage
still occurs in the open spaces A and B, and deteriorates the
image quality of the LCD device.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an array
substrate of a liquid crystal display device and a method of
fabricating an array substrate that substantially obviates one
or more of problems due to limitations and disadvantages of
the related art.

An object of the present invention is to provide an array
substrate for a liquid crystal display device that provides a
high aperture ratio.

Another object of the present invention is to provide a
method of fabricating an array substrate for a liquid crystal
display device that provides a high aperture ratio.

Another object of the present invention is to provide a
method of forming an array substrate for a liquid crystal
display device having simplified and stabilized fabricating
processes to increase manufacturing yield.

Additional features and advantages of the invention will
be set forth in the description which follows and in part will
be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
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4

structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, an array substrate device having a color
filter-on-thin film transistor (COT) structure for a liquid
crystal display device includes a gate line formed on a
substrate along a transverse direction, the gate line including
a gate pad at one end thereof, a first insulating layer formed
on the substrate to cover the gate line, the first insulating
layer exposing a first portion of the gate pad, a data line
formed over the first insulating layer along a longitudinal
direction on the substrate, the data line defining a pixel
region with the gate line and including a data pad at one end
thereof, a thin film transistor formed at a crossing region of
the gate and data lines, the thin film transistor including a
gate electrode, a semiconductor layer, a source electrode,
and a drain electrode, a black matrix overlapping the thin
film transistor, the gate line, and the data line except a
second portion of the drain electrode, a second insulating
layer formed over an entire surface of the substrate to cover
the black matrix, the second insulating layer exposing the
first portion of the gate pad, a third portion of the data pad,
and the pixel region, a first pixel electrode within the pixel
region and contacting the second exposed portion of the
drain electrode, a color filter on the first pixel electrode
within the pixel region, and a second pixel electrode on the
color filter and contacting the first pixel electrode.

In another aspect, a method of forming an array substrate
having a color filter-on-thin film transistor (COT) structure
for a liquid crystal display device includes forming a gate
line on a substrate along a transverse direction, a gate pad at
one end of the gate line, and a gate electrode extending from
the gate line, forming a first gate insulating layer on the
substrate to cover the gate line, the gate pad, and the gate
electrode, forming an active layer of intrinsic amorphous
silicon and an ohmic contact layer of extrinsic amorphous
silicon layer in series on the first gate insulating layer over
the gate electrode, forming a data line, a data pad, a source
electrode, and a drain electrode, the data line disposed
perpendicularly crossing the gate line and defining a pixel
region, the data pad disposed at one end of the data line, the
source electrode extending from the data line on a first
portion of the ohmic contact layer, and the drain electrode
spaced apart from the source electrode on a second portion
of the ohmic contact layer to form the thin film transistor,
forming a second insulating layer over an entire surface of
the substrate to cover the thin film transistor, forming a black
matrix on the second insulating layer to cover the thin film
transistor, the gate line, and the data line except a first
portion of the drain electrode, forming a third insulating
layer over an entire surface of the substrate to cover the
black matrix, patterning the first, second, and third insulat-
ing layers to expose the first portion of drain electrode,
forming a first transparent electrode layer over an entire
surface of the substrate to cover the patterned third insulat-
ing layer and contacting the exposed portion of the drain
electrode, forming a color filter on the first transparent
electrode layer within the pixel region, forming a second
transparent electrode layer over an entire surface of the
substrate to cover the color filter and the first transparent
electrode layer, patterning the first and second transparent
electrode layers to form first and second pixel electrodes,
and patterning portions of the first, second, and third insu-
lating layers over the gate and data pads to form gate and
data pad contact holes, respectively, after forming the first
and second pixel electrodes.
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In another aspect, an array substrate device having a color
filter-on-thin film transistor (COT) structure for a liquid
crystal display device includes a gate line formed on a
substrate along a transverse direction, the gate line including
a gate pad at one end thereof, a first insulating layer formed
on the substrate to cover the gate line, the first insulating
layer exposing a first portion of the gate pad, a data line
formed over the first insulating layer along a longitudinal
direction on the substrate, the data line defining a pixel
region with the gate line and including a data pad at one end
thereof, a thin film transistor formed at a crossing region of
the gate and data lines, the thin film transistor including a
gate electrode, a semiconductor layer, a source electrode,
and a drain electrode, a black matrix overlapping the thin
film transistor, the gate line, and the data line except a
second portion of the drain electrode, a second insulating
layer formed over an entire surface of the substrate to cover
the black matrix, the second insulating layer exposing the
first portion of the gate pad, a third portion of the data pad,
and the pixel region, a first pixel electrode at the pixel region
and contacting the exposed second portion of the drain
electrode, a color filter on the first pixel electrode at the pixel
region, a second pixel electrode on the color filter, contact-
ing the first pixel electrode, first and second gate pad
terminals contacting the gate pad, first and second data pad
terminals contacting the data pad, a first color filter pattern
disposed between the first and second gate pad terminals,
and a second color filter pattern disposed between the first
and second data pad terminals.

