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A method for fabricating an LCD device comprising: pro-
viding first and second substrates; forming an active area
having a source region, a drain region, a channel region, and
a storage region on the first substrate; forming a first
insulation film on the first substrate; forming a gate elec-
trode, a gate line and a pixel electrode on the first subsirate
and forming a storage line partially overlapping with the
storage region; forming a second insulation film on the first
substrate; forming first and second contact holes exposing a
portion of the source and drain regions by removing a
portion of the first and second insulation films and exposing
the pixel electrode by removing the second insulation film
on the pixel electrode; and forming a source electrode
electrically connected to the source region through the first
contact hole and forming a drain electrode electrically
connected to the drain region through the second contact
hole and partially overlapping with the storage line.
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LIQUID CRYSTAL DISPLAY DEVICE AND
FABRICATION METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. 72255/2004, filed on Sep. 9, 2004,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device and its fabrication method, and more
particularly, to an LCD device and its fabrication method
that prevents degradation of picture quality by forming a
storage capacitor, simplifies the fabrication process, and
enhances manufacturing yield by reducing the number of
masks used to fabricate a thin film transistor (TFT).

[0004]

[0005] Recently, as the demand for information displays
has increased, especially for use in portable (mobile) infor-
mation devices, research and development of light thin flat
panel displays (FPD), has increased.

[0006] Among FPDs, LCDs, exhibit excellent resolution
and color and picture quality, so LCDs are widely used in
notebook computers, desktop monitors or the like.

[0007] The liquid crystal display panel includes a first
substrate, namely, a color filter substrate, a second substrate,
namely, an array substrate, and a liquid crystal layer formed
between the color filter substrate and the array substrate.

[0008] In the liquid crystal display, a thin film transistor
(TET) is commonly used as a switching device. An amor-
phous silicon thin film or a polycrystalline silicon thin film
may be used as a channel layer of the TFT.

[0009] In fabricating the LCD device, a plurality of mask-
ing processes or photolithography process are required to
fabricate the LCD device including the TFT, so a method for
reducing the number of masking processes is beneficial in
increasing productivity.

[0010] The structure of a related art LCD device will now
be described with reference to FIG. 1.

[0011] FIG. 1is a plan view showing a portion of an array
substrate of the related art LCD device. Although actual
LCD devices include MxN pixels as the N gate lines and the
M data lines cross each other, only one pixel is shown in
FIG. 1 for the sake of explanation.

1. Field of the Invention

2. Description of the Related Art

[0012] As shown, a gate line 16 and a data line 17 are
arranged vertically and horizontally on an array substrate 10,
defining a pixel region. A TFT that is a switching device is
at the crossing of the gate line 16 and the data line 17. A pixel
electrode 18 is formed at each pixel region.

[0013] The TFT includes a gate electrode 21 connected to
the gate line 16, a source electrode 22 connected to the data
line 17, and a drain electrode 23 connected to the pixel
electrode 18. The TFT also includes a first insulation film
(not shown) and a second insulation film (not shown) for
insulating the gate electrode 21 from the source/drain elec-
trodes 22 and 23, and an active arca 24 that forms a
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conductive channel between the source and drain electrodes
22 and 23 when a gate voltage is supplied to the gate
electrode 21.

[0014] Through the first contact hole 40A formed in the
first and second insulation films, the source electrode 22 is
electrically connected with a source region of the active area
24 and the drain electrode 23 is electrically connected with
a drain region of the active arca 24.

[0015] A third insulation film (not shown) having a second
contact hole 40B is formed on the drain electrode 23, so that
the drain electrode 23 and the pixel electrode 18 are elec-
trically connected through the second contact hole 40B.

[0016] The process of fabricating the LCD device con-
structed as described will now be explained with reference
to FIGS. 2A to 2F.

[0017] FIGS. 2A to 2F are sequential sectional views of
the process for fabricating the LCD device of FIG. 1 taken
along line I-I'. The illustrated TFT is a polycrystalline silicon
1Fe that uses polycrystalline silicon as a channel layer.

[0018] As shown in FIG. 2A, the active arca 24 is formed
as a polycrystalline silicon thin film on the substrate 10 by
using a photolithography process (a first masking process).

[0019] Next, as shown in FIG. 2B, a first insulation film
15A and a conductive metal material are sequentially depos-
ited on the entire surface of the substrate 10 with the active
arca 24 formed thercon, and then, the conductive metal
material is selectively patterned by using the photolithog-
raphy process (a second masking process) to form the gate
electrode 21 over the active area 24 with the first insulation
film 15A interposed therebetween.

[0020] Thereafter, p+ type or n+ type source/drain regions
24A and 24B are formed at certain regions of the active arca
24 by injecting a high density impurity ion or dopant using
the gate electrode 21 as a mask. The source/drain regions
24A and 24B are ohmic contact regions that contact the
source/drain electrodes.

[0021] Then, as shown in FIG. 2C, the second insulation
film 15B is deposed on the entire surface of the substrate 10
with the gate electrode 21 and then, a portion of the first and
second insulation films 15A and 15B is removed through
photolithography (a third masking process) to form the first
contact hole 40A exposing a portion of the source/drain
regions 24A and 24B.

[0022] Subsequently, as shown in FIG. 2D, a conductive
metal material is deposited on the entire surface of the
substrate 10 and then patterned using photolithography (a
fourth making process) to form the source electrode 22
connected with the source region 24A and the drain elec-
trode 23 connected with the drain region 24B through the
first contact hole 40A. In this case, a portion of the conduc-
tive metal layer constituting the source electrode 22 extends
in one direction to form the data line 17.

[0023] And then, as shown in FIG. 2E, a third insulation
film 15C is deposited on the entire surface of the substrate
10, and then, the second contact hole 40B is formed,
exposing a portion of the drain electrode 23 using photoli-
thography (a fifth masking process).

