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A liquid crystal display panel and a fabricating method
thereof for improving an aperture ratio. The liquid crystal
display panel of a horizontal electric field applying type
including: a gate line formed on a substrate; a data line
crossing the gate line, with a gate insulating film positioned
therebetween, the crossing of the data line and gate line
defining a pixel region; a thin film transistor including a
source electrode and a drain electrode formed at the crossing
of the gate and data lines; a passivation film for protecting
the thin film transistor; a common line overlapped with and
insulated from at least one of the gate line and the data line;
a common electrode connected to the common line and
formed in the pixel region; and a pixel electrode connected
to the drain electrode, wherein a horizontal electric field is
formed between the common electrode and the pixel elec-
trode.

116 —~
I _‘ 2102
118
1054+ ~_1 JINE
i1 d113 ~—118
Te*t—t-—T-—t— " T —T T —- —----—-—pm"
y T~ 114B
4 A - Y
104 i e /114A>114
T
106 | s
! ]
oa L] 115 n o
| Aihe
T |Lya

1102

-
1107 ~




Patent Application Publication Dec. 30, 2004 Sheet 1 of 32 US 2004/0263751 Al

FIG.1

RELATED ART
_ 20 ~
C / 2
= 2 — )16
/*—\\\_p/MB
14C-H14
1 14A
4-] | //
// /"“\\__/1 8
NEBERE N = _
10 — ﬂ
S R o
C . | -
12 ~



Patent Application Publication Dec. 30, 2004 Sheet 2 of 32 US 2004/0263751 Al

FIG.2

RELATED ART




Patent Application Publication Dec. 30, 2004 Sheet 3 of 32 US 2004/0263751 Al

FIG.3A

RELATED ART




Patent Application Publication Dec. 30, 2004 Sheet 4 of 32 US 2004/0263751 Al

FIG.3B

RELATED ART

18



Patent Application Publication Dec. 30, 2004 Sheet 5 of 32 US 2004/0263751 Al
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LIQUID CRYSTAL DISPLAY DEVICE OF A
HORIZONTAL ELECTRONIC FIELD APPLYING
TYPE AND FABRICATING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. P2003-42944 filed on Jun. 28, 2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display panel having a horizontal electric field. More par-
ticularly, the present invention relates to a liquid crystal
display panel and a method of fabricating the same that
improve an aperture ratio.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display (LCD) device
controls light transmittance of liquid crystal material using
an electric field to display a picture. The liquid crystal
display device is classified into a vertical electric field type
and a horizontal electric field type based upon a direction of
the electric field driving the liquid crystal.

[0006] The liquid crystal display device of the vertical
electric field type, in which a common electrode formed on
an upper substrate and a pixel electrode formed on a lower
substrate are arranged to face each other, drives a liquid
crystal of a twisted nematic (TN) mode using a vertical
electric field formed between the common electrode and the
pixel electrode. The liquid crystal display device of the
vertical electric field type has an advantage of a large
aperture ratio; however, it has a defect of a narrow viewing
angle of about 90°.

[0007] The liquid crystal display device of the horizontal
electric field type drives a liquid crystal of an in-plane switch
(hereinafter referred to as “IPS”) mode using a horizontal
electric field between the pixel electrode and the common
electrode parallel on the lower substrate. The liquid crystal
display device of the horizontal electric field type has an
advantage of a wide viewing angle of about 160°. Herein-
after, the liquid crystal display device of horizontal electric
field type will be described in detail.

[0008] The liquid crystal display device of the horizontal
electric field type includes a thin film transistor array sub-
strate (a lower substrate) and a color filter array substrate (an
upper substrate) that face and are joined to each other, a
spacer for uniformly maintaining a cell gap between the two
substrates and a liquid crystal injected into a space provided
by the spacer.

[0009] The thin film transistor array substrate includes a
plurality of signal lines for forming a horizontal electric field
on a basis of a pixel, a plurality of thin film transistors, and
an alignment film applied for a liquid crystal alignment
thereon. The color filter array substrate includes a color filter
for representing a color, a black matrix for preventing light
leakage and an alignment film applied for a liquid crystal
alignment thereon.

[0010] FIG.1 is a plan view illustrating a part of a related
art thin film transistor substrate of a horizontal electric field
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type, and FIG. 2 is a sectional view of the thin film transistor
array substrate taken along the line I-I' in FIG. 1.

[0011] InFIGS. 1 and 2, the related art thin film transistor
array substrate of the horizontal electric field type includes
a gate line 2 and a data line 4 formed on a lower substrate
45 crossing each other, a thin film transistor 6 formed at each
crossing, a pixel electrode 14 and a common electrode 18
formed in order to apply the horizontal electric field in pixel
regions defined by the crossing and a common line 16
connected to the common electrode 18. Moreover, the
related art thin film transistor array substrate further com-
prises a storage capacitor 20 formed an overlapped portion
between the pixel electrode 14 and the common line 16.

[0012] The gate line 2 supplies a gate signal to the gate
electrode 8 of the thin film transistor 6. The data line 4
supplies a pixel signal to the pixel electrode 14 via a drain
electrode 12 of the thin film transistor 6. The gate line 2 and
the data line 4 are formed in a crossing arrangement to define
the pixel region 5.

[0013] The common line 16 is formed parallel to the gate
line 2 and supplies a reference voltage for driving the liquid
crystal to the common electrode 18.

[0014] The thin film transistor 6 responds to the gate
signal of the gate line 2 so that the pixel signal of the data
line 4 is charged to the pixel electrode 14. To this end, the
thin film transistor 6 comprises a gate electrode 8 connected
to the gate line 2, a source electrode 10 connected to the data
line 4 and a drain electrode 12 connected to the pixel
electrode 14. Further, the thin film transistor 6 includes an
active layer 15 overlapping the gate electrode 8 with a gate
insulating film 46 positioned between the thin film transistor
6 and the gate electrode 8 and defining a channel between
the source electrode 10 and the drain electrode 12. On the
active layer 15, an ohmic contact layer 48 for making an
ohmic contact with the source electrode 10 and the drain
electrode 12 is further formed.