In another aspect, a method of forming an array substrate
having a color filter-on-thin film transistor (COT) structure
for a liquid crystal display device includes forming a gate
line on a substrate along a transverse direction, a gate pad at
one end of the gate line, and a gate electrode extending from
the gate line, forming a first gate insulating layer on the
substrate to cover the gate line, the gate pad, and the gate
electrode, forming an active layer of intrinsic amorphous
silicon and an ohmic contact layer of extrinsic amorphous
silicon layer in series on the first gate insulating layer over
the gate electrode, forming a data line, a data pad, a source
electrode, and a drain electrode, the data line disposed
perpendicularly crossing the gate line and defining a pixel
region, the data pad disposed at one end of the data line, the
source electrode extending from the data line on a first
portion of the ohmic contact layer, and the drain electrode
spaced apart from the source electrode on a second portion
of the ohmic contact layer to form a thin film transistor at a
crossing of the gate and data lines, forming a second
insulating layer over an entire surface of the substrate to
cover the thin film transistor, forming a black matrix on the
second insulating layer and over the thin film transistor, the
gate line, and the data line except a first portion of the drain
electrode, forming a third insulating layer over an entire
surface of the substrate to cover the black matrix, patterning
the first, second, and third insulating layers to expose the
first portion of drain electrode and to form a gate pad contact
hole to the gate pad and a data pad contact hole to the data
pad, forming a first transparent electrode layer over an entire
surface of the substrate to cover the patterned third insulat-
ing layer, the first transparent electrode layer contacting the
exposed first portion of the drain electrode, the gate pad
through the gate pad contact hole, and the data pad through
the data pad contact hole, forming a color filter and first and
second color filter patterns on the first transparent electrode
layer, the color filter disposed within the pixel region, and
the first and second color filter patterns disposed over the
gate and data pads, respectively, forming a second transpar-
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ent electrode layer over an entire surface of the substrate to
cover the color filter, the first and second color filter patterns,
and the first transparent electrode layer, and patterning the
first and second transparent electrode layers to form first and
second pixel electrodes, first and second gate pad terminals,
and first and second data pad terminals.

Tt is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

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
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is an expanded perspective view of a liquid crystal
display device according to the related art;

FIG. 2 is a schematic cross-sectional view along [I—II of
FIG. 1 showing a pixel of a liquid crystal display device
according to the related art;

FIG. 3 is a partially enlarged plan view of an exemplary
array substrate according to the present invention;

FIGS. 4A—4H are cross-sectional views along IV—IV of
FIG. 3 showing exemplary fabrication process steps accord-
ing to the present invention;

FIGS. 5A-5H are cross sectional views along V—V of
FIG. 3 showing exemplary fabrication process steps accord-
ing to the present invention;

FIGS. 6A—6H are cross sectional views along VI—VI of
FIG. 3 showing exemplary fabrication process steps accord-
ing to the present invention;

FIG. 7 is a partially enlarged plan view of another
exemplary array substrate according to the present inven-
tion;

FIGS. 8A-8G are cross sectional views along VIII—VIII
of FIG. 7 showing exemplary fabrication process steps
according to the present invention;

FIGS. 9A-9G are cross sectional views along IX—IX of
FIG. 7 showing exemplary fabrication process steps accord-
ing to the present invention;

FIGS. 10A-10G are cross sectional views along X—X of
FIG. 7 showing exemplary fabrication process steps accord-
ing to the present invention;

FIGS. 11A and 11B are cross sectional views of exem-
plary gate and data pad regions according to the present
invention;

FIG. 12Ais a plan view of exemplary gate pads according
to the present invention; and

FIG. 12B is a sectional view of FIG. 12A according to the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the illustrated
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

FIG. 3 is a partially enlarged plan view of an exemplary
array substrate according to the present invention. In FIG. 3,
an array substrate 100 may include a plurality of gate lines
102 disposed along a transverse direction and a plurality of
data lines 118 disposed along a longitudinal direction,
wherein the plurality of gate lines 102 and the plurality of
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data lines 118 cross one another to define a pixel region P.
Each gate line 102 and each data line 118 may include a gate
pad 106 and a data pad 120, respectively, disposed at ends
of each gate line 102 and at ends of each data line 118. In
addition, a thin film transistor T may be formed at each
crossing portion of the gate line 102 and the data line 118,
and may include a gate electrode 104, an active layer 110, a
source electrode 114, and a drain electrode 116.

Within the pixel regions P defined by the plurality of gate
lines and data lines 102 and 118, a plurality of red (R), green
(G), and blue (B) color filters 134a, 1345 and 134¢ may be
located therein. In addition, a double-layered pixel electrode
structure including first and second pixel electrodes 138 and
140 may be disposed corresponding to each pixel region P.
The first pixel electrode 138 and the second pixel electrode
140 may have similar shapes. Alternatively, the first pixel
electrode 138 and the second pixel electrode 140 may have
dissimilar shapes. Although not shown, the first pixel elec-
trode 138 may be disposed beneath the color filter 134 and
may contact the drain electrode 116, and the second pixel
electrode 140 may be disposed on the color filter 134 and
may contact the first pixel electrode 138. Accordingly, the
color filter 134 may be located between the first and second
pixel electrodes 138 and 140, and the second pixel electrode
140 may electrically contact the drain electrode 116 through
the first pixel electrode 138.

In FIG. 3, a storage capacitor Cr may be provided within
a portion of the gate line 102 and a storage metal layer 122.
Accordingly, the portion of the gate line 102 may function
as a first electrode of the storage capacitor Cgy, and the
storage metal layer 122 may function as a second electrode
of the storage capacitor C;. In addition, the first and second
pixel electrodes 138 and 140 may electrically contact the
storage metal layer 122 such that they may be electrically
connected to the storage capacitor Cgy in parallel.