[0024] Finally, as shown in FIG. 2F, a transparent con-
ductive metal material is deposited on the entire surface of
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the substrate 10 with the third insulation film 15C formed
thereon and then patterned by using photolithography (a
sixth masking process) to form the pixel electrode 18
connected with the drain electrode 23 through the second
contact hole 40B.

[0025] As described above, in fabricating the LCD device
including the polycrystalline silicon TFT, a total of six
photolithographs processes are required to form the active
area, the gate electrode, the first contact hole, the source/
drain electrodes, the second contact hole, and the pixel
electrode.

[0026] The photolithography process is a process of trans-
ferring a pattern formed on a mask onto a thin film deposited
on a substrate to form a desired pattern that includes a
plurality of processes such as applying a photosensitive
solution and exposing and developing processes. As a result,
the plurality of photolithography processes degrades the
production yield and increases the possibility that a fabri-
cated TFT is defective.

[0027] In particular, the masks designed to form the pat-
tern are expensive, so the increasing in the number of masks
used in the process leads to an increase in a fabrication cost.

[0028] Accordingly, the present invention is directed to
liquid crystal display device and fabrication method thereof
that substantially obviates one or more of the problems due
to limitations and disadvantages of the related art.

[0029] An advantage of the present invention is to provide
a liquid crystal display (LCD) device capable of reducing
the number of masks used for fabrication of a thin film
transistor (TFT) by simultaneously forming a gate electrode,
a gate line and a pixel electrode, and its fabrication method.

[0030] Another advantage of the present invention is to
provide an LCD device capable of enhancing picture quality
by forming a storage line and lowering resistance of the
storage line without an additional masking process, and its
fabrication method.

[0031] Another advantage of the present invention is to
provide an LCD device capable of preventing voltage drop
of a pixel unit and increasing storage capacitance by forming
a drain electrode at an upper portion of a storage line.

[0032] Additional features and advantages of the inven-
tion 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 particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0033] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a method for fabricating
an LCD device comprising: providing first and second
substrates; forming an active area having a source region, a
drain region, a channel region, and a storage region on the
first substrate; forming a first insulation film on the first
substrate; forming a gate electrode, a gate line and a pixel
electrode on the substrate and forming a storage line par-
tially overlapping with the storage region; forming a second
insulation film on the first substrate; forming first and second
contact holes exposing a portion of the source and drain
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regions by removing a portion of the first and second
insulation films and exposing the pixel electrode by remov-
ing the second insulation film on the pixel electrode; and
forming a source electrode electrically connected to the
source region through the first contact hole and forming a
drain electrode electrically connected to the drain region
through the second contact hole and partially overlapping
with the storage line.

[0034] In another aspect of the present invention, an LCD
device comprising: first and second substrates; an active area
formed of a silicon layer formed on the first substrate, the
active area having a storage region; a first insulation film
formed on the first substrate; a gate electrode, a gate line, a
storage line partially overlapping the storage region, and a
pixel electrode on the first substrate; a second insulation film
having first and second contact holes and exposing the pixel
electrode; and a source electrode connected to a source
region of the active area through the first contact hole and a
drain electrode connected to a drain region of the active area
through the second contact hole and partially overlapping
the storage line.

[0035] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0037]

[0038] FIG.1 is a plan view showing a portion of an array
substrate of a related art LCD device;

[0039] FIGS. 2A to 2F are sequential sectional view
showing a process of fabricating the LCD device taken
along line I-I' of FIG. 1,

[0040] FIG. 3 is a plan view showing a portion of an array
substrate of an LCD device in accordance with a first
embodiment of the present invention,

[0041] FIGS. 4A to 4D are sequential sectional views
showing a process of fabricating the LCD device taken
along line II-III' of FIG. 3;

[0042] FIGS. 5A to 5D are sectional views showing the
third masking process for forming the contact hole and
opening the pixel electrode region in FIG. 4C in accordance
with the first embodiment of the present invention;

[0043] FIG. 6 is a plan view showing a portion of an array
substrate of an LCD device in accordance with a second
embodiment of the present invention;

[0044] FIG.7 is a plan view showing a portion of an array
substrate of an LCD device in accordance with a third
embodiment of the present invention,

[0045] FIGS. 8A to 8D are sequential sectional views
showing a process of fabricating the LCD device taken
along line VII-VII' of FIG. 7,

In the drawings:
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[0046] FIGS. 9A to 9D are plan views sequentially show-
ing a process for fabricating the LCD device in accordance
with the third embodiment of the present invention; and

[0047] FIGS. 10A to 10E are sectional views showing
second and third masking processes in FIGS. 8B and 8C in
accordance with the third embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0048] Reference will now be made in detail to an embodi-
ment of the present invention, example of which is illus-
trated in the accompanying drawings.

[0049] An LCD device and its fabrication method in
accordance with the present invention will now be described
with reference to the accompanying drawings.

[0050] FIG. 3 is a plan view showing a portion of an array
substrate of an LCD device in accordance with a first
embodiment of the present invention, particularly showing
one pixel including a thin film transistor (TFT).

[0051] Although actual LCD device includes MxN pixels
as the N gate lines and the M data lines cross each other, only
one pixel is shown in FIG. 3 for the sake of explanation.

[0052] In this embodiment, a polycrystalline silicon TFT
using a polycrystalline silicon thin film as a channel layer is
used as an example, and the present invention is not limited
thereto and an amorphous silicon thin film may also be used
as the channel layer of the TFT.

