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(7) ABSTRACT

A liquid crystal display comprises a gate line formed on a first
substrate, a data line formed on the substrate intersecting the
gate line to define a pixel area, a common line partially sur-
rounding the pixel area and formed along with the gate line by
the same process, a thin film transistor formed at the intersec-
tion of the gate line and the data line, a common electrode
having a common electrode horizontal section connected to
the common line, and a common electrode finger section
extending from the common electrodehorizontal section with
afinger shape, and a pixel electrode connected to the thin film
transistor and generating a horizontal electric field along with
the common electrode, wherein a part of the common elec-
trode finger section overlaps the data line with a first passi-
vation layer having a low dielectric and placed between the
commor electrode and the data line.
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1148 1198 1148

AN




U.S. Patent Aug. 26,2014  Sheet 1 of 16 US 8,817,214 B2

FIG. 1

(Related Art)




U.S. Patent Aug. 26,2014  Sheet 2 of 16 US 8,817,214 B2




U.S. Patent Aug. 26,2014  Sheet 3 of 16 US 8,817,214 B2

FIG. 3A

198 148




U.S. Patent Aug. 26,2014  Sheet 4 of 16 US 8,817,214 B2

FIG. 4A-1
jA-
45
I 1’
FIG. 4A-2
8 16A
]r~45
I I
FIG. 4A-3
Tt 1
45
i i
FIG. 4B-1
4
5 49
46
| 115
I ) I’



U.S. Patent Aug. 26,2014  Sheet 5 of 16 US 8,817,214 B2

FIG. 4B-2

e ) % !



U.S. Patent Aug. 26,2014  Sheet 6 of 16 US 8,817,214 B2

FIG. 4C-3




U.S. Patent Aug. 26,2014  Sheet 7 of 16 US 8,817,214 B2

FIG. 4E-1




U.S. Patent Aug. 26,2014  Sheet 8 of 16 US 8,817,214 B2

FIG. 4F-1

198 148 198 148




U.S. Patent Aug. 26,2014  Sheet 9 of 16 US 8,817,214 B2




U.S. Patent Aug. 26,2014  Sheet 10 of 16 US 8,817,214 B2

FIG. 6A

PA

119B
1148 1198 114B

Tl

IV-I




U.S. Patent Aug. 26,2014  Sheet 11 of 16 US 8,817,214 B2

FIG. 7A-1
-1(3):
T— 145
v A
FIG. 7A-2
108 116A
| |
LMS
v v’
FIG. 7A-3
r U 7
145
VI VI’
FIG. 7B-1

e 146
‘T' 145
L ,



U.S. Patent Aug. 26,2014  Sheet 12 0f 16 US 8,817,214 B2

FIG. 7B-2

146
145




U.S. Patent Aug. 26,2014  Sheet 13 0f 16 US 8,817,214 B2

FIG. 7C-2

110 112
[ |

v,/ \ ]\ ) v’
148
15108 106 116A

FIG. 7C-3




U.S. Patent Aug. 26,2014  Sheet 14 of 16 US 8,817,214 B2

FIG. 7D-2




U.S. Patent Aug. 26,2014  Sheet 150f 16 US 8,817,214 B2

FIG. 7E-2

110 112

L[ | 158
\ / ]

J\
V148150105106

FIG. 7E-3




U.S. Patent Aug. 26,2014  Sheet 16 of 16 US 8,817,214 B2

FIG. 7F-2

114 119

) ,
V143150103\106 / o v




US 8,817,214 B2

1

LIQUID CRYSTAL DISPLAY AND
FABRICATING METHOD THEREOF

This application claims the benefit of Korea Patent Appli-
cation No. 10-2009-0093299 filed on Sep. 30, 2009, which is
incorporated herein by reference for all purposes as if fully set
forth herein.

BACKGROUND

1. Field

This document relates to a liquid crystal display and a
fabricating method thereof, and more particularly, to a liquid
crystal display and a fabricating method thereof capable of
increasing transmittance in pixels.

2. Related Art

A liquid crystal display (“LCD”) displays images by
adjusting a light transmittance of an L.C layer using an electric
field. The LCD is largely classified into a vertical field type
and a horizontal field type by directions of the electric filed
which drives the LC layer.

The vertical field type LCD drives a twisted nematic
(“TN) mode LC layer by a vertical electric field generated
between pixel electrodes and common electrodes arranged
opposite to each other and provided on lower and upper
panels, respectively. The vertical field type LCD has an
advantage in a large aperture but a drawback in a small view-
ing angle.

The horizontal field type LCD drives an in plane switch
(“IPS”) mode LC layer by a horizontal electric field generated
between a pixel electrode Ep and a common electrode Ec
arranged in parallel on a lower panel GLS, as shown in FIG.
1. In order to generate the horizontal electric filed, the pixel
electrode Ep and the common electric Ec are formed on the
same plane. The pixel electrode Ep is electrically connected
to a data line DL via a thin film transistor (“TFT”) and is
supplied with a data voltage from the data line DL. The pixel
electrode Ep is electrically connected to a drain electrode of
the TFT by passing through a passivation layer PAS. The
common electrode Ec is electrically connected to a lower
common line VL by passing through the passivation layer
PAS and a gate insulating layer GI and is supplied with a
common voltage from the lower common line VL.