In FIG. 3, the array substrate 100 may include a color
filter-on-thin film transistor (COT) structure. In such a COT
structure, a black matrix 128 and the color filters 134 may
be formed on the array substrate 100. The black matrix 128
may be disposed to correspond to the thin film transistors T,
the gate lines 102, and the data lines 118 to prevent light
leakage in the LCD device. The black matrix 128 may be
formed of an opaque organic material, thereby blocking the
light incident to the thin film transistors T and protecting the
thin film transistors T from external impact.

In FIG. 3, a gate pad contact hole 142 and a data pad
contact hole 144 may be provided to expose the gate pad 106
and the data pad 120, respectively. A process for forming the
gate and data pad contact holes 142 and 144 may be
performed during a final process of forming the array
substrate 100 after formation of the double-layer structure of
the pixel electrodes 138 and 140 and the color filters 134.
Accordingly, developing solution used to pattern the color
filters 134a, 1345, and 134¢ may not compromise the gate
and data pads 106 and 120 that may be formed of aluminum-
based material(s).

FIGS. 4A—4H are cross-sectional views along IV—IV of
FIG. 3 showing exemplary fabrication process steps accord-
ing to the present invention, FIGS. 5A-5H are cross sec-
tional views along V—V of FIG. 3 showing exemplary
fabrication process steps according to the present invention,
and FIGS. 6 A—6H are cross sectional views along VI—VTI of
FIG. 3 showing exemplary fabrication process steps accord-
ing to the present invention.

In FIGS. 4A, 5A, and 6A, a first metal layer may be
deposited onto a surface of a substrate 100, and then
patterned using a mask process to form a gate line 102, a
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gate electrode 104, and a gate pad 106. As mentioned before,
the gate pad 106 may be disposed at the end of the gate line
102, and the gate electrode 104 may extend from the gate
line 102. The first metal layer may include aluminum-based
material(s) having low electrical resistance in order to
prevent signal delay. Since the aluminum-based material(s)
have poor corrosion resistance to developing solutions for
patterning the color filters, the aluminum-based material(s)
may be damaged by the developing solution during the
patterning the color filters. For example, if a transparent gate
pad terminal is additionally formed on the gate pad 106, the
developing solution may cause Galvanic corrosion between
the transparent gate pad terminal and the gate pad 106,
thereby eroding the gate pad 106.

After formation of the gate line 102, the gate electrode
104, and the gate pad 106 on the substrate 100, a gate
insulation layer 108 (or a first insulating layer) may be
formed on the substrate 100 to cover the gate line 102, the
gate electrode 104, and the gate pad 106. The gate insulation
layer 108 may include inorganic material(s), such as silicon
nitride (SiN,) and silicon oxide (Si0,). Then, an intrinsic
amorphous silicon layer (e.g., a-Si:H) and a doped amor-
phous silicon layer (e.g., n*a-Si:H) may be sequentially
deposited along an entire surface of the gate insulation layer
108, and may be simultaneously patterned using a mask
process to form an active layer 110 and an ohmic contact
layer 112. The ohmic contact layer 112 may be located on
the active layer 110 over the gate electrode 104.

In FIGS. 4B. 5B, and 6B, after forming the active layer
110 and the ohmic contact layer 112, a second metal layer
may be deposited over the substrate 100, and then patterned
using a mask process to form a source electrode 114, a drain
electrode 116, a data line 118, a storage metal layer 122, and
a data pad 120. The second metal layer may include at least
one of chromium (Cr), molybdenum (Mo), tungsten (W),
titanium (T1), copper (Cu), and an alloy of any combination
thereof. The source electrode 114 may extend from the data
line 118 and may contact one portion of the ohmic contact
layer 112, and the drain electrode 116 may be spaced apart
from the source electrode 114 and may contact another
portion of the ohmic contact layer 112. In addition, the
storage metal layer 122 may overlap a portion of the gate
line 102, and the data pad 120 may be connected to the data
line 118 at the end of the data line 118.

Next, a portion of the ohmic contact layer 112 located
between the source and drain electrodes 114 and 116 may be
etched using the source and drain electrodes 114 and 116 as
masks. Accordingly, a thin film transistor T and a storage
capacitor Cqp (in FIG. 3) may be formed, wherein the thin
film transistor T may include the gate electrode 104, the
active layer 110, the ohmic contact layer 112, the source
electrode 114, and the drain electrode 116, and the storage
capacitor Cgp (in FIG. 3) may include of the gate line 102,
the storage metal layer 122, and the interposed first insulator
108.

Then, a second insulating layer 124 may be deposited
along an entire surface of the substrate 100 to cover the
patterned second metal layer. The second insulating layer
124 may be formed of silicon nitride (SiN, ) or silicon oxide
(510,) and may enhance adhesion of an organic layer to be
subsequently formed. The second insulating layer 124 pre-
vents insufficient contact between the active layer 110 and
the subsequently-formed organic layer. However, if contact
between the active layer 110 and the subsequently-formed
organic layer is sufficient, the second insulating layer 124
may not be necessary.
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In FIGS. 4C, 5C, and 6C, an opaque organic material 126
having a low dielectric constant may be deposited on the
second insulating layer 124, wherein the opaque organic
material 126 may have a black color to function as a black
matrix. Then, the opaque organic material 126 formed on the
second insulating layer 124 may be patterned using a mask
process. Accordingly, a black matrix 128 may be formed
over the thin film transistor T, the data line 118, and the gate
line 102 that are disposed in a display area. Since the black
matrix 128 includes organic material(s), it may provide
protection to the thin film transistor T. In addition, the black
matrix 128 may cover a portion of the storage metal layer
122, thereby protecting the storage capacitor Cst (in FIG. 3).