[0053] As shown, a gate line 116 and a data line 117 arc
arranged vertically and horizontally on the array substrate
110, defining a pixel region. In addition, a TFT that is a
switching device is at the crossing of the gate line 116 and
the data line 117. A pixel electrode 150B formed in the pixel
region connects to the TFT and together with a common
electrode of a color filter substrate (not shown) drives the
liquid crystal (not shown). Herein, reference numeral 116'
denotes a previous gate line of an adjacent pixel.

[0054] The gate electrode 121, the gate line 116, and the
pixel electrode 150B are simultancously patterned and
formed through the same masking process. The gate elec-
trode 121 and the gate line 116 are formed with a dual
layer/structure including first and second conductive films,
and the pixel electrode 150B is formed as a single layer of
the first conductive film.

[0055] The TFT includes the gate electrode 121 connected
with the gate line 116, a source electrode 122 connected with
the data line 117 and a drain electrode 123 connected with
the pixel electrode 150B. In addition, the TFT also includes
first and second insulation films (not shown) for insulating
the gate electrode 121 from the source/drain electrodes 122
and 123, and an active arca 124 that forms a conductive
channel between the source electrode 122 and the drain
electrode 123 when a gate voltage is supplied to the gate
electrode 121.

[0056] The source electrode 122 is electrically connected
with a source region of the active area 124, and the drain
electrode 123 is electrically connected with a drain region of
the active area 124 through a contact hole 140 formed in the
first and second insulation films. The source electrode 122 is
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connected to the data line 117 to form an extension of the
data line 117, and a portion of the drain electrode 123
extends toward the pixel region to directly connect with the
pixel electrode 150B.

[0057] At this time, the gate electrode 121, the gate line
116, and the pixel electrode 150B are simultaneously pat-
terned using the same masking process. The gate electrode
121 and the gate line 116 are formed with a dual layer/
structure including first and second conductive films, and the
pixel electrode 150B is formed as a single layer including
only the first conductive film.

[0058] In the process of forming the contact hole 140, the
second insulation film positioned over the pixel electrode
150B is patterned according to the shape of the pixel
electrode 150B, completely exposing a surface of the pixel
electrode 150B, and the pixel electrode 150B is directly
connected to the drain electrode 123 electrically without a
contact hole.

[0059] Because the pixel electrode 150B, the gate elec-
trode 121, and the gate line 116 are simultaneously formed
on the same layer, and the pixel electrode 150B is expose
through the contact hole 140 and electrically connected
directly with the drain electrode 123, the number of masking
processes used to fabricate the TFT may be reduced. The
process of fabricating the LCD device will now be described
in detail.

[0060] FIGS. 4A to 4D are sequential sectional views
showing a process of fabricating the LCD device taken
along line III-1ITI' of FIG. 3.

[0061] Asshown in FIG. 4A, the active area 124 is formed
as a silicon layer on the substrate 110 made of a transparent
insulation material such as glass using a photolithography
process (a first masking process).

[0062] Also, a buffer layer may be formed using a silicon
oxide film (Si02) on the substrate 110, on which the active
area 124 may be formed. The buffer layer prevents infiltra-
tion of an impurity such as sodium (Na) in the glass substrate
110 into an upper layer during processing.

[0063] The silicon layer may be formed as an amorphous
silicon thin film or a crystallized silicon thin film, and in the
present invention, the TFT uses the crystallized polycrys-
talline silicon thin film. The polycrystalline silicon thin film
may be formed by using various crystallizing methods after
the amorphous silicon thin film is formed on the substrate,
which will be described as follows.

[0064] First, the amorphous silicon thin film may be
deposited using various methods, of which a typical method
is a low pressure chemical vapor deposition (LPCVD) or
plasma enhanced chemical vapor deposition (PECVD).

[0065] Thereafter, in order to remove hydrogen atoms
from in the amorphous silicon thin film, a dehydrogenation
process is performed, and then the silicon thin film crystal.
In order to crystallize the amorphous silicon thin film, solid
phase crystallization (SPC) in which the amorphous silicon
thin film is thermally treated in a high temperature furnace
or excimer laser annealing (ELA) using laser may be used.

[0066] Sequential lateral solidification (SLS) using ELA
improves crystallization characteristics by making crystal
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grains grow laterally (in a horizontal direction). SLS ELA
uses laser pulses to heat the amorphous silicon thin film.

[0067] The SLS uses the fact that grains grow in a per-
pendicular direction to an interface of liquid phase silicon
and solid phase silicon. By growing grains to a certain length
laterally and by controlling the level of laser energy, the size
of the silicon grains may be enhanced.

[0068] Next, as shown in FIG. 4B, a first insulation film
115A, a first conductive film and a second conductive film
are sequentially formed on the substrate 110, and then, the
second and first conductive films are selectively patterned
using the photolithography process (a second masking pro-
cess) to simultaneously form the gate electrode 121, the gate
line (not shown), and the pixel electrode 150B.

[0069] At this point, the gate electrode 121 includes a first
gate electrode pattern 150A formed as a transparent first
conductive film and a second gate electrode pattern 160A
formed as an opaque second conductive film, and a pixel
electrode pattern 160B including of the opaque second
conductive film that has been patterned in the same shape as
the pixel electrode 150 and that remains on the pixel
electrode 150B consisting of the transparent first conductive
film.

[0070] The first conductive film is made of a transparent
conductive material with excellent light transmittance such
as indium tin oxide (ITO) or indium zinc oxide (IZO), and
the second conductive film is made of a low-resistance
opaque conductive material such as aluminum, an aluminum
alloy, tungsten, copper, chromium, molybdenum or the like.

[0071] Next, an impurity ions (namely, dopant) are
injected into a certain region of the active area 124 using the
gate electrode 121 as a mask to form a source region 124A
and a drain region 124B, that become ohmic contract layers.