[0015] The pixel electrode 14, which is connected to a
storage electrode 22 connected the drain electrode 12 of the
thin film transistor 6 via a first contact hole 13 passing
through a passivation film 34, is formed in the pixel region
5. The pixel electrode 14 comprises a first horizontal part
14A formed in parallel with the gate line 2 and a second
horizontal part 14B formed to overlap the common line 16
and a finger part 14C formed parallel to the common
electrode 18 between the first horizontal part 14A and the
second horizontal part 14B.

[0016] The common electrode 18 is connected to the
common line 16 and is formed in the pixel region 5. In
addition, the common electrode 18 is formed parallel to the
finger part 14C of the pixel electrode 14 in the pixel region
5.

[0017] Accordingly, a horizontal electric field is formed
between the pixel electrode 14, to which the pixel signal is
supplied via the thin film transistor 6, and the common
electrode 18, to which the reference voltage is supplied via
the common line 16. Moreover, the horizontal electric field
is formed between the finger part 14C of the pixel electrode
14 and the common electrode 18. The liquid crystal mol-
ecules arranged in a horizontal direction between the thin
film transistor array substrate and the color filter array
substrate rotate due to a dielectric anisotropy. The light
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transmittance transmitting the pixel region 5 differs in
accordance with a rotation amount of the liquid crystal
molecules and thereby the pictures can be represented.

[0018] The storage capacitor 20 is connected to the com-
mon electrode 18, the storage electrode 22 overlapping the
common electrode 18 with the gate insulating film 46, and
a pixel electrode 14 via a second contact hole 21 passing
through the storage electrode 22 and the passivation film 34.
The storage capacitor 20 allows a pixel signal charged in the
pixel electrode 14 to be maintained until the next pixel signal
is charged.

[0019] FIGS. 3A to 3E are sectional views sequentially
illustrating a method of manufacturing the thin film transis-
tor array substrate shown in FIG. 2.

[0020] A gate metal layer is deposited on the lower
substrate 45 by a deposition technique such as sputtering.
Then, the gate metal layer is patterned by photolithography
and an etching process using a mask. A gate pattern includ-
ing the gate line 2, the gate electrode 8, the common line 16
and common electrode 18 are formed. Herein, a gate metal
is formed with a mono layer or a double layer of chrome
(Cr), molybdenum (Mo) or an aluminum or aluminum alloy
metal.

[0021] In FIG. 3B, a gate insulating film 46 is formed on
the lower substrate 45 provided with the gate pattern. The
gate insulating film 46 is made of an inorganic insulating
material such as silicon oxide (SiOx) or silicon nitride
(SiNx).

[0022] On the lower substrate 45 provided with the gate
insulating film 46, an amorphous silicon layer, a n+ amor-
phous silicon layer are sequentially provided by deposition
techniques such as the plasma enhanced chemical vapor
deposition (PECVD) and the sputtering.

[0023] The amorphous silicon layer and the n+ amorphous
silicon layer are patterned by a photolithography process and
an etching process using a mask. Accordingly, the active
layer 15 and the ohmic contact layer 48 are formed as shown
in FIG. 3B.

[0024] On the lower substrate 45 provided with the active
layer 15 and the ohmic contact layer 48, a source/drain metal
layer is entirely formed by deposition techniques such as the
plasma enhanced chemical vapor deposition (PECVD) and
the sputtering, etc.

[0025] On the source/drain metal layer, a photo-resist
pattern is formed by a photolithography process using a
mask.

[0026] Subsequently, the source/drain metal layer is pat-
terned by a wet etching process using the photo-resist
pattern. Accordingly, the source/drain patterns including the
data line 4, the source electrode 10, the drain electrode 12
and the storage electrode 22 are formed.

[0027] Next, the ohmic contact layer 48 of a channel
portion is etched using the source electrode 10 and the drain
electrode 12 as a mask to thereby expose the active layer of
the channel portion.

[0028] Herein, the source/drain metal layer is made of
molybdenum (Mo), titanium (Ti), tantalum (Ta) or molyb-
denum alloy.
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[0029] On the lower substrate 45 provided with the source/
drain patterns, a passivation film 34 is entirely formed by
deposition techniques such as a plasma enhanced chemical
vapor deposition (PECVD) and a sputtering. The passivation
film 34 is then patterned by the photolithography process
and the etching process using a mask. Accordingly, a first
and a second contact holes 13 and 21 are formed as shown
in FIG. 3D. The first contact hole 13 is formed in such a
manner as to pass through the passivation film 34 and expose
the drain electrode 12, whereas the second contact hole 21
is formed in such a manner to pass through the passivation
film 34 and exposes the storage electrode 22. Herein, the
passivation film 34 is made of an inorganic insulating
material such as silicon oxide (SiOx) or silicon nitride
(SiNx).

[0030] On the lower substrate 45 provided with the pas-
sivation film 34, a transparent electrode material is deposited
by a deposition technique such as sputtering. The transparent
electrode material is then patterned by photolithography and
the etching process using a mask. Accordingly, the pixel
electrode 14 is formed as shown in FIG. 3E. The pixel
electrode 14 is electrically connected, via the first contact
hole 13, to the drain electrode 12 and is electrically con-
nected, via the second contact hole 21, to the storage
electrode 22. The transparent electrode material may be
indium-tin-oxide (ITO), tin-oxide (TO) or indium-zinc-ox-
ide (IZO).

[0031] As described above, the related art thin film tran-
sistor array substrate of a horizontal electric field type liquid
crystal display device has a problem that an aperture ratio is
reduced in accordance with areas of the common electrode
18 and the common line 16 at the pixel region 5.

SUMMARY OF THE INVENTION

[0032] Accordingly, the present invention is directed to a
liquid crystal display having a horizontal electric field and a
method of fabricating the same that substantially obviate one
or more of the problems due to limitations and disadvan-
tages of the related art, and that are capable of improving an
aperture ratio.

[0033] 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. In order to achieve
these and other advantages of the invention, a liquid crystal
display device of a horizontal electric field applying type
according to the present invention comprises: a gate line
formed on a substrate; a data line crossing the gate line with
a gate insulating film positioned therebetween, the crossing
of the data line and gate line defining a pixel region; a thin
film transistor including a source electrode and a drain
electrode formed at the crossing of the gate and data lines;
a passivation film for protecting the thin film transistor; a
common line overlapped with and insulated from at least
one of the gate line and the data line; a common electrode
connected to the common line and formed in the pixel
region; and a pixel electrode connected to the drain elec-
trode, wherein a horizontal electric field is formed between
the common electrode and the pixel electrode.