In such a horizontal field type LCD, the passivation layer
PAS is typically made of high dielectric materials, and thus
when the common electrode Ec and the data line DL overlap
each other with the passivation layer PAS therebetween, the
parasitic capacitance Cap is formed. The parasitic capaci-
tance reflects a voltage variation in the common electrode Ec
on the common electrode Ec to make the potential in the
common electrode Fc unstable, thereby causing a crosstalk.
In order to suppress the crosstalk, in an LCD in relate art, the
common electrode is required to be spaced apart from the data
line DL by a predetermined distance D.

However, as the distance D between the common electrode
Ec and the data line DL is increased, an area for an open block
in the pixel area PA is decreased as much. In addition, a black
matrix BM on the upper panel is required to be broaden by
being enlarged by AW inwards the pixel area PA soasto cover
the lower common line VL, and thereby the transmittance in
the pixel is much reduced.

SUMMARY

Embodiments of the present invention provide a liquid
crystal display and a fabricating method thereof capable of
increasing transmittance in pixels.
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According to an exemplary of the present invention, there
is provided a liquid crystal display comprising a gate line
formed on a first substrate, a data line formed on the substrate
intersecting the gate line to define a pixel area, a common line
partially surrounding the pixel area and formed along with the
gate line by the same process, a thin film transistor formed at
the intersection of the gate line and the data line, a common
electrode having a common electrode horizontal section con-
nected to the common line, and a common electrode finger
section extending from the common electrode horizontal sec-
tion with a finger shape, and a pixel electrode connected to the
thin film transistor and generating a horizontal electric field
along with the common electrode, wherein a part of the com-
mon electrode finger section overlaps the data line with a first
passivation layer having a low dielectric and placed between
the common electrode and the data line.

The first passivation layer may comprise acryl organic
compound.

The liquid crystal display may further comprises a second
passivation layer made of an inorganic insulating material
and placed between the data line and the first passivation
layer.

Also, the pixel electrode may comprise a pixel electrode
horizontal section connected to the thin film transistor, and a
pixel electrode finger section extending from the pixel elec-
trode horizontal section in parallel to the common electrode
finger section with a finger shape, wherein the common elec-
trode finger section may comprise a first portion overlapping
the data line and a second portion other than the first portion,
and wherein the second portion of the common electrode
finger section and the finger section ofthe pixel electrode may
be directly disposed on the first substrate.

The liquid crystal display may further comprises a second
substrate having a black matrix and arranged opposite to the
first substrate, wherein the black matrix may cover the data
line but may not cover the common line arranged in parallel to
the data line.

According to an exemplary embodiment of the present
invention, there is provided a method of fabricating a liquid
crystal display, comprising forming by a first conductive pat-
tern a gate line, a gate electrode of a thin film transistor
connected to the gate line, and a common line separated from
the gate line, forming by a second conductive pattern a data
line intersecting the gate line to define a pixel area, a source
electrode of the thin film transistor connected to the data line,
and a drain electrode of the thin film transistor arranged
opposite to the source electrode, entirely coating a first pas-
sivation layer having a low dielectric and patterning the first
passivation layer to expose a part of the common line and a
part of the drain electrode, forming by a third conductive
pattern a common electrode including common electrode
horizontal section connected to the exposed common line,
and a common electrode finger section extending from the
common electrode horizontal section with a finger shape, and
forming by the third conductive pattern a pixel electrode
connected to the exposed drain electrode to generate a hori-
zontal electric field along with the common electrode in the
pixel area, wherein a part of the common electrode finger
section overlaps the data line with the first passivation layer
placed between the common electrode and the data line.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
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embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a diagram illustrating an LCD in related art,
provided with a data line and a common electrode which are
spaced apart from each other;

FIG. 2 is a plan view of a TFT array panel according to a
first embodiment of the invention;

FIGS. 3A-3C are sectional views taken along the lines I-T',
II-IT" and in FIG. 2, respectively;

FIGS. 4A-1 to 4F-3 are sectional views sequentially illus-
trating the respective steps in the TFT panel fabricating
method according to the first embodiment of the invention;

FIG. 5 is a plan view of a TFT array panel according to a
second embodiment of the invention;

FIGS. 6A-6C are sectional views taken along the lines
IV-IV', V-V' and VI-VT in FIG. 5; and

FIGS. 7A-1 to 7F-3 are sectional views sequentially illus-
trating the respective steps in the TFT panel fabricating
method according to the second embodiment of the invention.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the invention will
be described with reference to FIGS. 2 to 7F. The following
embodiments will be described by exemplifying an IPS mode
TFT array panel which is fabricated using a four-round mask
process and a method of fabricating the same, but the scope of
this document is not limited to the number of mask processes.

First Embodiment

A first embodiment of the invention will be described with
reference to FIGS. 2 to 4F-3. In the first embodiment, a
common electrode and a data line overlap each other by
forming a passivation layer made of a low dielectric material
between the common electrode and the data line.

FIG. 2 is a plan view of a lower panel, that is, a TFT array
panel formed by the four-round mask process according to the
first embodiment of this document. FIGS. 3A-3C (collec-
tively FIG. 3) are sectional views taken along the lines I-I
II-IT" and II-MT" in FIG. 2, respectively.

