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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

This application is a divisional of U.S. application Ser. No.
11/540,586, filed Oct. 2, 2006, now U.S. Pat. No. 8,269,907
and also claims the benefit of Korean Patent Application No.
10-2006-0061664, filed in Korea on Jun. 30, 2006, both of
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 a method for fabricating the same, and
more particularly, to an LCD device with a simplified fabri-
cation process, enhanced yield, and enhanced brightness and
a fabricating method thereof.

2. Description of the Background Art

In the recent information society, a display has become
increasingly important as a visual information transmission
media. To satisfy this demand, a display should have low
power consumption, a thin profile, light weight, and superior
picture quality. A liquid crystal display (LCD) device, which
is a major product type within the flat panel display (FPD)
market, not only satisfies these needs but also enables a mass
production so that each kind of new product using the LCD
device becomes fast commercialized. As a result, the LCD
device is replacing the cathode ray tube (CRT) as the primary
display technology.

The liquid crystal display (LCD) device displays an image
by individually supplying a data signal to liquid crystal cells
arranged in a matrix form according to image information,
and by controlling an optical anisotropy of the liquid crystal
cells. An active matrix (AM), a main driving method used in
LCD technology, drives aliquid crystal of a pixel region using
an amorphous silicon thin film transistor (a-Si TFT) as a
switching device. The amorphous silicon thin film transistor
technique was established by English LeComber in 1979, and
commercialized as a 3-inch liquid crystal portable television
in 1986. Recently, an LCD of more than 50-inches was devel-
oped.

However, a field effect mobility (~1 cm*Vsec) of the
amorphous silicon thin film transistor has a limitation to be
used in peripheral circuits requiring a fast operation more
than 1 MHz. As a result, development of techniques to simul-
taneously form a pixel region and a driving circuit region on
a glass substrate using polycrystalline silicon (poly-Si) hav-
ing a field effect mobility greater than that of amorphous
silicon is needed.

The polyerystalline silicon thin film transistor technique
has been applied to a small type module such as a camcorder
since a liquid crystal color television was developed in 1982.
Also, the technique has a low photosensitivity and a high field
effect mobility so that a driving circuit can be directly fabri-
cated on a substrate.

Increased mobility can increase an operational frequency
of the driving circuit region which determines a driving pixel
number, thereby facilitating high minuteness of a display
device. Also, a signal voltage of the pixel region has a
decreased charging time which decreases distortion of a
transmitting signal and increases picture quality. When com-
pared with the amorphous silicon thin film transistor having a
high driving voltage (~25V), the polycrystalline silicon thin
film transistor can be driven under 10V, thereby decreasing
power consumption.

Hereinafter, a structure of a related art LCD device will be
explained with reference to FIG. 1. FIG. 1 is a plane view
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showing a structure of a driving circuit integrated LCD device
in which a driving circuit region is integrated on an array
substrate.

As shown, the LCD device comprises a color filter sub-
strate 5, an array substrate 10, and a liquid crystal layer (not
shown) formed between the color filter substrate 5 and the
array substrate 10. The array substrate 10 includes a pixel
region 35 formed as unit pixels are arranged in a matrix form,
and a driving circuit region 30 arranged at an outer periphery
of the pixel region 35 having a data driving circuit region 31
and a gate driving circuit region 32. Although not shown, the
pixel region 35 of the array substrate 10 includes a plurality of
gate lines and data lines for defining a plurality of pixel
regions by being arranged horizontally and vertically on the
array substrate 10; a thin film transistor (TFT) formed at each
intersection between the gate lines and the data lines as a
switching device; and a pixel electrode formed at the pixel
region. Here, the TFT is a switching device for applying a
voltage to the pixel electrode using a field effect transistor
(FET) to control a current flow by an electric field.

The driving circuit region 30 of the array substrate 10 is
positioned at an outer periphery of the pixel region 35 more
protruded than the color filter substrate 5. The data driving
circuit region 31 is positioned at a long side of the array
substrate 10, and the gate driving circuit region 32 is posi-
tioned at a short side of the array substrate 10. The data
driving circuit region 31 and the gate driving circuit region 32
usea thin film transistor having a complementary metal oxide
semiconductor (CMOS) structure that is an inverter to prop-
erly output an input signal. The CMOS is an integrated circuit
having an MOS structure used at a driving circuit region TET
that requires a high speed signal processing. The CMOS
requires both an n-channel TFT and a p-channel TFT, and has
speed and density characteristics corresponding to an inter-
mediate level of an NMOS and a PMOS.

The gate driving circuit region 32 and the data driving
circuit region 31 supply a scan signal and a data signal to the
pixel electrode through the gate line and the data line, respec-
tively, and are connected to an external signal input port (not
shown). The gate driving circuit region 32 and the data driv-
ing circuit region 31 control an external signal input through
the external signal input port thus to the external sync to the
respective pixel electrodes.

A color filter (not shown) for implementing colors and a
common electrode (not shown) facing the pixel electrode
formed at the array substrate 10 are formed at the pixel region
35 of the color filter substrate 5. The color filter substrate 5
and the array substrate 10 are provided with a cell gap to be
separated from each other by a spacer (not shown), and are
attached to each other by a seal pattern (not shown) formed at
an outer periphery of the pixel region 35 to constitute a unit
LC panel. The color filter substrate 5 and the array substrate
10 are attached to each other by a bonding key formed at the
color filter substrate 5 or the array substrate 10.

Since the driving circuit integrated LCD device uses a
polycrystalline silicon TFT, an excellent device characteristic
and a high picture quality are obtained. Accordingly, a high
minuteness is implemented and power consumption is
decreased.