In FIGS. 4D, 5D, and 6D, a third insulating layer 130 may
be formed along an entire surface of the substrate 100 to
cover the black matrix 128. The third insulating layer 130
may includes inorganic insulating material(s), such as sili-
con nitride (SiN,) or silicon oxide (SiO,).

In FIGS. 4E, 5E, and 6E, the first, second, and third
insulating layers 108, 124 and 130 may be simultaneously
patterned within the pixel region P using a mask process.
Accordingly, an end side portion of the drain electrode 106
and an end side portion of the storage metal layer 122 may
be exposed. Although FIG. 4E shows that the substrate 100
may be exposed by patterning the first insulating layer 108,
the first insulating layer 108 may remain and only the second
and third insulating layers 124 and 130 may be patterned to
expose the side portions of the drain electrode 106 and
storage metal layer 122. Furthermore, remaining portions of
the first insulating layer 106 on the substrate 100 may
control a height of a subsequently-formed color filter. Dur-
ing patterning of the first, second, and third insulating layers
108, 124 and 130 in the pixel region P, portions of the first,
second, and third insulating layers 108, 124, and 130 may
not be patterned so that the gate and data pads 106 and 120
may not be exposed, as shown in FIGS. 5E and 6E.

In FIGS. 4F, 5F and 6F, a first transparent electrode layer
132 and color filters 134 may be formed. The first transpar-
ent electrode layer 132, which may include at least one of
indium tin oxide (ITO) and indium zinc oxide (1Z0), may be
deposited along an entire surface of the substrate 100 to
cover the patterned third insulating layer 130 and to contact
the exposed side portions of the drain electrode 106 and
storage metal layer 122.

Next, color resin may be formed on the first pixel elec-
trode 138 and then developed to form color filters 134a,
134b, and 134¢ having red (R), green (G), and blue (B)
colors, respectively. The color filters 1344, 1345, and 134c,
which may provide for displaying a full spectrum of colors,
may be formed within the pixel regions P on the first
transparent electrode layer 132. When developing the color
resin, the first transparent electrode layer 132 may prevent
developing solution (i.e., a developer) used to pattern the
color filters 134a, 1345, and 134¢ from penetrating into
underlying metallic layers. In step portions of the gate line
102, the gate electrode 104, and the gate pad 106, the gate
insulation layer 108 and other insulating layers may be
formed having defects, such as pinholes and cracks. Accord-
ingly, when developing the color filters 134a, 1344, and
134c, the developer for the color filters 134a, 1345, and 134¢
may penetrate into the first, second, and third insulating
layers 108, 124, and 130, thereby deteriorating the gate line
102, the gate electrode 104, and the gate pad 106 that are
formed of aluminum-based material(s). However, by form-
ing the first transparent electrode layer 132, deterioration of
the gate line 102, the gate electrode 104, and the gate pad
106 may be prevented, thereby stabilizing the fabrication
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process(es). Furthermore, the chemically weak gate line
102, gate electrode 104, and gate pad 106 may be protected
from the developer by the first transparent electrode layer
132,

In FIGS. 4G, 5G and 6G, a second transparent electrode
layer 136 may be formed along an entire surface of the
substrate 100 so as to contact the color filters 134 and the
exposed portions of the first transparent electrode layer 132.
The second transparent electrode layer 136 may include at
least one of indium tin oxide and indium zinc oxide similar
to the first transparent electrode layer 132. In FIG. 4G, the
second transparent electrode layer 136 may contact the first
transparent electrode layer 132 at both sides of each color
filter 134.

In addition, the first and second transparent electrode
layers 132 and 136 may be simultaneously patterned to form
a double-layered pixel electrode (i.e., sandwich pixel elec-
trode) that may include a first pixel electrode 138 and a
second pixel electrode 140. The first and second transparent
electrode layers 132 and 136 may be simultaneously pat-
terned using a common mask, so that the sandwich pixel
electrode may be formed corresponding to each pixel region
P. Alternatively, the first transparent electrode layer 132 may
be first patterned, the color filters may be formed thereon,
and then the second transparent electrode layer 136 may be
patterned. Each color filter 134 may be interposed within the
sandwich pixel electrode so that they may be located
between the first and second pixel electrodes 138 and 140.

In FIG. 4G, the second pixel electrode 140 may contact
the first pixel electrode 138 at both sides of the color filter
134. Accordingly, the sandwich pixel electrode may contact
the thin film transistor T and may be connected in parallel to
the storage capacitor Cgr-

In FIGS. 5G and 6G, when forming the sandwich pixel
electrode of first and second pixel electrodes 138 and 140,
the first and second transparent electrode layers 132 and 136
disposed over the gate and data pads 106 and 120 may be
removed to expose the underlying third insulating layer 130.