The TFT array panel shown in FIGS. 2 and 3 comprises a
gate line 2 and a data line 4 with a gate insulating layer 46
therebetween, formed to intersect each other on a lower sub-
strate 45, a TF'T 6 which is formed at each intersection of the
gate and data lines 2 and 4, a pixel electrode 14 and a common
electrode 19 which are formed in a pixel region PA defined by
the intersection of the gate and data lines 2 and 4 to generate
ahorizontal electric field, and, a common line 16 connected to
the common electrode 19. In addition, the TFT array panel
further comprises a storage capacitor 20 formed at an overlap
portion between the common line 16 and the pixel electrode
14, a gate pad 24 connected to the gate line 2, a data pad 30
connected to the data line 4, and a common pad connected to
the common line 16. In order to prevent an image distortion
due to a viewing angle, the pixel area PA where images are
displayed is divided into two domains D1 and D2. The pixel
electrode 14 and the common electrode 19 are curved with the
respect of a domain border line B partitioning the first and
second domains D1 and D2. At this time, an electrode angle 0,
formed by the electrodes 14 and 19 and the normal N perpen-
dicular to the domain border line B, is the same in the respec-
tive domains D1 and D2. The electrode angle 6 is determined
by an initial design value.

The gate line 2 transmitting a gate signal and the data line
4 transmitting a data signal intersects each other with the gate
insulating layer 46 therebetween to define the pixel area PA.

10

15

20

25

40

45

60

65

4

Here, the gate 2 line is formed by a first conductive pattern,
and the data line 4 is formed by a second conductive pattern.

The common line 16 and the common electrode 19 trans-
mit a reference voltage (common voltage) for driving an LC
layer. The common line 16 includes an inner common line
16A which partially surrounds the pixel area PA in a display
area where the pixels are disposed, and an outer common line
16B which connects the inner common lines 16A altogether
in a non-display area outside the display area. The common
line 16 is formed by the first conductive pattern.

The common electrode 19 includes a horizontal section
19A which is arranged in parallel to the gate line and is
connected to the inner common line 16A via a second contact
hole 15 passing through the gate insulating layer 46 and first
and second passivation layers 52 and 54 (where the first
passivation layer 52 may be omitted), and a finger section 19B
which extends from the horizontal section 19A with a finger
shape. The finger section 19B overlaps the data line 4 with the
passivation layers 52 and 54 placed between the finger section
19B and the data line 4. The second passivation layer is made
of a low dielectric material, and thereby the parasitic capaci-
tance can be much reduced. As described above, the finger
section 19B of the common electrode 19 overlaps the data line
4, and thereby an area for the open block BL is increased.
Here, a black matrix BM on an upper panel is formed to cover
the data line 4 but not to cover the inner common line 16A. In
other words, the width of the black matrix BM extending
inwards the pixel area PA is reduced. The open block BL is
increased and the black matrix BM is decreased in width, and
thereby the transmittance in the pixel is much increased.
Meanwhile, the finger section 19B also overlaps the inner
common line 16 A. The common electrode 19 is formed by a
third conductive pattern.

The TFT 6 responds to gate signals transmitted along the
gate line 2 such that pixel signals transmitted along the data
line 4 are charged to the pixel electrode 14. For this, the TFT
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-
more, the TFT 6 comprises an active layer 48 overlapping the
gate electrode 8 and the inner common line 16 A with the gate
insulating layer 46 placed between the TFT 6, and the gate
electrode 8 and the inner common line 16A, thereby defining
a channel between the source electrode 10 and the drain
electrode 12, and an ohmic contact layer 50 formed on the
active layer 48 except for the channel, for making ohmic
contact with the source electrode 10 and the drain electrode
12. The active layer 48 and the ohmic contact layer 50 are
formed by a semiconductor pattern.

The pixel electrode 14 is arranged in parallel and opposite
to the common electrode 19 to generate a horizontal electric
field in the pixel area PA. The pixel electrode 14 is connected
to the drain electrode 12 via a first contact hole 13 passing
through the passivation layers 52 and 54. The pixel electrode
14 includes a horizontal section 14A which is arranged in
parallel to the neighboring gate line 2, and a finger section
14B which extends from the horizontal section 14 A, arranged
in parallel to the finger section 19B of the common electrode
19 in the pixel area PA and has a finger shape. The pixel
electrode 14 is formed by the third conductive pattern.

The horizontal section 14A of the pixel electrode 14 par-
tially overlaps the inner common line 16A with the gate
insulating layer 46 and the passivation layers 52 and 54 placed
therebetween to form the storage capacitor 20. The storage
capacitor 20 stably maintains a pixel signal for a current
frame charged in the pixel electrode 14 until a pixel signal for
a next frame is charged in the pixel electrode 14.
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The gate line 2 is connected to a gate driver (not shown) via
the gate pad 24. The gate pad 24 consists of a gate pad lower
electrode 26 extending from the gate line 2, and a gate pad
upper electrode 28 connected, via a third contact hole 27
passing through the gate insulating layer 46, to the gate pad
lower electrode 26. The gate pad lower electrode 26 is formed
by the first conductive pattern, and the gate pad upper elec-
trode 28 is formed by the third conductive pattern.

The data line 4 is connected to a data driver (not shown) via
the data pad 30. The data pad 30 consists of a lower data pad
electrode 32 extending from the data line 4, and an upper data
pad electrode 34 connected, via a fourth contact hole 33
passing through the gate insulating layer 46, to the lower data
pad electrode 32. The data pad lower electrode 32 is formed
by the first conductive pattern, and the data pad upper elec-
trode 34 is formed by the third conductive pattern.

The common line 16 is connected to an external reference
voltage source (not shown) via the common pad 36. The
common pad 36 consists of a common pad lower electrode 38
extending from the outer common line 16B, and a common
pad upper electrode 40 connected, via a fifth contact hole 39
passing through the gate insulating layer 46, to the common
pad lower electrode 38. The common pad upper electrode 38
is formed by the first conductive pattern, and the common pad
upper electrode 40 is formed by the third conductive pattern.