However, the driving circuit integrated LCD device having
an n-channel TFT and a p-channel TFT on the same substrate
requires more complicated fabrication process than an amor-
phous silicon TFT LCD having only a single type channel.
That is, to fabricate the array substrate including the poly-
crystalline silicon TFT, a large number of photolithography
processes are required.
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The photolithography processes form a desired pattern on
a substrate by transferring a pattern from a mask to the sub-
strate, and includes a plurality of processes such as a photo-
resist depositing process, an exposing process, a developing
process, etc. Accordingly, the photolithography process
degrades a production yield, and has a high probability of
defects in the thin film transistor. Especially, since a mask
designed to form apattern is very expensive, a fabrication cost
for an LCD device is increased when the number of masks is
increased.

SUMMARY OF THE INVENTION

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

An object of the present invention is to provide a liquid
crystal display (LCD) device that decreases the number of
masks used to fabricate a thin film transistor (TFT) by form-
ing an active pattern and a storage electrode by a single mask
process, and a fabricating method thereof.

Another object of the present invention is to provide a
liquid crystal display (LCD) device that decreases the number
of masks by simultaneously patterning a pixel electrode at the
time of a gate line patterning, and a fabricating method
thereof.

Still another object of the present invention is to provide a
liquid crystal display (LCD) device that enhances an aperture
ratio.

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 advantages of the
invention will be realized and attained by the structure par-
ticularly 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 herein, a method for fabricating a liquid
crystal display (LCD) device comprises forming active pat-
terns respectively on a pixel region, a first circuit region, and
a second circuit region of a first substrate and forming a
storage electrode on the active pattern of the pixel region
using a single mask; forming a first insulation layer on the first
substrate having the active patterns and the storage electrode;
forming a first conductive layer and a second conductive layer
on the first insulation layer; patterning the first and second
conductive layers in the first circuit region to form a first gate
electrode from the second conductive layer; injecting highly-
concentrated p+ ions into the active region of the first circuit
region to form p+ source/drain regions in the active pattern of
the first circuit region; patterning the first and second conduc-
tive layers to simultaneously form a second gate electrode
from the second conductive layer in the second circuit region,
a common line from the second conductive layer in the pixel
region and a pixel electrode from the first conductive layer in
the pixel region; forming n+ source/drain regions in the active
patterns of each of the pixel region and the second circuit
region; forming a first inter-insulation layer and a second
inter-insulation layer on the first insulation layer, the first gate
electrode, the second gate electrode, the common line, and the
pixel electrode; forming first contact holes and second con-
tact holes to expose the source regions and the drain regions
of the active pattern at the first and second circuit regions by
partially removing the first insulation layer, the first inter-
insulation layer, and the second inter-insulation layer; form-
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ing source electrodes respectively electrically connected to
the source regions of the active patterns at the first and second
circuit regions through the first contact holes, and forming
drain electrodes respectively electrically connected to the
drain regions of the active patterns at the first and second
circuit regions through the second contact holes; and bonding
the first substrate with a second substrate such that a liquid
crystal layer is disposed therebetween.

In another aspect, a method for fabricating a liquid crystal
display (LCD) device comprises forming active patterns
respectively on a pixel region, a first circuit region, and a
second circuit region of a first substrate, and simultaneously
forming a storage electrode on the active pattern of the pixel
region; forming an insulation layer on the first substrate hav-
ing the active patterns and the storage electrode; forming a
conductive layer on the first insulation layer; patterning the
conductive layer to form a first gate electrode in the first
circuit region, a second gate electrode in the second circuit
region, a common line in the pixel region and a pixel electrode
in the pixel region; forming p+ source/drain regions in the
active region of the first circuit region; forming n+ source/
drain regions in the active patterns of each of the pixel region
and the second circuit region; forming an inter-insulation
layer on the first insulation layer, the first gate electrode, the
second gate electrode, the common line, and the pixel elec-
trode; forming first contact holes and second contact holes to
expose the source regions and the drain regions of the active
pattern at the first and second circuit regions by partially
removing the insulation layer and the inter-insulation layer;
forming source electrodes respectively electrically connected
to the source regions of the active patterns at the first and
second circuit regions through the first contact holes, and
forming drain electrodes respectively electrically connected
to the drain regions of the active patterns at the first and
second circuit regions through the second contact holes; and
bonding the first substrate with a second substrate such that a
liquid crystal layer is disposed therebetween.

In another aspect, a liquid crystal display (LCD) device
comprises a first substrate having a pixel region; an active
pattern formed on the pixel region; a insulation layer formed
on the first substrate having the active pattern; a gate electrode
in the pixel region, the active region of the pixel region having
source and drain regions formed therein adjacent the gate
electrode; a pixel electrode formed in the pixel region,
wherein the pixel electrode is formed from a first conductive
material disposed in the pixel region and a second conductive
material disposed on the first conductive material along edges
of the pixel region, and wherein the gate electrode is formed
from the second conductive material; an inter-insulation layer
formed on the insulation layer, the gate electrode, and the
pixel electrode, wherein first and second contact holes are
defined through the insulation layer and the inter-insulation
layer to the source and drain regions, respectively, and
wherein an opening is defined through the inter-insulation
layer for opening the pixel region; a source electrode electri-
cally connected to the source region through the first contact
hole; a drain electrode electrically connected to the drain
region through the second contact hole; a second substrate
bonded to the first substrate; and a liquid crystal layer dis-
posed between the first and second substrates.