[0034] In another embodiment, a method of fabricating a
liquid crystal display panel of a horizontal electric field
applying type, comprising: forming a gate line on a sub-
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strate; forming a data line crossing the gate line with a gate
insulating film positioned therebetween, the crossing of the
data and gate line defining a pixel region; forming a thin film
transistor including a source electrode and a drain electrode
formed at the crossing of the gate and data lines; forming a
passivation film to protect the thin film transistor; forming a
common line overlapped with and insulated from at least
one of the gate line and the data line; forming a common
electrode connected to the common line and formed in the
pixel region; and forming a pixel electrode connected to the
drain electrode, wherein a horizontal electric field is formed
between the common electrode and the pixel electrode.

[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] These and other advantages of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0037] FIG. 1 is a plan view illustrating a related art thin
film transistor array substrate of liquid crystal display device
of a horizontal electric field applying type;

[0038] FIG. 2 is a sectional view of the thin film transistor
array substrate taken along the line I-I' in FIG. 1;

[0039] FIGS. 3A to 3E are sectional views sequentially
illustrating a method of manufacturing the thin film transis-
tor array substrate shown in FIG. 2;

[0040] FIG. 4 is a plan view showing a part of a thin film
transistor array substrate among a liquid crystal display
panel of a horizontal electric field applying type according
to a first embodiment of the present invention;

[0041] FIG. 5 is a sectional view showing a part of the thin
film transistor array substrate taken along the line II-II' in
FIG. 4;

[0042] FIG. 6 is a sectional view showing a part of the thin
film transistor array substrate taken along the line III-III' in
FIG. 4;

[0043] FIGS. 7A to 7C illustrate a transmittance rate of
the liquid crystal display panel according to a first embodi-
ment of the present invention;

[0044] FIG. 8A and FIG. 8B are a plan view and a
sectional view, respectively, illustrating a first mask process
of a manufacturing method for the thin film transistor array
substrate according to the first embodiment of the present
invention, respectively;

[0045] FIGS. 9A and 9B are a plan view and a sectional
view, respectively, illustrating a second mask process of the
manufacturing method for the thin film transistor array
substrate according to the first embodiment of the present
invention, respectively;

[0046] FIGS.10A and 10B are a plan view and a sectional
view, respectively, illustrating a third mask process of the
manufacturing method for the thin film transistor array
substrate according to the first embodiment of the present
invention, respectively;
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[0047] FIGS. 11A and 11B are a plan view and a sectional
view, respectively, illustrating a fourth mask process of the
manufacturing method for the a thin film transistor array
substrate according to the first embodiment of the present
invention, respectively;

[0048] FIGS.12A and 12B are a plan view and a sectional
view, respectively, explaining a fifth mask process of the
manufacturing method of a thin film transistor array sub-
strate according to the first embodiment of the present
invention, respectively;

[0049] FIG. 13 is a plan view showing a part of a liquid
crystal display of a horizontal electric field applying type
according to a second embodiment of the present invention;

[0050] FIG. 14 is a sectional view showing a part of the
thin film transistor array substrate taken along the line II-IT'
in FIG. 13;

[0051] FIG. 15 is a sectional view showing a part of the

thin film transistor array substrate taken along the line IV-IV'
in FIG. 13;

[0052] FIG. 16 is a plan view showing a part of a liquid
crystal display of a horizontal electric field applying type
according to a third embodiment of the present invention;

[0053] FIG. 17 is a sectional view showing a part of the

thin film transistor array substrate taken along the line V-V'
in FIG. 16;

[0054] FIG. 18 is a plan view showing a part of a liquid
crystal display of a horizontal electric field applying type
according to a fourth embodiment of the present invention;

[0055] FIG. 19 is a sectional view showing a part of the
thin film transistor array substrate along the line VI-VI' in
FIG. 18;

[0056] FIG. 20 is a plan view showing a part of a liquid
crystal display of a horizontal electric field applying type
according to a fifth embodiment of the present invention;
and

[0057] FIG. 21 is a sectional view showing a part of the
thin film transistor array substrate taken along the line
VII-VII' in FIG. 20.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0058] Reference will now be made in detail to the
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

[0059] Hereinafter, the embodiments of the present inven-
tion will be described in detail with reference to FIGS. 4 to
21.

[0060] FIG. 4 is a plan view showing a part of a thin film
transistor array substrate among a liquid crystal display
panel of a horizontal electric field applying type according
to a first embodiment of the present invention. FIGS. 5 and
6 are sectional views showing a part of the thin film
transistor array substrate taken along the lines II-II' and
HI-1IT' , respectively, in FIG. 4.

[0061] Referring to FIGS. 4 to 6, the thin film transistor
array substrate of the horizontal electric field applying type
according to the first embodiment of the present invention
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comprises a gate line 102 and a data line 104 formed on a
lower substrate 145 crossing each other, a thin film transistor
106 formed at each crossing portion of the gate line 102 and
the data line 104, a pixel electrode 114 and a common
electrode 118 formed in order to apply a horizontal electric
field in a pixel region 105 defined by the interconnection and
a common line 116 connected to the common electrode 118.
Moreover, the thin film transistor array substrate further
comprises a storage capacitor 120 formed to overlap with
the common electrode 118 of a middle part at the pixel
region 105.

[0062] The gate line 102 supplies a gate signal to the gate
electrode 108 of the thin film transistor 106. The data line
104 supplies a pixel signal to the pixel electrode 114 via the
drain electrode 112 of the thin film transistor 106.

[0063] The gate line 102 and the data line 104 are formed
in a crossing structure to define a pixel region 105.

[0064] The common line 116 overlaps the gate line 102
and is substantially parallel to the data line 104, and supplies
a reference voltage used to drive the liquid crystal to the
common electrode 118.