The third conductive pattern forming the pixel electrode
14, the common electrode 19, and the pad upper electrodes
28, 34 and 40 may be formed of a transparent conductive film
or a metal film. In addition, the third conductive pattern may
further be formed of a low reflective film so as to prevent
dazzling due to external light.

A method of fabricating the TFT panel with the above-
described configuration will be described with reference to
FIGS. 4A-1 to 4A-3 (collectively FIG. 4A), 4B-1 to 4B-3
(collectively F1G. 4B), 4C-1 to 4C-3 (collectively FIG. 4C),
4D-1 to 4D-3 (collectively FIG. 4D), 4E-1 to 4E-3 (collec-
tively FIG. 4E) and 4F-1 to 4F-3 (collectively FIG. 4F).

Referring to FIG. 4A, a first conductive pattern group
including the gate line 2, the gate electrode 8, the gate pad
lower electrode 26, the data pad lower electrode 32, the com-
mon line 16, and the common pad lower electrode 38 is
formed on the lower substrate 45 using a first mask process.

In detail, a first conductive material is coated on the lower
substrate 45 by a deposition method, such as a sputtering or
the like. Subsequently, the first conductive material is pat-
terned by a photolithography and an etching using the first
mask to form the first conductive pattern group including the
gate line 2, the gate electrode 8, the gate pad lower electrode
26, the data pad lower electrode 32, the common line 16, and
the common pad lower electrode 38. The first conductive
material may employ Cr, MoW, MoTi, Cr/Al, Cu, AI(Nd),
Mo/Al, Mo/AI(Nd), Cr/AI(Nd), or the like.

InFIG. 4B, a gate insulating layer 46 is coated on the lower
substrate 45 provided with the first conductive pattern group
by a deposition method, such as a PECVD or a sputtering. The
gate insulating layer 46 may be made of an inorganic insulat-
ing material, such as a silicon oxide (SiO, ) or a silicon nitride
(SiN,). Next, a semiconductor pattern including the active
layer 48 and the chmic contact layer 50, and a second con-
ductive pattern group including the data line 4, the source
electrode 10, and the drain electrode 12, are formed on the
gate insulating layer 46 by a second mask process.

For example, an amorphous silicon layer, an n+ amorphous
silicon layer, and a second conductive material are sequen-
tially coated on the lower substrate 45 provided with the gate
insulating layer 46 by a deposition method, such as a PECVD
and a sputtering. The second conductive material may employ
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Cr, MoW, MoTi, Cr/Al, Cu, Al(Nd), Mo/Al, Mo/Al(Nd),
Cr/Al(Nd) or the like. Next, a photoresist pattern is formed on
the second conductive material by a photolithography using a
second mask. The second mask uses a diffractive exposure
mask or a translucent mask having a diffractive exposure
portion corresponding to a channel region of the TFT. Thus,
the photoresist pattern of the channel portion has a lower
height than other photoresist patterns corresponding to other
regions. Subsequently, the second conductive material is pat-
terned by a wet etching using the photoresist pattern to pro-
vide the second conductive pattern group including the data
line 4, the source electrode 10, the drain electrode 12, which
is integral to the source electrode 10, and a second conductive
layer 4' of the pad portion. Next, the n* amorphous silicon
layer and the amorphous silicon layer are simultaneously
patterned by a dry etching using the same photoresist pattern
to provide the ohmic contact layer 50, the active layer 48, a
semiconductor layer underlying the data line 4, and the semi-
conductor layer 49 underlying the second conductive layer 4'
of the pad portion. The photoresist pattern having the rela-
tively lower height within the channel portion is removed by
an ashing using an oxygen (O,) plasma. Thereafter, the sec-
ond source/drain metal layer and the ohmic contact layer 50
formed at the channel portion are removed by a dry etching.
Accordingly, the active layer 48 of the channel portion is
exposed to electrically separate the source electrode 10 from
the drain electrode 12.

InFIGS. 4C and 4D, the first and second passivation layers
52 and 54, and the first to fifth contact holes 13, 15,27, 33 and
39 passing through the passivation layers 52 and 54, are
formed on the lower substrate 45 provided with the second
conductive pattern group using a third mask process.

For example, as shown in FIG. 4C, the first passivation
layer 52 is entirely coated on the lower substrate 45 provided
with the second conductive pattern group by a deposition
method, such as a PECVD or the like. The first passivation
layer 52 may be made of an inorganic insulating material such
as Si0,, SiN, or the like. The forming process of the first
passivation layer 52 may be omitted. Subsequently, the sec-
ond passivation layer 54 is entirely formed on the lower
substrate 45 provided with the first passivation layer 52 by a
coating method such as a spin coating, a slit coating, or the
like. The second passivation layer 54 may be made of a low
dielectric material such as acryl organic compound or the like.
The second passivation layer 54 functions to reduce the para-
sitic capacitance when the underlying data line 4 and the
overlying common electrode 19 overlap each other. Succes-
sively, the second passivation layer 54 is removed from por-
tions where the first and second contact holes will be formed
and portions where the pads 24, 30 and 36 will be formed, by
a photolithography using a third mask.