It 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-
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porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1is a plane view schematically showing a structure of
a driving circuit integrated LCD device in accordance with
the related art;

FIG. 2 is a plane view schematically showing an array
substrate of an LCD device according to a first exemplary
embodiment of the present invention;

FIGS. 3A to 31 are sectional views sequentially showing
exemplary fabrication processes taken along line I1-IT' of the
array substrate of FIG. 2;

FIG. 4 is a plane view schematically showing an array
substrate of an LCD device according to a second exemplary
embodiment of the present invention;

FIGS. 5A to 5H are sectional views sequentially showing
exemplary fabrication processes taken along line IV-IV' of the
array substrate of FIG. 4;

FIGS. 6A to 6D are plane views sequentially showing
exemplary fabrication processes taken along line IV-IV' of the
array substrate of FIG. 4,

FIGS. 7A to 7F are sectional views showing a first exem-
plary mask process shown in FIGS. 5A and 6A,;

FIG. 8 is a sectional view taken along line A-A' of the array
substrate of FIG. 4; and

FIG. 9 is a sectional view schematically showing an array
substrate of an LCD device according to a third exemplary
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. Hereinafter, a lig-
uid crystal display (LCD) device and a method for fabricating
the same according to the present invention will be explained.

FIG. 2 is a plane view schematically showing an array
substrate of an LCD device according to a first exemplary
embodiment of the present invention showing one pixel of a
pixel region including a thin film transistor (TFT). In the LCD
device, N gate lines and M data lines cross each other to define
MxN pixels. However, only one pixel is shown in F1G. 2 for
convenience.

As shown, an array substrate 110 ofan LCD device accord-
ing to the first exemplary embodiment of the present inven-
tion comprises a gate line 116 and a data line 117 arranged
horizontally and vertically on the array substrate 110 to define
a pixel region; a thin film transistor formed at each intersec-
tion region of the gate line 116 and the data line 117 as a
switching device; and a pixel electrode 118 formed at each
pixel region and connected to the TFT for driving a liquid
crystal (not shown) together with a common electrode of a
color filter substrate (not shown).

The TFT includes a gate electrode 121 connected to the
gate line 116, a source electrode 122 connected to the data line
117, and a drain electrode 123 connected to the pixel elec-
trode 118. Also, the TFT includes an active pattern 124" for
forming a conductive channel between the source electrode
122 and the drain electrode 123 by a gate voltage supplied to
the gate electrode 121.

Herein, the active pattern 124" is formed of a polycrystal-
line silicon thin film, and extends toward the pixel region thus
to be connected to a storage pattern 124" which, together with
a common line 108, defines a first storage capacitor. That is,
the common line 108 is formed in the same direction as the
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gate line 116 in the pixel region and overlaps the storage
pattern 124" therebelow with a first insulation layer (not
shown) being interposed therebetween to define the first stor-
age capacitor. The storage pattern 124" is formed by a doping
a polycrystalline silicon thin film used for the active pattern
124' through an additional mask process.

The source electrode 122 and the drain electrode 123 are
electrically connected to a source 124a region and a drain
region 1244 of the active pattern 124' through a first contact
hole 140a and a second contact hole 1405 formed on the first
insulation layer and the second insulation layer (not shown),
respectively. A portion of the source electrode 122 extends to
contact the dataline 117. Also, a portion of the drain electrode
123 extends towards the pixel region to electrically connect
the pixel electrode 118 through a third contact hole 140¢
formed at a third insulation layer (not shown). A portionof the
drain electrode 123 extending towards the pixel region over-
laps the common line 108 formed therebelow with the second
insulation layer being interposed therebetween, thereby con-
stituting a second storage capacitor.

Hereinafter, a process for fabricating the array substrate
will be explained. FIGS. 3A to 3] are sectional views sequen-
tially showing fabrication processes taken along line II-IF of
the array substrate of FIG. 2 for an array substrate of a pixel
region where an n-channel TFT is formed. Herein, an n-chan-
nel TFT and a p-channel TFT are formed at the circuit region.

As shown in FIG. 3A, abuffer layer 111 and an amorphous
silicon thin film are formed on a substrate 110 of a transparent
insulating material such as glass. Then, the amorphous silicon
thin film is crystallized to form a polycrystalline silicon thin
film. Next, the polycrystalline thin film is patterned using a
photolithography process (a first mask process), thereby
forming a polycrystalline silicon thin film 124 for an active
pattern and a storage pattern.

As shown in FIG. 3B, a doping process is performed by
shielding a portion of the polycrystalline silicon thin film
pattern 124 with a photoresist, thereby forming a storage
pattern 124". The polycrystalline silicon thin film 124
shielded by the photoresist forms an active pattern 124", in
which an additional photolithography process (a second mask
process) is required.

As shownin FIG. 3C, afirst insulationlayer 1154 and a first
conductive layer are sequentially formed on an entire surface
of the substrate 110. Then, the first conductive layer is selec-
tively patterned using a photolithography process (a third
mask process), thereby forming a gate electrode 121 from the
first conductive layer remaining on the active pattern 124' and
forming a common line 108 from the first conductive layer
remaining on the storage pattern 124". Here, the first conduc-
tive layer is formed of an opaque conductive material having
alow resistance such as a aluminum (Al), aluminum alloy (Al
alloy), tungsten (W), copper (Cu), chromium (Cr), or molyb-
denum (Mo). The common line 108 overlaps the storage
pattern 124" therebelow in the pixel region with the first
insulation layer 115a interposed therebetween to define the
first storage capacitor.