[0065] In response to the gate signal of the gate line 102,
the pixel signal of the data line 104 is charged and main-
tained in the pixel electrode 114. To this end, the thin film
transistor 106 comprises a gate electrode 108 connected to
the gate line 102, and a source electrode 110 connected to the
pixel electrode 114. In addition, the thin film transistor 106
further includes an active layer 115 overlapping the gate
electrode 108 with a gate insulating film 146 positioned
therebetween and defining a channel between the source
electrode 110 and the drain electrode 112. On the active
layer 115, an ohmic contact layer 148 for making an ohmic
contact with the source electrode 110 and the drain electrode
112 is further provided.

[0066] The pixel electrode 114 is connected, via a first
contact hole 121, to the drain electrode 112 of the thin film
transistor 106 and is connected to a lower storage electrode
117. Particularly, the pixel electrode 114 comprises a hori-
zontal part 114A connected to the drain electrode 112 and
formed substantially parallel to an adjacent gate line 102,
and a finger part 114B formed substantially parallel to the
common electrode 118.

[0067] The common electrode 118 is connected to the
common line 116 which is overlapped with the gate line 102
and formed in the pixel region 105. Particularly, the common
electrode 118 is formed substantially parallel to the finger
part 114B of the pixel electrode 114 in the pixel region 105.
Moreover, the common electrode 118 is connected to an
upper storage electrode 122 via a second contact hole 113
formed in the pixel region 105.

[0068] Accordingly, a horizontal electric field is applied
between the pixel electrode 114, to which the pixel signal is
supplied via the thin film transistor 106, and the common
electrode 118, to which the reference voltage is supplied via
the common line 116. Specifically, the horizontal electric
field is formed between the finger part 114B of the pixel
electrode 114 and the common electrode 118. The liquid
crystal molecules arranged in a horizontal direction between
the thin film transistor array substrate and the color filter
array substrate by the horizontal electric field rotate due to
a dielectric anisotropy. Further, the light transmittance trans-
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mitting through the pixel region 105 differs in accordance
with a rotation amount of the liquid crystal molecules to
represent the pictures.

[0069] The storage capacitor 120 includes the lower stor-
age electrode 117 connected to the pixel electrode 114 and
the upper storage eclectrode 122 overlapping the lower
storage electrode 117 with the gate insulating film 146
positioned therebetween. Herein, the upper storage electrode
122 is connected to the common electrode 118 via the
second contact hole 113 passing through the passivation film
134. Further, the upper storage electrode 122 functions as an
etch stopper, to thereby protect the gate insulating film 146.

[0070] The storage capacitor 120 removes the passivation
film 134 so as to expose the entire upper storage electrode
122 to form the second contact hole 113. Consequently, a
stepped part between the common electrode 118 and the
lower storage electrode 117 is decreased. As such, it is
possible to decrease the un-uniformity of alignment of the
liquid crystal. Such a storage capacitor 120 also allows a
pixel signal charged in the pixel electrode 114 to be main-
tained until the next pixel signal is charged.

[0071] FIGS. 7A to 7C are status diagrams representing a
driving state of liquid crystal material that is normally
achieved when a storage capacitor is formed to overlap a
common electrode at a middle part of a pixel region in
accordance with the first embodiment of the present inven-
tion.

[0072] FIGS. 7A and 7B illustrate a transmittance rate at
the time of implementing white and gray, respectively, and
FIG. 7C illustrates a transmittance rate at the time of
implementing black.

[0073] When an electric field is applied, liquid crystal
materials are driven by a horizontal electric field between
the pixel 114 and the common electrode 118 and an incident
light from a light source (not shown) that passes through a
region except for the pixel electrode 114, the common
electrode 118 and the storage capacitor 120. Therefore,
white and gray are implemented as shown in FIGS. 7A and
7B. In other words, liquid crystal materials are driven
normally while a transmittance ratio, T, of the light is
distributed symmetrically with respect to the storage capaci-
tor 120.

[0074] When an electric field is not applied, the transmit-
tance T is maintained to have a value of about 0.1%.
Therefore, although the storage capacitor 120 is formed at
the middle of the pixel region 105, the liquid crystal mate-
rials are driven normally.

[0075] As described above, in the thin film transistor array
substrate according to the first embodiment of the present
invention, the common line 116 is formed to overlap the gate
line 102, and the storage capacitor 120 is formed to overlap
the common electrode 118 that is extended from the middle
part of the common line. Therefore, an aperture ratio is
improved by an amount of an area occupied by the common
line. Specifically, the aperture ratio is improved by removing
a separation area arranged between the common line 116 and
the gate line 102.

[0076] FIG. 8A and FIG. 8B arc a plan view and a
sectional view showing gate patterns, respectively, formed
on a lower substrate by a first mask process of a manufac-
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turing method of the thin film transistor array substrate
according to the first embodiment of the present invention,
respectively.

[0077] In FIGS. 8A and 8B, a gate metal layer is depos-
ited on the lower substrate 145 by a deposition technique
such as a sputtering. The gate metal layer is then patterned
by a photolithography process and an etching process using
a mask. Accordingly, a gate pattern including the gate line
102, the gate electrode 108 and the lower storage electrode
117 is formed. The gate metal may be formed with a mono
layer or a double layer of chrome (Cr), molybdenum (Mo)
or an aluminum system metal.

[0078] FIGS. 9A and 9B are a plan view and a sectional
view showing an active layer and an ohmic contact layer
formed on the lower substrate 145 by a second mask process
of the manufacturing method of the thin film transistor array
substrate according to the first embodiment of the present
invention, respectively.

[0079] A gate insulating film 146 is formed on the lower
substrate 145 provided with the gate pattern. The gate
insulating film 146 is made of an inorganic insulating
material such as silicon oxide (SiOx) or silicon nitride
(SiNx).

[0080] On the lower substrate 145 provided with the gate
insulating film 146, an amorphous silicon layer, and a n+
amorphous silicon layer are sequentially provided by depo-
sition techniques such as a plasma enhanced chemical vapor
deposition (PECVD) and sputtering.

[0081] The amorphous silicon layer and the n+ amorphous
silicon layer are patterned by a photolithography process and
an etching process using a mask. Accordingly, an active
layer 115 and an ohmic contact layer 148 are formed.