As shown in FIG. 4D, the first to fifth contact holes 13, 15,
27, 33 and 39 are formed by a dry etching using the second
passivation layer 54 pattern as a mask. The first contact hole
13 passes through the passivation layers 52 and 54 to expose
the drain electrode 12, and the second contact hole 15 passes
through the passivation layers 52 and 54 and the gate insulat-
ing layer 46 to expose the inner common line 16A. The third
contact hole 27 passes through the gate insulating layer 46 to
expose the gate pad lower electrode 26, and the fourth contact
hole 33 passes through the gate insulating layer 46 to expose
the data pad lower electrode 32. The fifth contact hole 39
passes through the gate insulating layer 46 to expose the
common pad lower electrode 38.

In FIGS. 4E and 4F, a third conductive pattern group
including the pixel electrode 14, the common electrode 19,
the gate pad upper electrode 28, the data pad upper electrode
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34, and the common pad upper electrode 40 is formed on the
lower substrate 45 provided with the contact holes 13, 15,27,
33 and 39 using a fourth mask process.

For example, as shown in FIG. 4E, a third conductive
material 56 is coated on the lower substrate 45 provided with
the passivation layers 52 and 54 including the contact holes
13, 15, 27, 33 and 39 by a deposition method such as a
sputtering or the like. The third conductive material may
employ a transparent conductive material such as ITO, 170,
TO or the like, or a metal material such as Cr, MoW, MoTi,
Cr/Al, Cu, AI(Nd), Mo/Al, Mo/AI(Nd), Cr/AI(Nd), or the
like. The third conductive material 56 may also employ a low
reflective material including a nitride containing material or
an oxide containing material. Subsequently, a photoresist
pattern 58 is formed on the third conductive material 56 using
a third mask.

The third conductive material 56 is patterned by a wet
etching using the photoresist pattern 58 as a mask to provide
a third conductive pattern group including, as shown in FIG.
4F, the pixel electrode 14, the common electrode 19, the gate
pad upper electrode 28, the data pad upper electrode 34 and
the common pad upper electrode 40. The pixel electrode 14 is
electrically connected to the drain electrode 12 of the TFT via
the first contact hole 13. The common electrode 19 is electri-
cally connected to the inner common line 16A via the second
contact hole 15. The gate pad upper electrode 28 is electri-
cally connected to the gate pad lower electrode 26 viathe third
contact hole 27. The data pad upper electrode 34 is electri-
cally connected to the data pad lower electrode 32 via the
fourth contact hole 33. The common pad upper electrode 40 is
electrically connected to the common pad lower electrode 38
via the fifth contact hole 39.

As above, in the LCD and the fabrication method thereof
according to the first embodiment of this document, the pas-
sivation layers made of the low dielectric material are formed
between the common electrode and the data line so as to
overlap the common electrode and the data line. As a result, an
area for the open block in the pixel area is increased, and also
an overlap area between the black matrix and the pixel area is
reduced. Therefore, the transmittance in the pixel is much
increased.

Second Embodiment

A second embodiment according to the invention will be
described with reference to FIGS. 5 to 7F-3. The second
embodiment forms passivation layers made of a low dielec-
tric material between the a common electrode and a data line
so as to overlap the common electrode and the data line, and
moreover directly forms a part of the common electrode and
a finger section of a pixel electrode on a substrate.

FIG. 5 is a plan view of a lower panel, that is, a TFT array
panel formed by the four-round mask process according to the
second embodiment of this document. FIGS. 6 A-6C (collec-
tively FIG. 6) are sectional view taken along the lines TV-IV',
V-V'and VI-VT in FIG. 5.

The TFT array panel shown in FIGS. 5 and 6 comprises a
gate line 102 and a data line 104 with a gate insulating layer
146 therebetween, formed to intersect each other on a lower
substrate 145, a TFT 106 which is formed at each intersection
of the gate and data lines 102 and 104, a pixel electrode 114
and a common electrode 119 which are formed in a pixel
region PA defined by the intersection of the gate and data lines
102 and 104 to generate a horizontal electric field, and, a
common line 116 connected to the common electrode 119. In
addition, the TFT array panel further comprises a storage
capacitor 120 formed at an overlap portion between the com-
mon line 16 and the pixel electrode 114, a gate pad 24 con-
nected to the gate line 102, a data pad 130 connected to the
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data line 104, and a common pad connected to the common
line 116. In order to prevent an image distortion due to a
viewing angle, the pixel area PA where images are displayed
is divided into two domains D1 and D2. The pixel electrode
114 and the common electrode 119 are curved with the
respect of a domain border line B partitioning the first and
second domains D1 and D2. At this time, an electrode angle 6,
formed by the electrodes 114 and 119 and the normal N
perpendicular to the domain border line B, is the same in the
respective domains D1 and D2. The electrode angle 8 is
determined by an initial design value.

The gate line 102 transmitting a gate signal and the data
line 104 transmitting a data signal intersects each other with
the gate insulating layer 146 therebetween to define the pixel
area PA. Here, the gate 102 line is formed by a first conductive
pattern, and the data line 104 is formed by a second conduc-
tive pattern.

The common line 116 and the common electrode 119
transmit a reference voltage (common voltage) for driving an
LC layer. The common line 116 includes an inner common
line 116A which partially surrounds the pixel area PA in a
display area where the pixels are disposed, and an outer
commor line 116B which connects the inner common lines
116A altogether in a non-display area outside the display
area. The common line 116 is formed by the first conductive
pattern.