As shown in FIG. 3D, the pixel region ofthe array substrate
110 and the n-channel TFT region of the circuit region are
entirely shielded by a first shielding layer 170 formed of a
photoresist (a fourth mask process). Then, a highly-concen-
trated p+ ion is injected into the p-channel TFT region of the
circuit region to form a p+ source region and a drain region.

As shown in FIG. 3E, the p-channel TFT region of the
circuit region, the n-channel TFT region of the circuit region,
the pixel region, and the storage region are shielded by a
second shielding layer 170" (a fifth mask process). Then, a
highly-concentrated n+ ion is injected into the active pattern
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124 of the pixel region, thereby forming an n+ source region
124a and an n+ drain region 1245. A channel region 124¢
forms a conductive channel between the source region 124a
and the drain region 1245, Next, the second shielding layer
170" is removed and n-ions of a low concentration are injected
into the entire surface of the substrate 110, thereby forming
the n+ source region 124a, the channel region 124¢, and a
lightly doped drain (LDD) region 1241 between the n+ drain
region 1245 and the channel region 124¢. The storage region
can be shielded by the second shielding layer 170" or not
shielded. N+ ions are injected into the n-channel TFT region
to form an n+ source region 1244, an n+ drain region, and an
LDD region 1241.

As shown in FIG. 3F, a second insulation layer 1155 is
deposited on the entire surface of the substrate 110. Then, the
first insulation layer 115a and the second insulation layer
1155 are partially removed by a photolithography process (a
sixth mask process), thereby forming a first contact hole 1404
and a second contact hole 1404 for partially exposing the
source region 124a and the drain region 1245, respectively.

As shown in FIG. 3G, the second conductive layer is
formed on the entire surface of the substrate 110 and selec-
tively patterned using a photolithography (a seventh mask
process). As the result, a source electrode 122 electrically
connected to the source region 124a through the first contact
hole 140a, and a drain electrode 123 electrically connected to
the drain region 1245 through the second contact hole 1405
are formed. Herein, a portion of the source electrode 122
extends in one direction to be a part of the data line 117. Also,
a portion of the drain electrode 123 extends towards the pixel
region to overlap the common line 108 formed therebelow
with the second insulation layer 1155 being interposed ther-
ebetween, thereby forming a second storage capacitor.

As shown in FIG. 3H, a third insulation layer 115¢ is
deposited on the entire surface of the substrate 110 and selec-
tively patterned using a photolithography process (an eighth
mask process), thereby forming a third contact hole 140¢ for
partially exposing the drain electrode 123.

As shown in FIG. 31, a third conductive layer is deposited
on the entire surface of the substrate 110 where the third
insulation layer 115¢ is formed and selectively patterned
using a photolithography process (a ninth mask process),
thereby forming a pixel electrode 118 electrically connected
to the drain electrode 123 through the third contact hole 140c.
Here, the third conductive layer can be formed of a transpar-
ent conductive material having a high transmittance, such as
indium-tin-oxide (ITO) or indium-zinc-oxide (IZ0).

In the array substrate according to the first exemplary
embodiment of the present invention, the active pattern and
the storage pattern are formed of the polycrystalline silicon
thin film, and a storage doping is performed on the storage
pattern through an additional mask process. Accordingly, the
TFT of the pixel region and the circuit region is fabricated
through nine mask processes. However, in the second exem-
plary embodiment of the present invention, the active pattern
formed of a silicon thin film and the storage electrode formed
of a conductive material are formed through a single mask
process using a diffraction exposure. Also, in the second
exemplary embodiment, the pixel electrode is simultaneously
patterned at the time of patterning gate lines, and the pixel
region is opened at the time of forming data lines to expose the
pixel electrode outwardly. Accordingly, the number of masks
to be used to fabricate the array substrate is reduced.

FIG. 4 is a plane view schematically showing an array
substrate of an LCD device according to a second exemplary
embodiment of the present invention which shows one pixel
including a TFT of a pixel region. In the LCD device, N gate
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lines and M data lines cross each other to define MxN pixels.
However, only one pixel is shown in FIG. 4 for convenience.

As shown, an array substrate 210 of an LCD device accord-
ing to the second exemplary embodiment of the present
invention comprises a gate line 216 and a data line 217
arranged horizontally and vertically on the array substrate
210 to define a pixel region; a thin film transistor formed at
each intersection region of the gate line 216 and the data line
217 as aswitching device; and a pixel electrode 218 formed at
each pixel region and connected to the TFT for driving a
liquid crystal (not shown) together with a common electrode
of a color filter substrate (not shown).

The TFT includes a gate electrode 221 connected to the
gate line 216, a source electrode 222 connected to the data line
217, and a drain electrode 223 connected to the pixel elec-
trode 218. Also, the TFT includes an active pattern 224' for
forming a conductive channel between the source electrode
222 and the drain electrode 223 by a gate voltage supplied to
the gate electrode 221.

Herein, the active pattern 224' is formed of a polycrystal-
line silicon thin film, and extends toward the pixel region. A
storage electrode 230" formed of a conductive material is
formed on the active pattern 224'. A common line 208 is
formed in the same direction as the gate line 216 in the pixel
region overlaps the storage pattern 230" therebelow with a
first insulation layer (not shown) being interposed therebe-
tween to define a first storage capacitor. The storage pattern
230" of the second exemplary embodiment is formed of an
opaque conductive material differently from the first exem-
plary embodiment and is simultaneously formed with the
active pattern 224' by a single mask process.