In FIGS. 4H, 5H, and 6H, the gate pad 106 may be
exposed by patterning portions of the first, second, and third
insulating layers 108, 124, and 130 disposed over the gate
pad 106, thereby forming a gate pad contact hole 142.
Furthermore, the data pad 120 may also be exposed by
patterning portions of the second and third insulating layers
124 and 130 disposed over the data pad 120, thereby
forming a data pad contact hole 144. During formation of the
gate and data pad contact holes 142 and 144, there may be
no change within the pixel regions P (in FIG. 4H).

Accordingly, since the process steps for forming the gate
and data pad contact holes 142 and 144 may be performed
as a final fabrication step for forming the array substrate, the
developer for patterning the color filters may not adversely
affect or damage the gate and data pads 106 and 120.
Namely, the portions of the first, second, and third insulating
layers 108, 124, and 130 accumulated on and over the gate
and data pads 106 and 120 may protect the gate and data
pads 106 and 120 from the developer until portions of the
gate and data pads 106 and 120 are exposed.

FIG. 7 is a partially enlarged plan view of another
exemplary array substrate according to the present inven-
tion. In FIG. 7, an array substrate 200 may include a plurality
of gate lines 202 disposed along a transverse direction and
a plurality of data lines 218 disposed along a longitudinal
direction, wherein the plurality of gate lines 202 and the
plurality of data lines 218 may cross one another defining a
pixel region P. In addition, each gate line 202 and each data
line 218 may include a gate pad 206 and a data pad 220,
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respectively, at ends of each gate line 202 and at ends of each
data line 218. Moreover, a thin film transistor T may be
formed at each crossing portion of the gate line 202 and the
data line 218, and may include a gate electrode 204, an
active layer 210, a source electrode 214, and a drain elec-
trode 216.

Within the pixel regions P, which are defined by the
plurality of gate lines and data lines 202 and 218, a plurality
of red (R), green (G), and blue (B) color filters 238a, 2385,
and 238¢ may be located therein. In addition, a double-
layered pixel electrode including first and second pixel
electrodes 248 and 250 may be disposed corresponding to
each pixel region P. The first pixel electrode 248 and the
second pixel electrode 250 may have similar shapes. Alter-
natively, the first pixel electrode 248 and the second pixel
electrode 250 may have dissimilar shapes. Although not
shown, the first pixel electrode 248 may be disposed beneath
the color filter 238 and may contact the drain electrode 2186,
and the second pixel electrode 250 may be disposed on the
color filter 238 and may contact the first pixel electrode 248.
For example, the color filter 238 may be located between the
first and second pixel electrodes 248 and 250, and the second
pixel electrode 250 may electrically contact the drain elec-
trode 216 through the first pixel electrode 248.

In FIG. 7, a storage capacitor C¢ may be included within
a portion of the gate line 202 and a storage metal layer 222.
Accordingly, the portion of the gate line 202 may function
as a first electrode of the storage capacitor Cgy, and the
storage metal layer 222 may function as a second electrode
of the storage capacitor C,;. In addition, the first and second
pixel electrodes 248 and 250 may electrically contact the
storage metal layer 222 so that they are electrically con-
nected to the storage capacitor Cg- in parallel.

Similarly to the array substrate 200 of FIG. 3, which has
a color filter-on-thin film transistor (COT) structure, a black
matrix 228 and the color filters 238 may be formed on the
array substrate 200, wherein the black matrix 228 may be
disposed to correspond to the thin film transistors T, the gate
lines 202, and the data lines 218 to prevent light leakage in
the LCD device. The black matrix 228 may include opaque
organic material(s), thereby blocking the light incident to the
thin film transistors T and protecting the thin film transistors
T from external impact.

In addition to the COT structure of FIG. 7, a double-
layered gate pad terminal including a first gate pad terminal
252 and a second gate pad terminal 254 may be disposed
over the gate pad 206 and may electrically communicate
with the gate pad 206. Furthermore, a double-layered data
pad terminal including a first data pad terminal 256 and a
second data pad terminal 258 may be disposed over the data
pad 220, and a first color filter pattern 240 may be interposed
between the first and second gate pad terminals 252 and 254
and a second color filter pattern 242 may be interposed
between the first and second data pad terminals 256 and 258.
Accordingly, the first and second color filter patterns 240
and 242 may prevent developer, used to pattern the color
filters 238, from adversely affecting the gate and data pads
206 and 220. Since the developer used to pattern the color
filters 238 may cause Galvanic corrosion between the pad
terminals 252, 254, 256, and 258 and the pads 206 and 220,
the color filter patterns 240 and 242 may be disposed over
the gate and data pads 206 and 220, especially between the
first and second gate pad terminals 252 and 254 and between
the first and second data pad terminals 256 and 258, respec-
tively.

FIGS. 8A-8G are cross sectional views along VIII—VIII
of FIG. 7 showing exemplary fabrication process steps
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according to the present invention, FIGS. 9A-9G are cross
sectional views along IX—IX of FIG. 7 showing exemplary
fabrication process steps according to the present invention,
and FIGS. 10A-10G are cross sectional views along X—X
of FIG. 7 showing exemplary fabrication process steps
according to the present invention.