The common electrode 119 includes a horizontal section
119A which is arranged in parallel to the gate line 102 and is
connected to the inner common line 116A via a second con-
tact hole 115 passing through the gate insulating layer 146
and first and second passivation layers 152 and 154 (where the
first passivation layer 152 may be omitted), and a finger
section 119B which extends from the horizontal section 119A
and has a finger shape. The finger section 19B overlaps the
data line 104 with the passivation layers 152 and 54 placed
between the finger section 19B and the data line 104. The
second passivation layer is made of a low dielectric material,
and thereby the parasitic capacitance can be much reduced.
As described above, the finger section 119B of the common
electrode overlaps the data line 104, and thereby an area for
the open block BL is increased. Here, a black matrix BM on
an upper panel is formed to cover the data line 104 but not to
cover the inner common line 116A. In other words, the width
of the black matrix BM extending inwards the pixel area PA
is reduced. The open block BL is increased and the black
matrix BM is decreased in width, and thereby the transmit-
tance in the pixel 1s much increased.

Meanwhile, the finger section 119B includes not only a
first portion overlapping the data line 104 over the gate insu-
lating layer 146 and the passivation layers 152 and 154, but
also a second portion. The second portion of the finger section
119B is directly formed on the substrate 145. The horizontal
section 119A is over the gate insulating layer 146 and the
passivation layers 152 and 154. The common electrode 119 is
formed by a third conductive pattern.

The TFT 106 responds to gate signals transmitted along the
gate line 102 such that pixel signals transmitted along the data
line 104 are charged to the pixel electrode 114. For this, the
TFT 106 comprises a gate electrode 108 connected to the gate
line 102, a source electrode 110 connected to the data line
104, and a drain electrode 112 connected to the pixel elec-
trode 114. Furthermore, the TFT 106 comprises an active
layer 148 overlapping the gate electrode 108 and the inner
common line 116A with the gate insulating layer 146 placed
between the TFT 106, and the gate electrode 8 and the inner
common line 116A, thereby defining a channel between the
source electrode 110 and the drain electrode 112, and an
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ohmic contact layer 150 formed on the active layer 148 except
for the channel, for making ohmic contact with the source
electrode 110 and the drain electrode 112. The active layer
148 and the ohmic contact layer 150 are formed by a semi-
conductor pattern.

The pixel electrode 114 is arranged in parallel to and oppo-
site to the common electrode 119 to generate a horizontal
electric field in the pixel area PA. The pixel electrode 114 is
connected to the drain electrode 112 via a first contact hole
113 passing through the passivation layers 152 and 154. The
pixel electrode 114 includes a horizontal section 114A which
is arranged in parallel to the neighboring gate line 102, and a
finger section 114B which extends from the horizontal sec-
tion 114A, arranged in parallel to the finger section 119B of
the common electrode 119 in the pixel area PA and has a
finger shape. The finger section 114B is directly formed on
the substrate 145 along with a part of the finger section 119B
of the common electrode 119. As a result, there are no gate
insulating layer 146 and the passivation layers 152 and 154 in
the light transmitting area including the open block BL, and
thereby the transmittance in the pixel is more increased. The
pixel electrode 114 is formed by the third conductive pattern.

The horizontal section 114A of the pixel electrode 114
partially overlaps the inner common line 116 A with the gate
insulating layer 146 and the passivation layers 152 and 154
placed therebetween to form the storage capacitor 120. The
storage capacitor 120 stably maintains a pixel signal for a
current frame charged in the pixel electrode 114 until a pixel
signal for a next frame is charged in the pixel electrode 114.

The gate line 102 is connected to a gate driver (not shown)
via the gate pad 124. The gate pad 124 consists of a gate pad
lower electrode 126 extending from the gate line 102, and a
gate pad upper electrode 128 connected, via a third contact
hole 127 passing through the gate insulating layer 146, to the
gate pad lower electrode 126. The gate pad lower electrode
126 is formed by the first conductive pattern, and the gate pad
upper electrode 128 is formed by the third conductive pattern.

The data line 104 is connected to a data driver (not shown)
via the data pad 130. The data pad 130 consists of a lower data
pad electrode 32 extending from the data line 104, and an
upper data pad electrode 134 connected, via a fourth contact
hole 133 passing through the gate insulating layer 146, to the
lower data pad electrode 132. The data pad lower electrode
132 is formed by the first conductive pattern, and the data pad
upper electrode 134 is formed by the third conductive pattern.

The common line 116 is connected to an external reference
voltage source (not shown) via the common pad 136. The
common pad 136 consists of a common pad lower electrode
138 extending from the outer common line 116B, and a com-
mon pad upper electrode 140 connected, via a fifth contact
hole 139 passing through the gate insulating layer 146, to the
common pad lower electrode 138. The common pad upper
electrode 138 is formed by the first conductive pattern, and
the common pad upper electrode 140 is formed by the third
conductive pattern.

The third conductive pattern forming the pixel electrode
114, the common electrode 119, and the pad upper electrodes
128, 134 and 140 may be formed of a transparent conductive
film or a metal film. In addition, the third conductive pattern
may further be formed of a low reflective film so as to prevent
dazzling due to external light.

A method of fabricating the TFT panel with the above-
described configuration will be described with reference to
FIGS. 7A-1 to 7A-3 (collectively FIG. 7A), 7B-1 to 7B-3
(collectively FI1G. 7B), 7C-1 to 7C-3 (collectively FIG. 7C),
7D-1 to 7D-3 (collectively FIG. 7D), 7E-1 to 7E-3 (collec-
tively FIG. 7E) and 7F-1 to 7F-3 (collectively FIG. 7F).
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Referring to FIG. 7A, a first conductive pattern group
including the gate line 102, the gate electrode 108, the gate
pad lower electrode 126, the data pad lower electrode 132, the
common line 116, and the common pad lower electrode 138
is formed on the lower substrate 145 using a first mask pro-
cess.