Below the gate electrode 221, the gate line 216, and the
common electrode 208 respectively formed of an opaque
conductive material, a gate electrode pattern (not shown), a
gate line pattern (not shown), and a common electrode pattern
(not shown) are respectively formed of a transparent conduc-
tive material and patterned to have the same pattern as the gate
electrode 221, the gate line 216, and the common electrode
208, respectively.

The source electrode 222 and the drain electrode 223 are
electrically connected to a source region 224a and a drain
region 224b of the active pattern 224' through a first contact
hole 240a and a second contact hole 2405 formed at the first
insulation layer, a first inter-insulation layer (not shown), and
a second inter-insulation layer (not shown). A portion of the
source electrode 222 extends in one direction to be joined
with the data line 217. Also, a portion of the drain electrode
223 extends towards the pixel region to constitute a protrusion
region 240. The drain electrode 223 is electrically connected
to the pixel electrode 218 through the protrusion region 240.
While the protrusion region 240 is shown in FIG. 4 at the
middle, it can alternatively be formed at other locations, such
as the sides. Also, more than one protrusion region 240 may
be formed. A portion of the drain electrode 223 extending
towards the pixel region overlaps the common line 208
formed therebelow with the first inter-insulation layer and the
second inter-insulation layer being interposed therebetween,
thereby constituting a second storage capacitor.

The second inter-insulation layer 2154' (of FIG. 5G)
according to the second exemplary embodiment may be
formed of an organic insulation layer having a low dielectric
constant so that the pixel electrode 218 can partially overlap
the data line 217. Accordingly, an aperture ratio is enhanced.
That s, thepixel electrode 218 according to the present inven-
tion is formed below the data line 217 to partially overlap the
data line 217. Here, the inter-insulation layer 2156' may be
formed using only an organic insulating material.
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In the array substrate according to the second exemplary
embodiment of the present invention, a conductive material is
deposited on the polycrystalline silicon thin film, and the
active pattern 224' and the storage electrode 230" are simul-
taneously formed through a single mask process using a dif-
fraction exposure. Accordingly, the number of masks is
decreased. Furthermore, in the array substrate according to
the second exemplary embodiment of the present invention,
the pixel electrode 218 is simultaneously patterned at the time
of patterning the gate lines (the gate electrode 221, the gate
line 216, and the common electrode 208), and the pixel elec-
trode 218 is outwardly exposed by opening the pixel region at
the time of forming the data lines (the source electrode 222,
the drain electrode 223, and the data line 217). Accordingly,
two mask processes for forming the pixel electrode 218 (that
is, a mask process for patterning the pixel electrode 218 and
a mask process for forming a contact hole to electrically
connect the pixel electrode 218 with the drain electrode 223)
are not required. As a result, the number of masks is
decreased.

FIGS. 5A to 5H are sectional views sequentially showing
fabrication processes taken along line IV-IV' of the array
substrate of FIG. 4, and FIGS. 6A to 6D are plane views
sequentially showing fabrication processes taken along line
IV-IV' of the array substrate of FIG. 4.

Ann-channel TFT or a p-channel TFT can be formed atthe
pixel region, and the re-channel TFT and the p-channel TFT
are formed at the circuit region to implement a CMOS tran-
sistor. A method for fabricating an n-channel TFT of the pixel
region, an n-channel TFT of the circuit region, and a p-chan-
nel TFT of the circuit region is illustrated in FIGS. 5A to 5H
and FIGS. 6A to 6D for convenience.

As shown in FIGS. 5A and 6A, a buffer layer 211 and an
amorphous silicon thin film are formed on a substrate 210 of
a transparent insulating material such as glass. Then, the
amorphous silicon thin film is crystallized to form a polycrys-
talline silicon thin film. The buffer layer 211 prevents impu-
rities, such as sodium (Na), inside the substrate 210 from
being introduced to an upper layer.

Then, a conductive layer is deposited on the entire surface
ofthe substrate 210 where the polycrystalline silicon thin film
is formed. Next, the polycrystalline silicon thin film and the
conductive layer are selectively patterned using a photoli-
thography process (a first mask process), thereby forming an
active pattern 224' and a storage electrode 230" on the pixel
region of the array substrate 210 and forming an n-channel
active pattern 224 and a p-channel active pattern 224p on the
circuit region of the array substrate 210.

As aforementioned, the active patterns 224", 224n, and
224p and the storage electrode 230" can be formed through a
single mask process using a diffraction exposure, which will
be explained in more detail. FIGS. 7A to 7F are sectional
views showing a first mask process shown in FIGS. 5A and
6A.

As shown in FIG. 7A, a buffer layer 211 and a silicon thin
film 224 are formed on a substrate 210 formed of a transparent
insulating material such as glass. A conductive layer 230
formed of Mo or Al-based conductive material on the crys-
tallized polycrystalline silicon thin film 224.

The silicon thin film 224 can be formed of an amorphous
silicon thin film or a polycrystalline silicon thin film. How-
ever, a polycrystalline silicon thin film is typically more
advantageous. The polycrystalline silicon thin film can be
formed by depositing an amorphous silicon thin film on the
substrate and then crystallizing the amorphous silicon thin
film by various methods. The amorphous silicon thin film can
be deposited by various methods. Representative methods
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among the various methods include a low pressure chemical
vapor deposition (LPCVD) and a plasma enhanced chemical
vapor deposition (PECVD). The method for crystallizing the
amorphous silicon thin film includes a solid phase crystalli-
zation (SPC) method for thermally processing an amorphous
silicon thin film at a furnace of a high temperature, and an
eximer laser annealing (ELA) method using laser. In the
eximer laser annealing method, laser of a pulse type is mainly
used. However, recently, a sequential lateral solidification
(SLS) method for enhancing a crystallization characteristic
by growing grains in a horizontal direction is being
researched.