[0082] FIGS. 10A and 10B are a plan view and a sectional
view showing a source/drain pattern formed on the lower
substrate 145 by a third mask process of the manufacturing
method of the thin film transistor array substrate according
to the first embodiment of the present invention, respec-
tively.

[0083] On the lower substrate 145 provided with the active
layer 115 and the ohmic contact layer 148, a source/drain
metal layer is formed entirely by deposition techniques such
as plasma enhanced chemical vapor deposition (PECVD)
and sputtering.

[0084] On the source/drain metal layer, a photo-resist
pattern is formed by a photolithography process using a
mask.

[0085] Subsequently, the source/drain metal layer is pat-
terned by a wet etching process using the photo-resist
pattern. Accordingly, source/drain patterns including the
data line 104, the source electrode 110, the drain electrode
112 and the upper storage electrode 122 are formed.

[0086] Next, the ohmic contact layer 148 of a channel
portion of the TFT is etched using the source electrode 110
and the drain electrode 112 as a mask to expose the active
layer of the channel portion.

[0087] FIGS.11A and 11B are a plan view and a sectional
view showing a passivation film formed on the lower
substrate by a fourth mask process of the manufacturing
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method of a thin film transistor array substrate according to
the first embodiment of the present invention, respectively.

[0088] On the lower substrate 145 provided with the
source/drain patterns, the passivation film 134 is formed, for
example, entirely by deposition techniques such as plasma
enhanced chemical vapor deposition (PECVD) and sputter-
ing. The passivation film 134 is then patterned by a photo-
lithography and etching process using a mask. Accordingly,
a first contact hole 121 and a second contact hole 113 are
formed. The first contact hole 121 is formed in such a
manner as to pass through the passivation film 134 and
expose the drain electrode 112 and the lower storage elec-
trode 117, whereas the second contact hole 113 is formed in
such a manner as to pass through the passivation film 134
and expose the upper storage electrode 122. The passivation
film 134 may be made of an inorganic insulating material
such as silicon oxide (SiOx) or silicon nitride (SiNx).

[0089] FIGS. 12A and 12B are a plan view and a sectional
view showing a pixel electrode, a common electrode and a
common line formed on the lower substrate by a fifth mask
process of the manufacturing method of the thin film tran-
sistor array substrate according to the first embodiment of
the present invention, respectively.

[0090] On the lower substrate 145 provided with the
passivation film 134, a transparent electrode material is
deposited using a deposition technique such as sputtering.
The transparent electrode material may be made of indium-
tin-oxide (ITO), tin-oxide (TO) or indium-zinc-oxide (IZO).
Then, the transparent electrode material is patterned by a
photolithography and etching process using a mask. Accord-
ingly, a pixel electrode 114, a common line 116, and a
common electrode 118 are formed. The pixel electrode 114
is electrically connected, via the first contact hole 121, to the
drain electrode 112 and the lower storage electrode 117. The
common electrode 118 is electrically connected, via the
second contact hole 113, to the upper storage electrode 122.

[0091] FIG. 13 is a plan view showing a part of a liquid
crystal display of a horizontal electric field applying type
according to a second embodiment of the present invention.
FIGS. 14 and 15 are sectional views showing a part of the
thin film transistor array substrate along the lines II-II' and
IV-IV' in FIG. 13, respectively.

[0092] The thin film transistor array substrate in FIGS. 13
to 15 identical elements to those of the thin film transistor
array illustrated substrate illustrated in FIGS. 4 to 6 except
that a second contact hole 123 of a passivation film 134
exposes a part of a storage electrode 122. Therefore, the
elements identical to those of the thin film transistor array
substrate in FIGS. 4 to 6 have identical numbers and their
detailed explanation will be omitted.

[0093] The storage capacitor 120 includes a lower storage
electrode 117 connected to a pixel electrode 114, an upper
storage electrode 122 overlapping the lower storage elec-
trode 117 with a gate insulating film 146 positioned ther-
ebetween, and a common electrode 118 connected, via the
second contact hole 123 passing through and the passivation
film 134 to thereby expose a part of the upper storage
electrode 122.

[0094] As described in the first embodiment of the present
invention, when the second contact hole is formed so as to
entirely expose the upper storage electrode 122, there fre-
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quently occurs a case in which a contact hole having a
uniform line width does not form. Accordingly, a line width
of the contact hole has a wider design in order to ensure the
line width of the contact hole is uniform. However, as the
line width of the contact hole is widened, a line width of the
upper storage electrode 122 is also widened. As a result,
there is a problem that the aperture ratio is decreased. In
order to overcome the problem, only a portion of the upper
storage electrode 122 is exposed, via the second contact hole
123, to reduce an area occupied by the upper storage
electrode 122 and improve the aperture ratio.

[0095] As described above, the thin film transistor array
substrate according to the second embodiment of the present
invention exposes only a portion of the upper storage
electrode 122 of the storage capacitor 120 to reduce the area
occupied by the upper storage electrode 122. Consequently,
an aperture ratio can be improved.

[0096] Hereinafter, a method of fabricating the thin film
transistor array substrate according to the second embodi-
ment of the present invention will be described with refer-
ence to FIGS. 13 to 15.

[0097] First, on the lower substrate 145 provided with the
source/drain pattern of the fabricating method shown in
FIGS. 8A to 10B, the passivation film 134 is entirely formed
by deposition techniques such as plasma enhanced chemical
vapor deposition (PECVD) and sputtering. The passivation
film 134 is then patterned by a photolithography and etching
process using a mask. Accordingly, first and second contact
holes 121 and 123 are formed. The first contact hole 121 is
formed in such a manner as to pass through the passivation
film 134 and expose the drain electrode 112 and the lower
storage electrode 117. The second contact hole 123 is
formed in such a manner as to pass through the passivation
film 134 and expose a part of the storage electrode 122. The
passivation film 134 may be made of an inorganic insulating
material such as silicon oxide (SiOx) or silicon nitride
(SiNx).