[0072] As shown in FIG. 4C, a second insulation film
115B is deposited on the entire surface of the substrate 110
with the gate electrode 121, the gate line 116, and the pixel
¢lectrode 150B formed thereon, and then, the second insu-
lation film 115B and the first insulation film 115A are
selectively patterned by the photolithography process (a
third masking process) to form the contact hole 140 on the
source/drain regions 124 A and 124B and to expose the pixel
electrode 150B region. In this embodiment of the present
invention, the pixel electrode 150B region is exposed by
using a contact hole mask as large as or larger than the pixel
electrode 150B. This will now be described with reference
to the accompanying drawings.

[0073] FIGS. 5A to 5D are sectional views showing the
third masking process for forming the contact hole and
exposing the pixel electrode region in FIG. 4C in accor-
dance with the first embodiment of the present invention.

[0074] As shown in FIG. 5A, a sccond insulation film
115B, namely, an interlayer insulation film, is formed on the
entire surface of the substrate 110 on which the gate elec-
trode 121, the gate line, and the pixel electrode 150B have
been formed.

[0075] After a photosensitive film 170 made of a photo-
sensitive material such as photoresist is formed on the entire
surface of the substrate 110, light is selectively irradiated
onto the photosensitive film 170 through a contact hole mask
(not shown) of this embodiment.
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[0076] Subsequently, when the exposed photosensitive
film 170 is developed, as shown in FIG. 5B, a certain
photosensitive film pattern 170" which has been patterned
according to the form of the mask remains on the upper
portion of the second insulation film 115B.

[0077] In this case, the region from which the photosen-
sitive film 170 has been removed is the contact hole expos-
ing a portion of the source/drain regions 124A and 124B of
the active area 124 by the etching insulation film and the
region of the pixel electrode 150B exposing the pixel
electrode 150B.

[0078] A mask designed with having the same size as the
pixel electrode 150B is applied to pattern the second insu-
lation film 115B according to the shape of the pixel electrode
150B, but the present invention is not limited thereto, and a
mask designed to be larger than the pixel electrode 150B
may also be applied.

[0079] The pixel electrode pattern 160B of the opaque
second conductive film remaining on the pixel electrode
150B is completely removed through an etching process.

[0080] In other words, when the second insulation film
115B and the first insulation film 115A are selectively
removed by using the photosensitive film pattern 170" as the
mask, as shown in FIG. 5C, the contact hole 140 exposing
a portion of the source/drain regions 124A and 124B of the
active arca 124 is formed and, at the same time, the second
insulation film 115B of the pixel electrode 150B is properly
patterned according to the shape of the pixel electrode 150B.

[0081] Subsequently, the second conductive film is etched
by using the photosensitive film pattern 170' to completely
remove the pixel electrode pattern 160B remaining on the
pixel electrode 150B.

[0082] Then, as shown in FIG. 5D, the contact hole 140
exposing the source/drain regions 124A and 124B of the
active area 124 is formed and, at the same time, the pixel
electrode 150B region completely exposes the surface of the
pixel electrode 150B through one masking process.

[0083] Next, as shown in FIG. 4D, a third conductive film
is deposited on the entire surface of the substrate 110 and
then patterned through the photolithography process (a
fourth masking process) to form the source electrode 122
electrically connected with the source region 124A and the
drain electrode 123 electrically connected with the drain
region 124B through the contact hole 140.

[0084] A portion of the source electrode 122 extends in
one direction to form the data line 117 and a portion of the
drain electrode 123 extends toward the pixel electrode so as
to be electrically connected to the pixel electrode 150B.
Because the drain electrode 123 is directly connected with
the pixel electrode 150B, rather than through a contact hole
formed by an additional masking process, a process to form
a contact hole is not necessary, and thus one masking
process may be omitted.

[0085] In the process of fabricating the LCD device in
accordance with the first embodiment of the present inven-
tion, the gate electrode, the gate line, and the pixel electrode
are simultancously patterned and one process to form a
contact hole is reduced, so that two masking processes are
eliminated compared with a related art fabrication process.
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Accordingly, the yield may be increased thanks to simpli-
fying of the fabrication process, and the fabrication cost may
be reduced.

[0086] Meanwhile, in general, the pixel electrode of the
array substrate 110 forms a liquid crystal capacitor together
with the common electrode of the color filter substrate. A
voltage applied to the liquid crystal capacitor is not main-
tained, but leaks away until a next signal is received. Thus,
in order to maintain the applied voltage, the storage capaci-
tor must be connected to the liquid crystal capacitor and
used.

[0087] The storage capacitor stabilizes the gray scale
display and reduces flicker and a residual images as well as
maintaining of the picture signal. An LCD device having the
storage capacitor in accordance with the present invention
will now be described

[0088] FIG. 6 is a plan view showing a portion of an array
substrate of an LCD device in accordance with a second
embodiment of the present invention. An LCD device with
a storage on common (SOC) structure in which storage
capacitor is formed in a pixel region by using a storage line
is shown in FIG. 6.

[0089] The LCD device in accordance with the second
embodiment of the present invention has the same construc-
tion as the LCD device in accordance with the first embodi-
ment, except for the construction of the storage capacitor.

[0090] As shown, a gate line 216 and a data line 217 are
arranged vertically and horizontally on the array substrate
210, defining a pixel region. In addition, a TFT that is a
switching device is at the crossing of the gate line 216 and
the data line 217. A pixel electrode 250B is formed in the
pixel region connects to the TFT and together with a
common electrode of a color filter substrate (not shown)
drives the liquid crystal (not shown).

[0091] The gate electrode 221, the gate line 216, and the
pixel electrode 250B are simultancously patterned and
formed through the same masking process. The gate elec-
trode 221 and the gate line 216 are formed with a dual layer
structure including first and second conductive films, and the
pixel electrode 250B is formed as a single layer of the first
conductive film.