As shown in FIG. 7B, a photoresist 270 formed of a pho-
tosensitive material is deposited on an entire surface of the
substrate 210. Then, light is selectively irradiated on the pho-
toresist 270 using a diffraction mask 280. The diffraction
mask 280 is provided with a transmission region I, a slit
region II, and a shield region III. The transmission region I
serves to completely transmit irradiated light, the slit region 1T
serves to transmit one part of irradiated light and to shield
another part of the irradiated light, and the shield region III to
completely shields irradiated light. Only light having passed
through the diffraction mask 280 is irradiated onto the pho-
toresist 270. While FIG. 7B shows the use of a diffraction
mask 280, a half-tone mask or any other partially transmitting
mask may alternatively be used.

As shown in FIG. 7C, when the photoresist 270 exposed
through the diffraction mask 280 is developed, a first photo-
resist pattern 270A and a second photoresist pattern 270B
having a certain thickness remain at the shield region III and
the slit region II. Also, a photoresist is completely removed at
the transmission region Ito expose a surface of the conductive
layer 230.

The first photoresist pattern 270A formed at the shield
region III has a thickness thicker than that of the second
photoresist pattern 270B formed at the slit region II. Also, a
photoresist formed at the transmission region I is completely
removed since a positive photoresist was used. However, not
only the positive photoresist but also a negative photoresist
can be applied to the present invention.

As shown in FIG. 7D, the polycrystalline silicon thin film
and the conductive layer formed below the first photoresist
pattern 270A and the second photoresist pattern 270B are
selectively removed using the first photoresist pattern 270A
and the second photoresist pattern 270B, thereby forming an
active pattern 224' consisting of the polycrystalline silicon
thin film on the substrate 210. A conductive layer pattern 230’
formed from the conductive layer patterned to have the same
pattern as the active pattern 224' remains on the active pattern
224'. Then, an ashing process for partially removing the first
photoresist pattern 270A and the second photoresist pattern
2708 is performed.

As shown in FIG. 7E, the second photoresist pattern on the
active pattern 224' of the slitregion Il having been diffraction-
exposed 1s completely removed to expose the surface of the
conductive layer pattern 230". The first photoresist pattern
remains at the shield region III as a third photoresist pattern
270A having a thickness obtained by removing the thickness
ofthe second photoresist pattern from the thickness of the first
photoresist pattern.

As shown in FIG. 7F, the conductive layer pattern 230" is
partially removed using the third photoresist pattern 270A" as
a mask, thereby forming a storage electrode 230" consisting
of the conductive layer.

As shown in FIG. 5B, a first insulation layer 215a, a first
conductive layer 240, and a second conductive layer 250 are
formed on an entire surface of the substrate 210. The first



US 8,665,386 B2

11

conductive layer 240 to constitute the pixel electrode can be
formed of a transparent conductive material having a high
transmittance such as indium-tin-oxide (ITO) or indium-
zinc-oxide (IZ0O). The second conductive layer 250 to consti-
tute the gate electrode and the common line is formed of an
opaque conductive material having a low resistance such as a
aluminum (Al), aluminum alloy (Al alloy), tungsten (W),
copper (Cu), chromium (Cr), molybdenum (Mo).

As shown in FIG. 5C, the pixel region and the n-channel
TFT region of the circuit region are entirely shielded by a first
shielding layer 270", and the p-channel TFT region of the
circuit region is partially shielded by the first shielding layer
270" formed of a photoresist (a second mask process). Then,
a first conductive layer and a second conductive layer ther-
ebelow are selectively patterned using the first shielding layer
270" as a mask, thereby forming a circuit region gate electrode
221p consisting of the second conductive layer at the p-chan-
nel TFT region of the circuit region. A gate electrode pattern
221p' consisting of the first conductive layer and patterned
having the same pattern as the circuit region gate electrode
221p is formed below the circuit region gate electrode 221p.

Then, highly-concentrated p+ ions are injected into the
p-channel TFT region of the circuit region using the first
shielding layer 270" as a mask, thereby forming a p+ source
region 224pa and a p+ drain region 224pb. A p-channel region
224 pc forms a conductive channel between the p+ source
region 224pa and the p+ drain region 224pb.

As shown in FIGS. 5D, 5E, and 6B, the p-channel TFT
region of the circuit region are entirely shielded by the second
shielding layer 270", and the n+ channel TFT region of the
pixel region and the n+ channel TFT region of the circuit
region are partially shielded by the second shielding layer
270" (a third mask process). Then, a first conductive layer and
a second conductive layer therebelow are selectively pat-
terned using the second shielding layer 270" as a mask,
thereby forming a circuit region gate electrode 221, agate line
216, and a circuit region gate electrode 221r consisting of the
second conductive layer at the n- channel TFT region of the
pixel region and the n-channel TFT region of the circuit
region. Accordingly, a common line 208 is formed on the
storage electrode 230". Below the pixel region gate electrode
221 and the circuit region gate electrode 221», formed are a
pixel region gate electrode pattern 221" and a circuit region
gate electrode pattern 221»' consisting of the first conductive
layer and patterned to have the same pattern as the pixel
region gate electrode 221 and the circuit region gate electrode
221n.