In FIGS. 8A, 9A, and 10A, a first metal layer may be
deposited onto a surface of a substrate 200, and then
patterned using a mask process to form a gate line 202, a
gate electrode 204, and a gate pad 206. Accordingly, the gate
pad 206 may be disposed at the ends of the gate line 202, and
the gate electrode 204 may extend from the gate line 202. In
addition, the first metal layer may include aluminum-based
material(s) having low electrical resistance in order to
prevent signal delay. Since the aluminum-based material(s)
have poor corrosion resistance to the developing solution
used to pattern the color filters, the aluminum-based
material(s) may be damaged by the developing solution
during patterning of the color filters. For example, when a
transparent gate pad terminal is formed on the gate pad 206,
the developing solution may cause Galvanic corrosion
between the transparent gate pad terminal and the gate pad
206, thereby eroding the gate pad 206.

After forming the gate line 202, the gate electrode 204,
and the gate pad 206 on the substrate 200, a gate insulation
layer 208 (or a first insulating layer) may be formed on the
substrate 200 to cover the gate line 202, the gate electrode
204, and the gate pad 206. The gate insulation layer 208 may
include inorganic material(s), such as silicon nitride (SiN,)
and silicon oxide (SiO,). Next, an intrinsic amorphous
silicon layer (e.g., a-Si:H) and a doped amorphous silicon
layer (e.g., n"a-Si:H) may be sequentially deposited along an
entire surface of the gate insulation layer 208 and may be
simultaneously patterned using a mask process to form an
active layer 210 and an ohmic contact layer 212. The ohmic
contact layer 212 may be located on the active layer 210
over the gate electrode 204.

In FIGS. 8B, 9B, and 10B, after forming the active layer
210 and the ohmic contact layer 212, a second metal layer
may be deposited over the substrate 200, and then patterned
using a mask process to form a source electrode 214, a drain
electrode 216, a data line 218, a storage metal layer 222, and
a data pad 220. The second metal layer may include at least
one of chromium (Cr), molybdenum (Mo), tungsten (W),
titanium (T1), copper (Cu), and an alloy of any combination
thereof. In addition, the source electrode 214 may extend
from the data line 218 and may contact one portion of the
ohmic contact layer 212, the drain electrode 216 may be
spaced apart from the source electrode 214 and may contact
another portion of the ohmic contact layer 212, the storage
metal layer 222 may overlap a portion of the gate line 202,
and the data pad 220 may be connected to the data line 218
at the ends of the data line 218.

Next, a portion of the ohmic contact layer 212 between
the source and drain electrodes 214 and 216 may be etched
using the source and drain electrodes 214 and 216 as masks,
thereby forming a thin film transistor T and a storage
capacitor Cs, (in FIG. 7). For example, as shown in FIG. 7,
the thin film transistor T may include the gate electrode 204,
the active layer 210, the ohmic contact layer 212, the source
electrode 214, and the drain electrode 216, and the storage
capacitor Cg, (in FIG. 7) may include the gate line 202, the
storage metal layer 222, and the interposed first insulator
208.

Then, a second insulating layer 224 may be deposited
along an entire surface of the substrate 200 to cover the
patterned second metal layer, and may include silicon nitride
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(SiN,) or silicon oxide (810,). The second insulating layer
224 may enhance adhesion of a subsequently-formed
organic layer and may prevent poor contact between the
active layer 210 and the organic layer. Alternatively, if poor
contact does not occur between the active layer 210 and the
subsequently-formed organic material, the second insulating
layer 220 may not be necessary.

In FIGS. 8C, 9C, and 10C, an opaque organic material
226 having a low dielectric constant may be deposited on the
second insulating layer 224, and may have a black color to
function as a black matrix. The opaque organic material 226
may be formed on the second insulating layer 224 by
patterning using mask process, wherein a black matrix 228
may be formed over the thin film transistor T, the data line
218, and the gate line 202 that are disposed within a display
area. Since the black matrix 228 may include organic
material(s) and may cover a portion of the storage metal
layer 222, it may protect the thin film transistor T and the
storage capacitor.

In FIGS. 8D, 9D, and 10D, a third insulating layer 230
may be formed along an entire surface of the substrate 200
to cover the black matrix 228. The third insulating layer 230
may include inorganic insulating material(s), such as silicon
nitride (SiN,) or silicon oxide (SiO,).

In FIGS. 8E, 9E, and 10E, the first, second, and third
insulating layers 208, 224, and 230 may be simultaneously
patterned within the pixel region P using a mask process.
Accordingly, an end side portion of the drain electrode 206
and an end side portion of the storage metal layer 222 may
be exposed. During patterning of the first, second, and third
insulating layers 208, 225, and 230 within the pixel region
P, a portion of the gate pad 206 may be exposed to form a
gate pad contact hole 232. Furthermore, a portion of the data
pad 220 may also be exposed by patterning of the second
and third insulating layers 224 and 230 over the data pad
220, thereby forming a data pad contact hole 234.

Although FIG. 8E shows that the substrate 200 may be
exposed by patterning the first insulating layer 208, portions
of the first insulating layer 208 may remain such that the
second and third insulating layers 224 and 230 may be
patterned to expose the side portions of the drain electrode
206 and storage metal layer 222. Furthermore, the remaining
portions of the first insulating layer 206 on the substrate 200
may control a height of a subsequently-formed color filter.
In addition, the insulating layers disposed on and over the
gate and data pad 206 and 220 may also be patterned to form
the gate and data pad contact holes 232 and 234 during
patterning of the first, second, and third insulating layers
208, 224, and 230 within the pixel region P, as shown in
FIGS. 9E and 10E.