[0092] The TFT includes the gate electrode 221 connected
with the gate line 216, a source electrode 222 connected with
the data line 217, and a drain electrode 223 connected with
the pixel electrode 250B. In addition, the TFT also includes
first and second insulation films (not shown) for insulating
the gate electrode 221 from the source/drain electrodes 222
and 223, and an active arca 224 that forms a conductive
channel between the source electrode 222 and the drain
electrode 223 when a gate voltage is supplied to the gate
electrode 221.

[0093] Next, a storage line 290 is formed parallel to the
gate line 216, and the storage line 290 includes a storage
electrode 290A that forms a storage capacitor by overlap-
ping with a portion of the pixel electrode 250B in the pixel
region. Namely, the storage electrode 290A forms the stor-
age capacitor together with the pixel electrode 250B, with
the first insulation film interposed therebetween.

[0094] In order to make the fabrication process simpler,
the storage line 290 including the storage electrode 290A
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may be formed of the same silicon layer as the active area
224 when the active area 224 is formed.

[0095] Inthe LCD device with the 4-mask structure of this
embodiment, because the storage line 290 is formed using
the non-doped silicon layer constituting the active area 224,
it has relatively high resistance compared with a metal
storage line. Because the storage line 290 is formed entirely
on a liquid crystal display panel along the gate line 216,
power consumption of the LCD device increases due to the
resistance of the storage line 290.

[0096] In addition, the high resistance of the storage line
290 affects the electrical characteristics of the storage
capacitor, degrading picture quality such as a flicker of the
liquid crystal display panel.

[0097] Thus, in order to solve such a problem, a certain
region of the active area extends toward the pixel electrode
to form the storage region, and the storage line constituting
the storage capacitor is formed by overlapping with the
storage region using a low-resistance gate metal whereby the
storage capacitor is formed without a masking process and
the resistance of the storage line may be reduced.

[0098] The storage line can be positioned between the gate
line and a lower surface of the pixel electrode. In this case,
the drain electrode electrically connecting the active area
and the pixel electrode is formed between the storage line
and a close pixel electrode. When the active area extends
toward the pixel electrode and the drain region is formed
between the pixel electrode and the storage line and the drain
region and the pixel electrode are electrically connected
through the drain electrode, the length of a path from the
source region and the channel region to the drain region is
so long causing an increase resistance and causing a voltage
applied to pixels to drop.

[0099] Thus, in order to solve the problem, the drain
region is formed near the channel region between the storage
line and the gate line and the drain electrode extends to
connect with the pixel electrode through the upper portion of
the storage line, in order to prevent a voltage drop on the
pixel and to increase the storage capacitance. This will now
be described in a third embodiment of the present invention.
Reference numeral 216" denotes a previous gate line with
respect to a corresponding pixel.

[0100] FIG.7 is a plan view showing a portion of an array
substrate of an LCD device in accordance with a third
embodiment of the present invention.

[0101] As shown, a gate line 316 and a data line 317 are
arranged vertically and horizontally on the array substrate
310, defining a pixel region. In addition, a TFT that is a
switching device is at the crossing of the gate line 316 and
the data line 317. A pixel electrode 350B formed in the pixel
region connects to the TFT and together with a common
electrode of a color filter substrate (not shown) drives the
liquid crystal (not shown).

[0102] The gate electrode 321, the gate line 316, and the
pixel electrode 350B are simultancously patterned and
formed through the same masking process. The gate elec-
trode 321 and the gate line 316 are formed with a dual layer
structure including first and second conductive films, and the
pixel electrode 3508 is formed as a single layer of the first
conductive film.
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[0103] A storage line 390 with a storage on common
(SOC) structure for a storage capacitor is formed between
the gate line 316 and a lower surface of the pixel electrode
350B.

[0104] The TFT includes the gate electrode 321 connected
with the gate line 316, a source electrode 322 connected with
the data line 317, and a drain electrode 323 formed extend-
ing to an upper portion of the storage line 390 so as to
connect with the pixel electrode 350B. In addition, the TFT
also includes first and second insulation films (not shown)
for insulating the gate electrode 321 from the source/drain
electrodes 322 and 323, and an active area 324 that forms a
conductive channel between the source electrode 322 and
the drain electrode 323 when a gate voltage is supplied to the
gate electrode 321.

[0105] The source electrode 322 is electrically connected
with the source region of the active area 324 through a first
contact hole 340A formed in the first and second insulation
films, and the drain electrode 323 is electrically connected
with the drain region of the active arca 324 through a second
contact hole 340B. The source electrode 322 is connected to
the data line 317 to constitute an extension of the data line
317, and a portion of the drain electrode 323 extends toward
the pixel region so as to directly connect with the pixel
electrode 350B.

[0106] In this embodiment, the active arca 324 extends
toward the pixel region to form a storage region 324D (not
shown), and the storage region 324D forms the storage
capacitor by overlapping with the storage line 390 which is
formed parallel with the gate line 316.

[0107] In addition, the pixel electrode 350B connected
with the drain region through the drain electrode 323 is
simultaneously formed by the same masking process
together with the gate electrode 321 and the gate line 316
like in the first and second embodiments. The gate electrode
321 and the gate line 316 are formed with a dual layer
structure including first and second conductive films, and the
pixel electrode 350B is formed as a single layer of only the
first conductive film.

[0108] The storage line 390 in parallel with the gate line
316 is formed of the same low-resistance conductive mate-
rial as the gate metal when the gate electrode 321 and the
gate line 316 are formed, whereby the resistance of the
storage line 390 may be reduced.