A pixel electrode 218 consisting of the first conductive
layer is formed at the pixel region by using the second shield-
ing layer 270'. Also, a second conductive layer pattern 250’
consisting of the second conductive layer and patterned to
have the same pattern as the pixel electrode 218 remains on
the pixel electrode 218. The gate electrodes 221, 221x, 221p,
the gate line 216, the storage electrode 230", and the pixel
electrode 218 have widths less than a width of the second
shielding layer 270" by over-etching the second conductive
layer by a wet-etching method. The common line 208 of the
pixel region overlaps the storage electrode 230" therebelow
with the first insulation layer 2154 being interposed therebe-
tween, thereby forming a first storage capacitor.

A highly-concentrated n+ ion is injected into the n+ chan-
nel TFT regions of the pixel region and the circuit region
using the second shielding layer 270" as a mask, thereby
forming n+ source regions 224a and 224nra and n+ drain
regions 224b and 224rb. The n-channel regions 224¢ and
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224nc form conductive channels between the n+ source
regions 224a and 224na and the n+ drain regions 2245 and
224nb.

As shown in FIG. 5F, the second shielding layer 270" is
removed and then n-ions of a low concentration are injected
into the entire surface of the substrate 210, thereby forming
lightly doped drain (LDD) regions 2241 between the n+
source regions 224a and 224na and the channel regions 224¢
and 224nc and between the n+ drain regions 2245 and 224nb
and the channel regions 224¢ and 224nc.

As shown in FIGS. 5G and 6C, a first inter-insulation layer
215b and a second inter-insulation layer 215" are deposited
on an entire surface of the substrate 210 and then partially
removed by a photolithography process (a fourth mask pro-
cess), thereby forming first contact holes 240a, 240ra, and
240pa for partially exposing the source regions 224a, 224na,
and 224pa and forming second contact holes 2405, 24015,
and 240pb for partially exposing the drain regions 2245,
224nb, and 224pb. The first inter-insulation layer 2154 and
the second inter-insulation layer 2154' above the pixel elec-
trode 218 are removed by the fourth mask process, thereby
forming a hole H for opening the pixel region. At the time of
forming the hole H, the first inter-insulation layer 2156 and
the second inter-insulation layer 2155' are removed towards
inside of the second conductive layer pattern 250" and the
pixel electrode 218, thereby partially covering the second
conductive layer pattern 250" and the pixel electrode 218 by
the first inter-insulation layer 2155 and the second inter-
insulation layer 2154".

The first inter-insulation layer can be formed of a double-
layer consisting of SiN_/SiO,. It is possible to perform an
activation thermal annealing after depositing the SiO, or to
perform a hydrogenation thermal annealing after depositing
the SiN,.. It is also possible to simultaneously perform hydro-
genation and activation by a single thermal annealing after
depositing the SiN_ and Si0,. The first inter-insulation layer
215b can be formed of a single layer of SiN_ or a triple-layer
consisting of Si0,/SiN,/SiO,, etc. The second inter-insula-
tion layer 2154' can be formed of an organic insulation layer
having a low dielectric constant such as a benzocyclobuten or
acryl resin. However, the second inter-insulation layer 2155’
canbe formed of the same inorganic insulation layer as that of
the first inter-insulation layer 2155. Alternatively, the second
inter-insulation layer 2156' may be formed of silicon oxide.

At the time of forming the second contact hole 2405 of the
pixel region, both the drain region 224b of the pixel region
and the storage electrode 230" can be partially exposed
together with each other. The drain region 2245 of the pixel
region and the storage electrode 230" can be partially exposed
separately from each other by forming two second contact
holes and then connecting to a drain electrode through the
contact holes.

As shown in FIGS. 5H and 6D, a third conductive layer is
deposited on an entire surface of the substrate 210 and then
selectively patterned using a photolithography process (a fifth
mask process), thereby forming source electrodes 222,222,
and 222p electrically connected to the source regions 224a,
224na, and 224pa through the first contact holes 240a, 240nq,
and 240pa, and forming drain electrodes 2245, 224rb, and
224pb electrically connected to the drain regions 2245,
224nb, and 224pb through the second contact holes 2405,
240nb, and 240pb. Herein, a portion of the source electrode
222 of the pixel region extends in one direction to be a part of
the data line 217. Also, a portion of the drain electrode 223 of
the pixel region extends towards the pixel region to overlap
the common line 208 formed therebelow with the first inter-
insulation layer 2156 and the second inter-insulation layer
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2154' being interposed therebetween, thereby constituting a
second storage capacitor. Also, a portion of the drain elec-
trode 223 extends towards the pixel region to constitute a
protrusion region 240. The drain electrode is directly con-
nected to the second conductive layer pattern 250" formed
therebelow to be electrically connected to the pixel electrode
218 through the protrusion region 240.

The third conductive layer of the pixel region and the
second conductive layer pattern formed therebelow are selec-
tively patterned through the fifth mask process, thereby
exposing the pixel electrode 218 of the pixel region out-
wardly. Herein, the patterning can be performed so that the
second conductive layer pattern 250" can remain on an upper
edge of the pixel electrode 218 to obtain a processing margin.
In the array substrate according to the second exemplary
embodiment of the present invention, the active pattern 224'
and the storage electrode 230" are formed through a single
mask process. Also, the pixel electrode 218 is simultaneously
patterned at the time of patterning gate lines, and the pixel
region is opened at the time of forming data lines to expose the
pixel electrode outwardly. Accordingly, the driving circuit
integrated array substrate foran LCD device can be fabricated
through five mask processes.

According to the second exemplary embodiment of the
present invention, the second inter-insulation layer 2154' is
formed of an organic material having alow dielectric constant
so that the pixel electrode 218 can partially overlap the data
line 217. Accordingly, an aperture ratio is enhanced.