[0098] On the lower substrate 145 provided with the
passivation film 134, a transparent electrode material is
deposited using a deposition technique such as sputtering.
Then, the transparent electrode material is patterned by the
photolithography and the etching process using a mask.
Accordingly, the pixel electrode 114, the common line 116
and the common 118 are formed. The pixel electrode 114 is
electrically connected, via the first contact hole 121, to the
drain electrode 112 and the lower storage electrode 117. The
common electrode 118 is electrically connected, via the
second contact hole 123, to the upper storage electrode 122.
The transparent electrode material may be made of indium-
tin-oxide (ITO), tin-oxide (TO) or indium-zinc-oxide (IZO).

[0099] FIG. 16 is a plan view showing a portion of a thin
film transistor array substrate among the liquid crystal
display panel of a horizontal electric field applying type
according to a third embodiment of the present invention.
FIG. 17 is a sectional view showing a portion of the thin film
transistor array substrate along the line V-V' in FIG. 16.
Further, the sectional view representing the portion of the
thin film transistor array substrate along the line II-II' in
FIG. 16 is identical to that of FIG. 15. Therefore, discussion
of the sectional view of FIG. 16 will be omitted.

[0100] The thin film transistor array substrate shown in
FIGS. 16 and 17 has elements identical to those of the thin

Dec. 30, 2004

film transistor array substrate shown in FIGS. 13-15 except
that the common electrode 118 connected to both ends of the
common line 116 overlaps the data line 104, and the
passivation film 134 is made of an organic material.

[0101] Therefore, elements identical to those of the thin
film transistor array substrate shown in FIGS. 13-15 have
identical numbers and their detailed explanation will be
omitted.

[0102] Referring to FIGS. 16 and 17, the common line
116 is formed to overlap the gate line 102, and the common
electrode 118, connected to both ends of the common line
116, overlaps the data line 104.

[0103] The passivation film 134 is made of an organic
insulating material having a small dielectric constant such as
an acrylic organic compound, a BCB (benzocyclobutene) or
a PFCB (perfluorocyclobutane). Therefore, the lower sub-
strate 145 provided with the passivation film 134 is flattened.

[0104] As described above, in the thin film transistor array
substrate according to the third embodiment of the present
invention, the common line 116 overlaps the gate line 102,
and the common electrode 118, connected to both ends of
the common line 116, overlaps the data line 104. As a result,
an aperture ratio is improved by an amount of the area
occupied by the common line 116 and the common electrode
118. Moreover, the aperture ratio is improved by removing
a separation area arranged between the common line 116 and
the gate line 102.

[0105] In the thin film transistor array substrate according
to the third embodiment of present invention, the common
electrode 118, connected to both ends of the common line
116, overlaps the data line 104. Accordingly, an aperture
ratio is improved by an amount of the area occupied by the
common electrode 118.

[0106] Furthermore, in the thin film transistor array sub-
strate according to the third embodiment of present inven-
tion, the passivation film 134 is made of an organic material.
Accordingly, it is possible to make the alignment of liquid
crystal materials uniform by removing a stepped part caused
by the storage capacitor 120 to thereby prevent the light
leakage. Also, because the passivation film 134 is made of
an organic insulating material having a small dielectric
constant and relative thickness, it is possible to reduce the
magnitude of parasitic capacitors produced between the data
line 104 and the common electrode 118 to prevent a coupling
phenomenon.

[0107] Hereinafter, a method of fabricating the thin film
transistor array substrate according to the third embodiment
of the present invention will be described with reference to
FIGS. 16 to 17.

[0108] First, on the lower substrate 145 provided with the
source/drain pattern of the fabricating method shown in
FIGS. 8A to 10B, an organic insulating material is formed
entirely using a spin coating system. The organic insulating
material is then patterned by a photolithography process and
an etching process using a mask. Accordingly, first and a
second contact holes 121 and 123 are formed. The first
contact hole 121 is formed in such a manner as to pass
through the passivation film 134 and expose the drain
electrode 112 and the lower storage electrode 117, whereas
the second contact hole 123 is formed in such a manner as
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to pass through the passivation film 134 and expose a part of
the storage electrode 122. Herein, the organic insulating
material is made of an acrylic organic compound, a BCB
(benzocyclobutene) or a PFCB (perfluorocyclobutane) hav-
ing a small dielectric constant.

[0109] On the lower substrate 145 provided with the
passivation film 134, a transparent electrode material is
deposited using a deposition technique such as sputtering.
The transparent electrode material is then patterned by
photolithography and an etching process using a mask.
Accordingly, the pixel electrode 114, the common line 116
and the common electrode 118 are formed. The pixel elec-
trode 114 is electrically connected, via the first contact hole
121, to the drain electrode 112 and the lower storage
electrode 117. The common electrode 118, connected to both
end terminals, overlaps the data line 104, and the common
electrode 118 connected to the middle part of the common
line 116 is electrically connected, via the second contact hole
123, to the upper storage electrode 122. The transparent
electrode material may be made of indium-tin-oxide (ITO),
tin-oxide (TO) or indium-zinc-oxide (IZO).

[0110] FIG. 18 is a plan view showing a portion of a thin
film transistor array substrate of a liquid crystal display
panel of a horizontal electric field applying type according
to a fourth embodiment of the present invention, and FIG.
19 is a sectional view showing a portion of the thin film
transistor array substrate along the line VI-VI' in FIG. 18.
The sectional view representing a portion of the thin film
transistor array substrate along the line II-II' in FIG. 18 is
identical to that of FIG. 15. Therefore, a discussion of the
sectional view will be omitted.

[0111] The thin film transistor array substrate shown in
FIGS. 18 to 19 has elements identical to those of the thin
film transistor array substrate shown in FIGS. 13 and 14
except that a storage capacitor 120 is formed to overlap the
common line 116 and the common electrode 118 connected
to both ends of the common line 116, and the second contact
hole 123 is located at the middle of the common line 116 to
expose a part of the upper storage electrode 122. Therefore,
the elements identical to those of the thin film transistor
array substrate in FIGS. 13 and 14 will have identical
reference numerals and their detailed explanation will be
omitted.

[0112] 1In FIGS. 18 and 19, the common line 116 overlaps
the gate line 102 and the storage capacitor 120 to supply a
reference voltage for driving liquid crystal materials to the
common electrode 118. Further, the common line 116 is
connected, via the second contact hole 123, to the upper
storage electrode 122.