[0109] As mentioned above, the storage line 390 creates a
storage capacitor by partially overlapping with the extended
storage region 324D of the active area 324 with the first
insulation film interposed therebetween.

[0110] The drain electrode 323 extends to an upper portion
of the storage line 390 to electrically connect with the pixel
electrode 350B, thereby preventing a voltage drop in the
pixel, and because the portion overlapping with the storage
line 390 forms the storage capacitor, the overall storage
capacitance increases and thus picture quality may be
enhanced.

[0111] In this manner, the storage line 390 is formed of the
low-resistance conductive material of the gate metal layer
when the gate electrode 321 and the gate line 316 are
formed, and the drain electrode 323 extends up to the upper
portion of the storage line 390, so that the resistance of the
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storage line 390 may be reduced, and the voltage drop in the
pixel can be prevented, and thus, degradation of picture
quality in the second embodiment can be prevented. This
will now be described in detail by the process of fabricating
the LCD device as follows. Reference numeral 316' denotes
a previous gate line with respect to a corresponding pixel.

[0112] FIGS. 8A to 8D are sequential sectional views
showing a process of fabricating the LCD device taken
along line VII-VII' of FIG. 7, and FIGS. 9A to 9D are plan
views sequentially showing a process for fabricating the
LCD device in accordance with the third embodiment of the
present invention.

[0113] With reference to FIGS. 8A and 9A, an active area
324 is formed as a silicon layer on a substrate 310 made of
a transparent insulation material such as glass using the
photolithography process (a first masking process).

[0114] The active area 324 includes a storage region 324D
extending toward a pixel electrode, and the storage region
324D forms a storage capacitor by overlapping with a
storage line to be formed in a follow-up process.

[0115] In other words, the active area 324 includes a first
area 324' having rectangular source region, channel region,
and drain region, and a second area 324" having the storage
region 324D formed in parallel with the first pattern 324" as
one end of the first pattern 324' extends toward the pixel
electrode. However, the present invention is not limited to
this form of the active area 324, and the first pattern 324'
may include the storage region 324D, and the active area
324 may be formed such that the storage region 324D forms
the storage capacitor by overlapping with the storage line to
be formed in a follow-up process.

[0116] Next, as shown in FIGS. 8B and 9B, the first
insulation film 315A and the first and second conductive
films are sequentially formed on the entire surface of the
substrate 310, and then, the second and first conductive films
are selectively patterned by using the photolithography
process (a second masking process) to simultaneously form
the gate electrode 321, the gate lines 316 and 316, the
storage line 390, and the pixel electrode 350B.

[0117] The gate line 316 and the previous gate line 316' of
the adjacent pixel are shown with different reference numer-
als for their discrimination from the storage line 390 formed
on the same layer. The gate line 316 and the previous gate
line 316’ of the adjacent pixel have the same construction
through the same fabrication process.

[0118] The storage line 390 is formed to overlap the upper
portion of the storage region of the active area 324 to form
the storage capacitor with the storage region 324D with the
insulation film 315A interposed therebetween.

[0119] High density impurity ions are injected into a
certain region of both ends of the active area 324 by using
the gate electrode 321 and the storage line 390 as masks to
form the source region 324A and the drain region 324B.

[0120] Thereafter, as shown in FIGS. 8C and 9C, a
second insulation film 315B is deposited on the entire
surface of the substrate 310, and then, the second insulation
film 315B and the first insulation film 315A are selectively
patterned through the photolithography process (a third
masking process), to form the contact holes 340A and 340B
at the source/drain regions 324A and 324B and to expose the
pixel electrode 3508 region.
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[0121] In this manner, the gate electrode 321, the gate
lines 316 and 316/, the storage line 390, and the storage
electrode 350B are simultaneously patterned by the second
masking process, and the contact holes 340 exposing the
source/drain regions 324A and 324B are formed and the
pixel electrode 350B region is exposed by the third masking
process. Thus, compared to the related art LCD fabrication
process, two iterations of the masking processes may be
eliminated.

[0122] In addition, because the storage line 390 is formed
through a second masking process, an additional masking
process is not required, and because the storage line 390 is
formed of the same low-resistance conductive material as
the gate metal, picture quality may be enhanced by the
reduction of storage line resistance. This process will now be
described in detail with reference to the accompanying
drawings.

[0123] FIGS. 10A to 10E are detailed sectional views
showing second and third masking processes in FIGS. 8B
and 8C in accordance with the third embodiment of the
present invention.

[0124] As shown in FIG. 10A, the first insulation film
315A or gate insulation film, and the first and second
conductive films 350 and 360 are sequentially formed on the
entire surface of the substrate 310 with the active area 324
including the storage region 324D formed by the first
masking process.

[0125] The first conductive film 350 is made of a trans-
parent conductive material with excellent light transmittance
such as indium tin oxide (ITO) or indium zinc oxide (IZO)
for forming the pixel electrode, and the second conductive
film 360 is made of a low-resistance opaque conductive
material such as aluminum, an aluminum alloy, tungsten,
coppet, chromium, molybdenum or the like for forming the
gate electrode and the gate line.

[0126] The second conductive film 360 may also be made
of the same transparent conductive material as the fist
conductive film 350.

[0127] When the second conductive film 360 and the first
conductive film 350 are selectively patterned through the
second masking process for patterning the gate electrode, the
gate line, the storage line, and the pixel electrode, as shown
in FIG. 10B, the gate electrode 321 and the gate line (not
shown) are formed on the substrate 310 and simultaneously
the storage line 390 and the pixel electrode 350B are formed.