FIG. 8 is a sectional view taken along line A-A' of the array
substrate of FIG. 4, in which the second inter-insulation layer
is formed of an organic material.

As shown, a pixel electrode 218 according to the second
exemplary embodiment is formed on a first insulation layer
215a, and a second conductive layer pattern 250" consisting
of a second conductive layer remains on an upper edge of the
pixel electrode 218. On the second conductive layer pattern
250", a first inter-insulation layer 2155 and a second inter-
insulation layer 215" are sequentially formed. The first inter-
insulation layer 2155 is formed of an inorganic material, and
the second inter-insulation layer 2155' is formed of an organic
material. A data line 217 can partially overlap the pixel elec-
trode 218 by forming the second inter-insulation layer 2154'
with an organic material having a low dielectric constant. As
the result, an aperture ratio of the pixel region is enhanced.

The second inter-insulation layer can be formed of the
same inorganic material as that of the first inter-insulation
layer, which will now be explained in detail. FIG. 9 is a
sectional view schematically showing an array substrate of an
LCD device according to a third exemplary embodiment of
the present invention, in which a second inter-insulation layer
is formed of an inorganic material.

As shown, a pixel electrode 318 according to the third
exemplary embodiment is formed on a first insulation layer
315a, and a second conductive layer pattern 350" consisting
of a second conductive layer remains on an upper edge of the
pixel electrode 318. On the second conductive layer pattern
350", a first inter-insulation layer 3155 and a second inter-
insulation layer 3152' are sequentially formed. The first inter-
insulation layer 3156 and the second inter-insulation layer
315b' are formed of an inorganic material.

As the first inter-insulation layer 3156 and the second
inter-insulation layer 3155" are formed of an inorganic mate-
rial, a data line 317 can be spaced from the pixel electrode
318. Here, the data line 317 is spaced from the pixel electrode
318 is to prevent signal interference due to a parasitic capaci-
tance generated between the data line 317 and the pixel elec-
trode 318. The parasitic capacitance depends on an insulating
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material interposed between the data line 317 and the pixel
electrode 318, that is, a dielectric constant between the first
inter-insulation layer 315b and the second inter-insulation
layer 3155'. When the first inter-insulation layer 3155 and the
second inter-insulation layer 3155' are formed of an inorganic
material having a larger dielectric constant than that of an
organic material, a size of the parasitic capacitance generated
between the data line 317 and the pixel electrode 318 is
increased. To prevent the parasitic capacitance from being
increased, the data line 317 is formed to be spaced from the
pixel electrode 318 formed therebelow.

Of course other variations in accordance with the present
invention can be used. For example, the inter-insulating layer
may be a single layer. In another exemplary alternative, the
first and second inter-insulation layers could be formed
thicker with the data line over the pixel electrode in a manner
similar to the structure of FIG. 8.

The array substrate according to the present invention is
bonded to the color filter substrate by a seal pattern formed at
an outer periphery of an image display region by a bonding
key. In the bonded structure, liquid crystal material is dis-
posed between the array substrate and the color filter sub-
strate.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the liquid crystal
display device and method for fabricating the same of the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display (LCD) device, comprising;

a first substrate having a pixel region;

an active pattern formed on the pixel region, and extends
toward the pixel region;

a storage electrode formed on the active pattern, and
formed of a conductive material;

a insulation layer formed on the first substrate having the
active pattern and the storage electrode;

a gate electrode on the insulation layer;

a pixel electrode formed in the pixel region, wherein the
pixel electrode is formed from a first conductive material
disposed in the pixel region and a second conductive
material disposed on the first conductive material along
edges of the pixel region, and wherein the gate electrode
1s formed from the second conductive material;

an inter-insulation layer formed on the insulation layer, the
gate electrode, and the pixel electrode, wherein first and
second contact holes are defined through the insulation
layer and the inter-insulation layer to the source and
drain regions of the active pattern, respectively, and
wherein an opening is defined through the inter-insula-
tion layer for opening the pixel region;

a source electrode electrically connected to the source
region through the first contact hole;

a drain electrode electrically connected to the drain region
through the second contact hole,

wherein a portion of the drain electrode extends towards
the pixel region to constitute a protrusion region and the
drain electrode is electrically connected to the pixel
electrode through the protrusion region;

a second substrate bonded to the first substrate; and

aliquid crystal layer disposed between the first and second
substrates.
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2. The LCD device of claim 1, wherein the inter-insulation
layer includes a first inter-insulation layer and a second intet-
insulation layer.

3. The LCD device of claim 2, wherein the first inter-
insulation layer is formed of an inorganic material, and
wherein the second inter-insulation layer is formed of an
organic material.

4. The LCD device of claim 3, wherein the pixel electrode
is formed on the insulation layer, and a second conductive
layer pattern consisting of the second conductive layer
remains on an upper edge of the pixel electrode.

5. The LCD device of claim 4, further comprising a data
line overlapping the second conductive layer pattern on the
second inter-insulation layer.

6. The LCD device of claim 1, wherein the first conductive
material includes a transparent conductive material, and
wherein the second conductive material includes an opaque
conductive material having a low resistance.

7. The LCD device of claim 1, further comprising a com-
mon line formed in the pixel region and overlaps the storage
electrode therebelow with the insulation layer being inter-
posed therebetween to define a first storage capacitor.

8. The LCD device of claim 7, wherein a portion of the
drain electrode extending towards the pixel region overlaps
the common line formed therebelow with the inter-insulation
layer being interposed therebetween, thereby constituting a
second storage capacitor.
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