[0113] The common electrode 118 is extended from the
common line 116 to overlap the storage capacitor 120 and is
formed in the pixel region 105.

[0114] The storage capacitor 120 is formed having an
inverse shape of the letter ‘U’ to overlap the common line
116 and the common electrode 118. The storage capacitor
120 includes a lower storage electrode 117 connected to a
pixel electrode 114, an upper storage electrode 122 over-
lapping the lower storage electrode 117 with the gate insu-
lating film 146 positioned therebetween, and a common line
116 connected, via the second contact hole 123 exposing a
part of the upper storage electrode 122, to the upper storage

Dec. 30, 2004

electrode 122. The storage capacitor 120 allows a pixel
signal charged in the pixel electrode 114 to be maintained
until the next pixel signal is charged.

[0115] As described above, in the thin film transistor array
substrate according to the fourth embodiment of the present
invention, the common line 116 overlaps with a portion of
the gate line 102 and the storage capacitor. Accordingly, a
portion of the area occupied by the common line 116
overlaps with the gate line 102 in comparison to the related
art, so that an aperture ratio is improved by an amount of the
area overlapped with the data line 116 and the gate line 102.

[0116] Hereinafter, a method of fabricating the thin film
transistor array substrate according to the fourth embodi-
ment of the present invention will be described with refer-
ence to FIGS. 18 and 19.

[0117] A gate metal layer is deposited on the upper sub-
strate 145 by a deposition technique such as sputtering.
Then, the gate metal layer is patterned by a photolithography
and etching process using a mask. Accordingly, a gate
pattern including the gate line 102, the gate electrode 108
and a lower storage electrode 117 having an inverse shape of
a letter ‘U’ is formed. Herein, a gate metal is formed to have
a mono layer or a double layer of chrome (Cr), molybdenum
(Mo) or aluminum system metal.

[0118] Pursuant to the fabricating method shown in FIGS.
9A to 12B, the active layer 115, the ohmic contact layer 148,
the source/drain pattern including the data line 104, the
source electrode 110, the drain electrode 112 and the upper
storage electrode 122, the passivation film including the first
contact hole 121 and the second contact hole 123, and the
common line 116 connected to the pixel electrode 114 and
the common electrode 118 are formed.

[0119] FIG. 20 is a plan view showing a portion of a thin
film transistor array substrate of the liquid crystal display
panel of a horizontal electric field applying type according
to a fifth embodiment of the present invention, and FIG. 21
is a sectional view showing a portion of the thin film
transistor array substrate along the line VII-VII' in FIG. 20.
The sectional view representing the part of the thin film
transistor array substrate along the line II-II' in FIG. 20 is
identical to that of FIG. 15. Therefore, a discussion of the
sectional view will be omitted.

[0120] The thin film transistor array substrate shown in
FIGS. 20 and 21 has elements identical to those of the thin
film transistor array substrate shown in FIGS. 18 and 19
except that a passivation film is made of an organic material.
Therefore, the elements identical to those of the thin film
transistor array substrate shown in FIGS. 18 and 19 will
have identical numbers and their detailed explanation will be
omitted.

[0121] In FIGS. 20 and 21, the passivation film 134 is
made of an organic insulating material having a small
dielectric constant such as an acrylic organic compound, a
BCB (benzocyclobutene) or a PFCB (perfluorocyclobu-
tane). Therefore, the lower substrate 145 provided with the
passivation film 134 is flattened.

[0122] In the thin film transistor array substrate according
to the fifth embodiment of the present invention, the com-
mon line 116 overlaps a part of the gate line 102 and the
storage capacitor. Accordingly, a portion of the area occu-
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pied by the common line 116 overlaps the gate line 102 in
comparison to the related art so that an aperture ratio is
improved by an amount of the area overlapped with the data
line 116 and the gate line 102.

[0123] Furthermore, in the thin film transistor array sub-
strate according to the fifth embodiment of present inven-
tion, the passivation film 134 is made of an organic material.
Accordingly, it is possible to make the alignment of liquid
crystal materials uniform by removing a stepped part caused
by the storage capacitor 120 to prevent the light leakage.
Also, because the passivation film 134 is made of an organic
insulating material having a small dielectric constant and a
relative thickness, it is possible to reduce the magnitude of
parasitic capacitors produced between the data line 104 and
the common electrode 118 to prevent a coupling phenom-
enon.

[0124] Hereinafter, a method of fabricating the thin film
transistor array substrate of the fifth embodiment of the
present invention will be described with reference to FIGS.
20 and 21.

[0125] The thin film transistor array substrate according to
the fifth embodiment of the present invention may be
formed, for example, by the fabricating method identical to
that of the thin film transistor array substrate according to the
fourth embodiment except that a passivation film 134 is
made of an organic material. Therefore, the detailed expla-
nation of the fabricating method identical to that of the thin
film transistor array substrate of the fourth embodiment will
be omitted.

[0126] On the lower substrate 145 provided with the
source/drain pattern, an organic insulating material is
formed entirely using a spin coating system. The organic
insulating material is then patterned by a photolithography
process and etching process using a mask. Accordingly, first
and a second contact holes 121 and 123 are formed. The first
contact hole 121 is formed in such a manner as to pass
through the passivation film 134 and expose the drain
electrode 112 and the lower storage electrode 117, whereas
the second contact hole 123 is formed in such a manner as
to pass through the passivation film 134 and expose a part of
the storage electrode 122. Herein, the organic insulating
material is made of an acrylic organic compound, a BCB
(benzocyclobutene) or a PFCB (perfluorocyclobutane) hav-
ing a small dielectric constant.

[0127] On the lower substrate 145 provided with the
passivation film 134, a transparent electrode material is
deposited by a deposition technique such as sputtering. The
transparent electrode material may be made of indium-tin-
oxide (ITO), tin-oxide (TO) or indium-zinc-oxide (IZO).
The transparent electrode material is then patterned by a
photolithography and etching process using a mask. Accord-
ingly, the pixel electrode 114, the common line 116 and the
common electrode 118 are formed. The pixel electrode 114
is electrically connected, via the first contact hole 121, to the
drain electrode 112 and the lower storage electrode 117. The
common electrode 118, connected to both end terminals of
the common line, overlaps the data line 104, and the
common electrode 118 connected to the middle part of the
common line 116 is electrically connected, via the second
contact hole 123, to the upper storage electrode 122.