In FIGS. 8F, 9F, and 10F, show a step of forming a first
transparent electrode layer 236, color filters 238, and first
and second color filter patterns on the substrate 200. For
example, a first transparent electrode layer 236 of indium tin
oxide (ITO) or indium zinc oxide (IZ0Q) may be first
deposited along an entire surface of the substrate 200 to
cover the patterned third insulating layer 230 and to contact
the exposed side portions of the drain electrode 206 and
storage metal layer 222. The first transparent electrode layer
236 may also contact the gate pad 206 and the data pad 220,
respectively, through the gate pad contact hole 232 and
through the data pad contact hole 234.

Then, color resin may be formed on the first pixel
electrode 238 and then developed to form color filters 238a,
238b, and 238c¢ having red (R), green (G), and blue (B)
colors, respectively. The red, green, and blue color filters
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238a, 238b, and 238¢ may be formed in sequential order by
forming and developing red, green, and blue color resin.

When one of the color filter 2384, 238b, and 238¢ is
formed, for example, when the red (R) color filter 2384 is
formed, first and second color filter patterns 240 and 242
may also be formed over the gate and data pads 206 and 220,
respectively. Specifically, the first color filter pattern 240
may be formed to correspond to and fit into the gate pad
contact hole 232, and the second color filter pattern 242 may
be formed to correspond to and fit into the data pad contact
hole 234.

In FIGS. 8G, 9G, and 10G, a second transparent electrode
layer 246 may be formed along an entire surface of the
substrate 200 so as to contact the color filters 238 and the
exposed portions of the first transparent electrode layer 236.
The second transparent electrode layer 246 may includes
indium tin oxide or indium zinc oxide similarly to the first
transparent electrode layer 236. As shown in FIG. 8G, the
second transparent electrode layer 246 may contact the first
transparent electrode layer 236 at both sides of each color
filter 238.

In FIGS. 8G, 9G, and 10G, the first and second transpar-
ent electrode layers 236 and 246 may be simultaneously
patterned to form a double-layered pixel electrode (i.e.,
sandwich pixel electrode) that may include a first pixel
electrode 248 and a second pixel electrode 250. The first and
second transparent electrode layers 236 and 246 may be
simultaneously patterned using a common mask so that the
sandwich pixel electrode may be formed corresponding to
each pixel region P. Alternatively, the first transparent elec-
trode layer 236 may be first patterned, the color filters
formed thereon, and then the second transparent electrode
layer 246 may be patterned. Each color filter 238 may be
interposed into the sandwich pixel electrode so that it is in
between the first and second pixel electrodes 248 and 250.
Since the second pixel electrode 250 may contact the first
pixel electrode 248 at both sides of the color filter 238, the
sandwich pixel electrode may contact the thin film transistor
T and may be connected in parallel to the storage capacitor
Cgyr.

During formation of the sandwich pixel electrode includ-
ing of the first and second pixel electrodes 248 and 250, the
first and second pixel electrode layers 236 and 246 in the
gate and data pad regions may also be patterned to form a
double-layered gate pad terminal, which may include first
and second gate pad terminals 252 and 254, and a double-
layered data pad terminal, which may include first and
second data pad terminals 256 and 258.

In the double-layered gate pad terminal, the first color
filter pattern 240 may be interposed between the first and
second gate pad terminals 252 and 254, and the second gate
pad terminal 254 may contact the first gate pad terminal 252
around the first color filter pattern 240. Since the first gate
pad terminal 252 may contact the gate pad 206, the second
gate pad terminal 254 may also be in electrical communi-
cation with the gate pad 206.

In the double-layered data pad terminal, the second color
filter pattern 242 may be interposed between the first and
second data pad terminals 256 and 258, and the second data
pad terminal 258 may contact the first data pad terminal 256
around the second color filter pattern 242. Since the first data
pad terminal 256 may contact the data pad 220, the second
gate pad terminal 258 may also be in electrical communi-
cation with the data pad 220.

Accordingly, throughout the fabrication process shown in
FIGS. 8A-8G, 9A-9G, and 10A-10G, the array substrate
may have the color filter patterns disposed over the gate and
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data pads. In addition, the color filters 2384, 2385, and 238c¢,
which may display a full spectrum of colors, may be formed
within the pixel regions P on the first transparent electrode
layer 236. Accordingly, when developing the color resin, the
first transparent electrode layer 236 may prevent the devel-
oping solution (i.e., a developer) used to pattern the color
filters 238a, 238b, and 238c¢ from penetrating into other
underlying metallic layers. In step portions of the gate line
202, the gate electrode 204, and the gate pad 206, the gate
insulation layer 208 and other insulating layers may be
formed having defects, such as pinholes and cracks. Accord-
ingly, when developing the color filters 238a, 2385, and
238¢, the developer may penetrate into the first, second, and
third insulation layers 208, 224, and 230, thereby deterio-
rating the gate line 202, the gate electrode 204, and the gate
pad 206 that are formed of aluminum-based material(s). By
forming the first transparent electrode layer 236, deteriora-
tion of the gate line 202, the gate electrode 204, and the gate
pad 206 may be prevented and process stability may be
achieved.