[0128] The gate electrode 321 includes a first gate elec-
trode pattern 350A formed of the transparent first conductive
film and a second gate electrode pattern 360A formed of the
opaque second conductive film, and the storage line 390
includes a first storage line pattern 350C formed of the first
conductive film and a second storage line pattern 360C
formed as the second conductive film. A pixel electrode
pattern 360B formed as an opaque second conductive film
patterned in the same shape as the pixel electrode 350B
remains on the pixel electrode 350B.

[0129] Thus, because the storage line 390 is formed with
the low-resistance conductive materials 350 and 360, the
above-mentioned problem of degraded picture quality due to
the resistance of the storage line may be prevented.
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[0130] Thereafter, high density impurity ions or dopant is
injected into a certain region of the active area 324 by using
the gate electrode 321 as a mask to form a source region
324 A and a drain region 324B. The gate electrode 321 serves
as an ion mask preventing infiltration of the dopant into the
channel region 324C of the active area 324.

[0131] Electrical characteristics of the active area 324 may
change according to a type of the injected dopant. If the
injected dopant is a 3-group element such as boron (B), the
TFT operates as a P-type TFT, while if the injected dopant
is a 5-group element such as phosphorous (P), the TFT
operates as an N-type TFT.

[0132] A portion of the storage line 390 overlapping with
the storage region 324D forms a storage capacitor with the
storage region 324D that overlaps therewith with the first
insulation film 315A interposed therebetween.

[0133] After the ion injection process, an activation pro-
cess may be performed to activate the injected dopant.

[0134] Then, as shown in FIG. 10C, the second insulation
film 315B or an interlayer insulation film is formed on the
entire surface of the substrate 310 over the gate electrode
321, the gate line, the storage line 390, and the pixel
electrode 350B.

[0135] The second insulation film 315B may be made of
a transparent organic insulation material such as benzocy-
clobutene (BCB) or an acrylic resin for a high aperture ratio.

[0136] Next, a photosensitive film 370 made of a photo-
sensitive material such as photoresist is formed on the entire
surface of the substrate 310, and then, light is selectively
irradiated onto the photosensitive film 370 through a mask
(not shown).

[0137] Subsequently, when the exposed photosensitive
film 370 is developed, a photosensitive film pattern 370/,
which has been patterned according to the mask pattern,
remains on the second insulation film 315B as shown in
FIG. 10D.

[0138] The photosensitive film paitern 370" has removed
regions that correspond to a contact hole region exposing a
portion of the source/drain regions 324A and 324B of the
active area 324 and the pixel electrode 350B region expos-
ing the surface of the pixel electrode 350B.

[0139] The second insulation film 315B over an upper
portion of the pixel electrode 350B is patterned according to
the shape of the pixel electrode 350B by applying a mask
having the same shape as the pixel electrode 350B, whereby
the pixel electrode pattern 360B made of the opaque second
conductive film may be completely removed through an
etching process. However, the present invention is not
limited thereto, and the pixel electrode 350B region can be
exposed by using a mask designed to be larger than the pixel
electrode 350B.

[0140] The second insulation film 315B and the first
insulation film 315A are selectively removed by using the
patterned photosensitive film pattern 370" formed thereon as
a mask. Then, as shown in FIG. 10E, first and second
contact holes 340A and 340B are formed exposing a portion
of the source/drain regions 324A and 324B of the active area
324, and simultaneously, the second insulation film 3151B
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formed at the upper portion of the pixel electrode 350B is
patterned according to the form of the pixel electrode 350B
and removed.

[0141] Then, an etching process 1s performed on the
second conductive film by using the photosensitive film
pattern 370" as a mask to completely remove the pixel
electrode pattern 160B remaining on the pixel electrode
350B.

[0142] After the photosensitive film pattern 370" is
removed, as shown in FIGS. 8C and 9C, the contact holes
340A and 340B exposing the source/drain regions 324A and
324B of the active area 324 are formed, and simultaneously,
the surface of the pixel electrode 350B is exposed.

[0143] Next, as shown in FIGS. 8D and 9D, the third
conductive film is deposited on the entire surface of the
substrate 310 and then patterned through the photolithogra-
phy process (a fourth masking process) to form the source
electrode 322 electrically connected to the source region
324A through the first contact hole 340A and the drain
electrode 323 electrically connected to the drain region
324B through the second contact hole 340B.

[0144] In this case, the third conductive film is directly
formed on the pixel electrode 350B, so a portion of the drain
electrode 323 and the pixel electrode 350B are directly
connected.

[0145] Aportion of the drain electrode 323 extends toward
the pixel electrode to be electrically connected with the pixel
electrode 350B through the upper portion of the storage line
390, and this portion of the drain electrode 323 forms the
second storage capacitor together with the storage line 390
overlapping with the storage line 390 with the second
insulation film 315B interposed therebetween.

[0146] At this time, the second storage capacitor is con-
nected in parallel with the first storage capacitor to increase
the overall storage capacitance, and accordingly, picture
quality of the liquid crystal display pancl may be enhanced.

[0147] The LCD device and its fabrication method of the
present invention have many advantages. For example, first,
because the gate electrode, the gate line, and the pixel
electrode are simultaneously patterned, the number of masks
used for fabrication of the TFT may be reduced and thus the
fabrication process and cost can be reduced. Second,
because the storage line is simultaneously formed by pat-
terning the gate metal layer, a stable storage capacitance can
be obtained and degradation of picture quality due to resis-
tance of the storage line in the LCD device with the
four-mask structure can be prevented. Third, because the
drain electrode connecting the drain region and the pixel
electrode extends to the storage line, a voltage drop on the
pixel can be prevented and sufficient storage capacitance can
be obtained. Thus, picture quality of the liquid crystal
display panel may be enhanced.