[0128] As described above, in the liquid crystal display
panel of a horizontal electric field applying type and the

Dec. 30, 2004

fabricating method thereof according to the present inven-
tion, the common line and common electrode are formed to
overlap with at least one of a gate line and a data line.
Therefore, an aperture can be improved.

[0129] 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.

What is claimed is:
1. A liquid crystal display panel of a horizontal electric
field applying type comprising:

a gate line formed on a substrate;

a data line crossing the gate line with a gate insulating film
positioned therebetween, the crossing of the data line
and gate line defining a pixel region;

a thin film transistor including a source electrode and a
drain electrode formed at the crossing of the gate and
data lines;

a passivation film for protecting the thin film transistor;

a common line overlapped with and insulated from at
least one of the gate line and the data line;

a common electrode connected to the common line and
formed in the pixel region; and

a pixel electrode connected to the drain electrode, wherein
a horizontal electric field is formed between the com-
mon electrode and the pixel electrode.

2. The liquid crystal display panel of claim 1, wherein the
common line overlaps the gate line, and wherein the gate
insulating film and the passivation film are positioned
between the common line and gate line.

3. The liquid crystal display panel of claim 1, wherein the
common electrode overlaps the data line, and wherein the
passivation film is positioned between the common elec-
trode and data line.

4. The liquid crystal display panel of claims 2 or 3, further
comprising:

a storage capacitor including a lower storage electrode
connected to the pixel electrode; and

an upper electrode capacitor connected to the common
electrode, the upper storage electrode overlapping and
being insulated from the lower storage electrode.

5. The liquid crystal display panel of claim 4, wherein the
pixel electrode is connected, via a first contact hole exposing
the drain electrode and the lower storage electrode, to the
drain electrode and the lower storage electrode.

6. The liquid crystal display panel of claim 4, wherein the
upper storage electrode overlaps the common electrode.

7. The liquid crystal display panel of claim 6, wherein the
upper storage electrode is connected, via a second contact
hole passing through the passivation film, to the common
electrode.

8. The liquid crystal display panel of claim 7, wherein the
second contact hole is elongated along the upper storage
electrode.
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9. The liquid crystal display panel of claim 4, wherein the
lower storage electrode is formed of a same material as the
gate line.

10. The liquid crystal display panel of claim 4, wherein
the upper storage electrode is formed of a same material as
the data line.

11. The liquid crystal display panel of claim 1, wherein
the common line is formed on the gate line and in the pixel
region.

12. The liquid crystal display panel of claim 11, further
comprising a storage capacitor, the storage capacitor includ-
ing:

a lower storage electrode connected to the pixel electrode,
wherein the lower storage electrode overlaps the com-
mon line and the common electrode while being insu-
lated therefrom; and

an upper storage electrode connected to at least one of the
common line and the common electrode, the upper
storage electrode overlapping and being insulated from
the lower storage electrode.

13. The liquid crystal display panel of claim 12, wherein
the lower storage electrode and the upper storage electrode
overlap the common electrode, the common electrode being
substantially parallel and adjacent to the data line.

14. The liquid crystal display panel of claim 1, wherein
the passivation film is made of an organic material.

15. The liquid crystal display panel of claim 1, wherein
each of the pixel electrode, the common electrode and the
common line includes a transparent conductive material.

16. A method of fabricating a liquid crystal display panel
of horizontal electric field applying type, comprising:

forming a gate line on a substrate;

forming a data line crossing the gate line, with a gate
insulating film positioned therebetween, the crossing of
the data and gate line defining a pixel region;

forming a thin film transistor including a source electrode
and a drain electrode formed at the crossing of the gate
and data lines;

forming a passivation film to protect the thin film tran-
sistor;

forming a common line overlapped with and insulated
from at least one of the gate line and the data line;

forming a common electrode connected to the common
line and formed in the pixel region; and

forming a pixel electrode connected to the drain electrode,
wherein a horizontal electric field is formed between

the common electrode and the pixel electrode.
17. The method of claim 16, wherein the common line is
formed to overlap the gate line, and wherein the gate
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insulating film and the passivation film are positioned
between the common line and gate line.

18. The method of claim 16, wherein the common elec-
trode overlaps the data line, and wherein the passivation film
is positioned between the common electrode and data line.

19. The method of claims 17 or 18, further comprising
forming a storage capacitor including:

a lower storage electrode connected to the pixel electrode;
and

an upper storage electrode connected to the common
electrode, the upper storage electrode overlapping and
being insulated from the lower storage electrode.

20. The method of claim 19, wherein the pixel electrode
is connected, via a first contact hole exposing the drain
electrode and the lower storage electrode, to the drain
electrode and the lower storage electrode.

21. The method of claim 19, wherein the upper storage
electrode overlaps with the common electrode.

22. The method of claim 19, wherein the upper storage
electrode is connected, via a second contact hole passing
through the passivation film, to the common electrode.

23. The method of claim 22, wherein the second contact
hole is elongated along the upper storage electrode.

24. The method of claim 19, wherein the lower storage
electrode is formed of a same material as the gate line.

25. The method of claim 19, wherein the upper storage
electrode is formed of a same material as the data line.

26. The method of claim 16, wherein the common line is
formed on the gate line and in the pixel region.

27. The method of claim 26, further comprising forming
a storage capacitor, the storage capacitor including:

a lower storage electrode connected to the pixel electrode,
wherein the lower storage electrode overlaps the com-
mon line and the common electrode while being insu-
lated therefrom; and

an upper storage electrode connected to at least one of the
common line and the common electrode, the upper
storage electrode overlapping and being insulated from
the lower storage electrode.

28. The method of claim 27, wherein the lower storage
electrode and the upper storage electrode overlap the com-
mon electrode, the common electrode being substantially
parallel and adjacent to the data line.

29. The method of claim 16, wherein the passivation film
is made of an organic material.

30. The method of claim 16, wherein each of the pixel
electrode, the common electrode and the common line are
made of a transparent conductive material.

* * * Ed *
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