In detail, a first conductive material is coated on the lower
substrate 145 by a deposition method, such as sputtering or
the like. Subsequently, the first conductive material is pat-
terned by a photolithography and an etching using the first
mask to form the first conductive pattern group including the
gate line 102, the gate electrode 108, the gate pad lower
electrode 126, the data pad lower electrode 132, the common
line 116, and the common pad lower electrode 138. The first
conductive material may employ Cr, MoW, MoTi, Cr/Al, Cu,
AI(Nd), Mo/Al, Mo/AI(Nd), Cr/Al(Nd), or the like.

InFIG. 7B, a gate insulating layer 46 is coated on the lower
substrate 145 provided with the first conductive pattern group
by a deposition method, such as PECVD or sputtering. The
gate insulating layer 146 may be made of an inorganic insu-
lating material, such as SiO_ or SiN_. Next, a semiconductor
pattern including the active layer 148 and the chmic contact
layer 150, and a second conductive pattern group including
the data line 104, the source electrode 110, and the drain
electrode 112, are formed on the gate insulating layer 146 by
a second mask process.

For example, an amorphous silicon layer, an n+ amorphous
silicon layer, and a second conductive material are sequen-
tially coated on the lower substrate 145 provided with the gate
insulating layer 146 by deposition techniques, such as
PECVD and sputtering. The second conductive material may
employ Cr, MoW, MoTi, Cr/Al, Cu, AI(Nd), Mo/Al, Mo/Al
(Nd), Cr/AI(NQd) or the like. Next, a photoresist pattern is
formed on the second conductive material by a photolithog-
raphy using a second mask. The second mask uses a diffrac-
tive exposure mask or a translucent mask having a diffractive
exposure portion corresponding to a channel region of the
TFT. Thus, a photoresist pattern of the channel portion has a
lower height than other photoresist patterns corresponding to
other regions. Subsequently, the second conductive material
is patterned by a wet etching using the photoresist pattern to
provide the second conductive pattern group including the
data line 104, the source electrode 110, the drain electrode
112, which is integral to the source electrode 110, and a
second conductive layer 104" of the pad portion. Next, the n*
amorphous silicon layer and the amorphous silicon layer are
simultaneously patterned by a dry etching using the same
photoresist pattern to provide the ohmic contact layer 150, the
active layer 148, a semiconductor layer underlying the data
line 104, and the semiconductor layer 149 underlying the
second conductive layer 104' of the pad portion. The photo-
resist pattern having the relatively lower height within the
channel portion is removed by an ashing using an oxygen
(O,) plasma. Thereafter, the second source/drain metal layer
and the ohmic contact layer 150 formed at the channel portion
are removed by a dry etching. Accordingly, the active layer
148 of the channel portion is exposed to electrically separate
the source electrode 110 from the drain electrode 112.

InFIGS. 7C and 7D, the first and second passivation layers
152 and 154, and the first to fifth contact holes 113, 115, 127,
133 and 139 passing through the passivation layers 152 and
154, are formed on the lower substrate 145 provided with the
second conductive pattern group using a third mask process.

For example, as shown in FIG. 7C, the first passivation
layer 152 is entirely coated on the lower substrate 145 pro-
vided with the second conductive pattern group by a deposi-
tion method, such as a PECVD or the like. The first passiva-
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tion layer 152 may be made of an inorganic insulating
material suchas SiO,, SiN, or thelike. The forming process of
the first passivation layer 52 may be omitted. Subsequently,
the second passivation layer 154 is entirely formed on the
lower substrate 145 provided with the first passivation layer
152 by a coating method such as a spin coating, a slit coating,
or the like. The second passivation layer 154 may be made of
a low dielectric material such as acryl organic compound or
the like. The second passivation layer 154 functions to reduce
the parasitic capacitance when the underlying data line 104
and the overlying common electrode 119 overlap each other.
Successively, the second passivation layer 154 is removed
from portions where the first and second contact holes will be
formed and portions where the pads 124, 130 and 136 will be
formed by a photolithography using a third mask.

As shown in FIG. 7D, the first to fifth contact holes 113,
115,127, 133 and 139 are formed by a dry etching using the
second passivation layer 154 pattern as a mask. The first
contact hole 113 passes through the passivation layers 152
and 154 to expose the drain electrode 112, and the second
contact hole 115 passes through the passivation layers 152
and 154 and the gate insulating layer 146 to expose the inner
common line 116A. The third contact hole 127 passes
through the gate insulating layer 146 to expose the gate pad
lower electrode 126, and the fourth contact hole 133 passes
through the gate insulating layer 146 to expose the data pad
lower electrode 132. The fifth contact hole 139 passes through
the gate insulating layer 146 to expose the common pad lower
electrode 138.

In FIGS. 7E and 7F, a third conductive pattern group
including the pixel electrode 114, the common electrode 119,
the gate pad upper electrode 128, the data pad upper electrode
134, and the common pad upper electrode 140 is formed on
the lower substrate 145 provided with the contact holes 113,
115, 127, 133 and 139 using a fourth mask process.