[0148] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.
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What is claimed is:
1. A method for fabricating an LCD device comprising:

providing first and second substrates;

forming an active area having a source region, a drain
region, a channel region, and a storage region on the
first substrate;

forming a first insulation film on the first substrate;

forming a gate electrode, a gate line and a pixel electrode
on the substrate and forming a storage line partially
overlapping with the storage region,

forming a second insulation film on the first substrate;

forming first and second contact holes exposing a portion
of the source and drain regions by removing a portion
of the first and second insulation films and exposing the
pixel electrode by removing the second insulation film
on the pixel electrode; and

forming a source electrode electrically connected to the
source region through the first contact hole and forming
a drain electrode electrically connected to the drain
region through the second contact hole and partially
overlapping with the storage line.
2. The method of claim 1, wherein the active area is
formed of a silicon layer.
3. The method of claim 2, wherein the silicon layer is
formed of a crystallized silicon layer.
4. The method of claim 1, wherein forming the gate
electrode, the gate line, and the pixel electrode comprises:

forming first and second conductive films on the first
substrate; and

patterning the first and second conductive films to form a
gate electrode, a gate line, a storage line, and a pixel
electrode.

5. The method of claim 4, wherein the gate electrode, the
gate line, and the storage line have a dual layer structure and
the pixel electrode has a single layer structure of the first
conductive film.

6. The method of claim 4, wherein one of the first and
second conductive film is formed of one of indium tin oxide
(ITO) and indium zinc oxide (IZO).

7. The method of claim 4, wherein the second conductive
film is formed of one of aluminum, an aluminum alloy,
tungsten, copper, chromium and molybdenum.

8. The method of claim 1, wherein the contact holes are
formed using a contact hole mask that includes a mask
pattern for exposing the pixel electrode.

9. The method of claim 8, wherein the second insulation
film on the pixel electrode is removed using the contact hole
mask.

10. The method of claim 8, wherein the second conductive
film on the pixel electrode is removed to expose the pixel
electrode after removing the first and second insulation
films.

11. The method of claim 1, wherein the storage region of
the active area is positioned between the gate line and a
lower portion of the pixel electrode.

12. The method of claim 1, wherein the storage line is
substantially parallel to the gate line.

13. The method of claim 1, wherein the storage line is
formed in an upper portion of the storage region and
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partially overlaps the storage region with the first insulation
film interposed therebetween to form a first storage capaci-
tor.

14. The method of claim 11, wherein the storage line is
formed in an upper portion of the storage region and
partially overlaps the storage region with the first insulation
film interposed therebetween to form a first storage capaci-
tor.

15. The method of claim 1, wherein the drain electrode
extends toward the pixel electrode by crossing an upper
portion of the storage line.

16. The method of claim 15, wherein the drain electrode
electrically connects to the drain region and the pixel
electrode.

17. The method of claim 1, wherein the drain electrode
crosses an upper portion of the storage line and a portion
overlaps with the storage line with the second insulation film
interposed therebetween to form a second storage capacitor.

18. The method of claim 15, wherein the drain electrode
crosses an upper portion of the storage line and a portion
overlaps with the storage line with the second insulation film
interposed therebetween to form a second storage capacitor.

19. The method of claim 1, further comprising implanting
impurity ions into a region of the active area using the gate
electrode as a mask to form the source and drain regions.

20. The method of claim 19, wherein the impurity ions
include at least one of a Group III and a Group V element.

21. The method of claim 20, wherein the Group III
element includes boron (B) and the Group V element
includes phosphorous (P).

22. The method of claim 1, further comprising forming a
liquid crystal layer between the first and second substrates.

23. An LCD device comprising:

first and second substrates;

an active area formed of a silicon layer on the first
substrate, the active area having a storage region,

a first insulation film formed on the first substrate;

a gate electrode, a gate line, a storage line partially
overlapping the storage region, and a pixel electrode on
the first substrate;

a second insulation film having first and second contact
holes and exposing the pixel electrode; and

a source electrode connected to a source region of the
active area through the first contact hole and a drain
electrode connected to a drain region of the active area
through the second contact hole and partially overlap-
ping the storage line.
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24. The device of claim 23, wherein the gate electrode and
the gate line is formed of first and second conductive films
and the pixel electrode is formed of the first conductive film.

25. The device of claim 24, wherein one of the first and

second conductive films is formed of one of indium tin oxide
(ITO) and indium zinc oxide (IZO).

26. The device of claim 24, wherein the second conduc-
tive film is formed of one of aluminum, an aluminum alloy,
tungsten, copper, chromium, and molybdenum.

27. The device of claim 23, wherein the gate electrode, the
gate line, the storage line, and the pixel electrode are
simultancously patterned.

28. The device of claim 23, wherein the active area
comprises:

a first area; and

a second area extends toward the pixel electrode.

29. The device of claim 28, wherein the first area of the
active area is formed in one direction and includes the source
region, the channel region, and the drain region.

30. The device of claim 28, wherein the second area of the
active area is substantially parallel to the gate line and
includes the storage region overlapping with the storage
line.

31. The device of claim 23, wherein the pixel electrode is
on the same layer of the gate electrode and the gate line.

32. The device of claim 23, wherein the second insulation
film on the pixel electrode is patterned as the structure of the
pixel electrode to substantially completely expose the pixel
electrode.

33. The device of claim 24, wherein the storage line has
a dual layer structure formed of the first and second con-
ductive films.

34. The device of claim 23, wherein the storage line is
positioned between the gate line and a lower portion of the
pixel electrode, and a portion of the storage line overlaps the
storage region to form a first storage capacitor with the first
insulation film.

35. The device of claim 23, wherein the drain electrode
electrically connects the drain region of the active area and
the pixel electrode, and a portion of the drain electrode
overlaps the storage line to form a second storage capacitor
with the second insulation film.

36. The device of claim 23, further comprising a liquid
crystal layer between the first and second substrates.
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