Furthermore, since the color filter patterns 240 and 242
may be formed between the first and second pad electrodes
over the gate and data pads 206 and 220, the color filter
patterns may function as an impact absorber when external
driving circuits are attached to the gate and data pad termi-
nals.

FIGS. 11A and 11B are cross sectional views of exem-
plary gate and data pad regions according to the present
invention. In FIGS. 11A and 11B, a mask 300 may include
a plurality of slits 320 disposed at locations corresponding to
color filter patterns 240 and 242. Accordingly, during a mask
process for forming the color filters and the color filter
patterns, light passing through the slits may be diffracted,
thereby slightly exposing portions for the color filter pat-
terns. During a developing process after the exposure pro-
cess, the slightly exposed portions may be partially devel-
oped, thereby forming the color filter patterns having a
relatively short height.

FIG. 12A 15 a plan view of exemplary gate pads according
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to the present invention, and FIG. 12B is a sectional view of 40

FIG. 12A according to the present invention. In FIGS. 12A
and 12B, a plurality of gate pad contact holes may be formed
within a gate pad region to expose portions of gate pads 206,
wherein color filter patterns 240 may be disposed corre-
sponding to each gate pad contact hole. First gate pad
terminals 252 may be formed to contact the gate pads 206
through the plurality of gate pad contact holes, and the
plurality of color filter patterns 240 may be formed on the
gate pad terminal 252 to correspond to and fix into the gate
pad contact holes. In addition, second gate pad terminals 254
may be formed to cover the plurality of color filter patterns
and to contact the exposed portions of the first gate pad
terminals 252. Accordingly, the first and second gate pad
terminals 252 and 254 may embrace the color filter patterns
240. Moreover, the structure of the gate pad region may be
applied to data pad regions.

The structure of the gate pad, as shown in FIGS. 12A and
12B, may provide an enlarged contact area between the
color filter patterns and the gate pad terminals, thereby
increasing adhesion between the color filter patterns and the
gate pad terminals. Furthermore, the structure of FIGS. 12A
and 12B may provide enlarged contact areas of the gate pad
terminal with external diving circuits that electrically com-
municate with the gate pads.

According to the present invention, since the black matrix
and color filters may be formed on the array substrate, an
aligning margin between lower and upper substrates may not
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be necessary, thereby increasing an aperture ratio. Further-
more, the gate pad may be well protected from a developer
used to pattern the color filters, thereby stabilizing the
fabrication process of the array substrate, simplifying the
fabrication process, and reducing production costs.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the array
substrate for liquid crystal display device and method of
fabricating the same of the present invention without depart-
ing from the spirit or scope of the inventions. 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. An array substrate device having a color filter-on-thin
film transistor (COT) structure for a liquid crystal display
device, comprising:

a gate line formed on a substrate along a transverse
direction, the gate line including a gate pad at one end
thereof;

a first insulating layer formed on the substrate to cover the
gate line, the first insulating layer exposing a first
portion of the gate pad,

a data line formed-over the first insulating layer along a
longitudinal direction on the substrate, the data line
defining a pixel region with the gate line and including
a data pad at one end thereof;

a thin film transistor formed at a crossing region of the
gate and data lines, the thin film transistor including a
gate electrode, a semiconductor layer, a source elec-
trode, and a drain electrode;

ablack matrix overlapping the thin film transistor, the gate
line, and the data line except a second portion of the
drain electrode;

a second insulating layer formed over an entire surface of
the substrate to cover the black matrix, the second
insulating layer exposing the first portion of the gate
pad, a third portion of the data pad, and the pixel
region;

a first pixel electrode at the pixel region and contacting the
exposed second portion of the drain electrode;

a color filter on the first pixel electrode at the pixel region;

a second pixel electrode on the color filter, contacting the
first pixel electrode;

first and second gate pad terminals contacting the gate
pad;

first and second data pad terminals contacting the data
pad;

a first color filter pattern disposed between the first and
second gate pad terminals; and

a second color filter pattern disposed between first and
second data pad terminals.

2. The device according to claim 1, further comprising an
inorganic insulating layer between the thin film transistor
and the black matrix.

3. The device according to claim 2, wherein the inorganic
insulating layer includes one of silicon nitride and silicon
oxide.

4. The device according to claim 3, wherein the inorganic
insulating layer exposes the first portion of the gate pad and
the third portion of the data pad.

5. The device according to claim 1, wherein the semicon-
ductor layer includes an active layer of intrinsic amorphous
silicon over the gate electrode and an ohmic contact layer of
extrinsic amorphous silicon on the active layer.

6. The device according to claim 1, wherein the first and
second pixel electrodes, the first and second gate pad ter-
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minals, and the first and second data pad terminals include
at least one of indium tin oxide and indium zinc oxide.

7. The device according to claim 1, wherein the color filter
includes and the first and second color filter patterns include
at least one red, green, and blue colors.

8. The device according to claim 1, further comprising a
storage metal layer on the first insulating layer over the gate
line.

9. The device according to claim 8, wherein the second

insulating layer exposes a fourth portion of the storage metal 10

layer.
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10. The device according to claim 8, wherein the storage
metal layer and a fifth portion of the gate line constitute a
storage capacitor with the first insulating layer interposed
between the storage metal layer and the gate line.

11. The device according to claim 9, wherein the first
pixel electrode contacts the fourth portion of the storage
metal layer.

12. The device according to claim 1, wherein the first
pixel electrode directly contacts the substrate.
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