For example, as shown in FIG. 7E, a third conductive
material 156 is coated on the lower substrate 145 provided
with the passivation layers 152 and 154 including the contact
holes 113,115, 127,133 and 139 by a deposition method such
as a sputtering or the like. The third conductive material may
employ a transparent conductive material such as ITO, 170,
TO or the like, or a metal material such as Cr, MoW, MoTi,
Cr/Al, Cu, AI(Nd), Mo/Al, Mo/AI(Nd), Cr/AI(Nd), or the
like. The third conductive material 156 may also employ a
low reflective material including a nitride containing material
or an oxide containing material. Subsequently, a photoresist
pattern 158 is formed on the third conductive material 156
using a third mask.

The third conductive material 156 is patterned by a wet
etching using the photoresist pattern 158 as a mask to provide
a third conductive pattern group including, as shown in FIG.
7F, the pixel electrode 114, the common electrode 119, the
gate pad upper electrode 128, the data pad upper electrode
134 and the common pad upper electrode 140. The pixel
electrode 114 is electrically connected to the drain electrode
112 of the TFT via the first contact hole 113. The common
electrode 119 is electrically connected to the inner common
line 116A viathe second contact hole 115. The gate pad upper
electrode 128 is electrically connected to the gate pad lower
electrode 126 via the third contact hole 127. The data pad
upper electrode 134 is electrically connected to the data pad
lower electrode 132 via the fourth contact hole 133. The
common pad upper electrode 140 is electrically connected to
the common pad lower electrode 138 via the fifth contact hole
139. The finger section 114B of the pixel electrode 114 and a
part of the finger section 119B of the common electrode 119
are directly formed on the substrate 145. As a result, there are
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no gate insulating layer 146 and the passivation layers 152
and 154 in the light transmitting area including the open block
BL, and thereby the transmittance in the pixel is more
increased.

As above, in the LCD and the fabrication method thereof
according to the second embodiment of this document, the
passivation layers made of the low dielectric material are
formed between the common electrode and the data line so as
to overlap the common electrode and the data line. As a result,
an area for the open block in the pixel area is increased, and
also an overlap area between the black matrix and the pixel
area is reduced. Therefore, the transmittance in the pixel is
much increased. Furthermore, in the LCD and the method of
fabricating the LCD according to the second embodiment of
this document, a part of the finger section of the common
electrode and the finger section of the pixel electrode are
directly formed on the substrate. As a result, there are no gate
insulating layer and the passivation layers and in the light
transmitting area including the open block, and thereby the
transmittance in the pixel is more increased.

The foregoing embodiments and advantages are merely
exemplary and are not to be construed as limiting the present
invention. The present teaching can be readily applied to
other types of apparatuses. The description of the foregoing
embodiments is intended to be illustrative, and not to limit the
scope of the claims. Many alternatives, modifications, and
variations will be apparent to those skilled in the art.

What is claimed is:

1. A liquid crystal display comprising:

a gate line formed on a first substrate;

a dataline formed on the first substrate and intersecting the

gate line to define a pixel area;

a common line partially surrounding the pixel area and
formed along with the gate line by a same process;

a thin film transistor formed at the intersection of the gate
line and the data line;

a common electrode having a common electrode horizon-
tal section connected to the common line, and a common
electrode finger section extending from the common
electrode horizontal section with a finger shape; and

a pixel electrode connected to the thin film transistor and
generating a horizontal electric field along with the com-
mon electrode,

wherein a part of the common electrode finger section
overlaps the data line with a first passivation layer hav-
ing a low dielectric and placed between the common
electrode and the data line,

wherein the pixel electrode has a pixel electrode horizontal
section connected to the thin film transistor, and a pixel
electrode finger section extending from the pixel elec-
trode horizontal section in parallel to the common elec-
trode finger section with a finger shape,

wherein the common electrode finger section has a first
portion overlapping the data line and a second portion
other than the first portion, and

wherein the second portion of the common electrode finger
section and the finger section of the pixel electrode are
directly contacting the first substrate.

2. The liquid crystal display of claim 1, wherein the first

passivation layer comprises acryl organic compound.

3. The liquid crystal display of claim 2, further comprising
a second passivation layer made of an inorganic insulating
material and placed between the data line and the first passi-
vation layer.

4. The liquid crystal display of claim 1, further comprising
a second substrate having a black matrix and arranged oppo-
site to the first substrate,
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wherein the black matrix covers the data line but does not
cover the common line arranged in parallel to the data
line.

14



patsnap

ERATROF) WRE TR REGIESE
DF(RE)F Us8ss17214 NIF(AEH)A 2014-08-26
RiES US12/894012 RiEH 2010-09-29

#RIERE(ZEFR)AGE) PARK MUNGI
i (E R AGR) PARK MUNGI

LFERE(ERD)AGE) LG DISPLAY CO., LTD.

R & B A PARK MUNGI

RHAA PARK, MUNGI

IPCHEE GO02F1/1343 G02F1/1333 G02F1/1362

CPCH#E GO02F1/1333 G02F1/1343 G02F1/1362 G02F1/134363 G02F1/136227
KRB (F) #AR , STEWART , KOLASCHS# K |, LLP

Lk 1020090093299 2009-09-30 KR

H Ath 23 FF 3Tk US20110075086A1

S\EBEEE Espacenet USPTO

BWEGF)

REBERERDELRESE —EREOMRE , EREERESMRER
NUREGRXBOHEL , S0 BEEEXEFELHEETZ 5K
S-BERHAHE  EMRENBELOIIATE RN EEREE

SEEEILHALHN K BRKFERIH KB, URNFERRG
NHEFKFHDEMP DL BRER) GRBMERIETRIEEH
Spftaf— ek Fay , Hh A B8RERBo 0 -8 5%E
KEBR , F-MLEERRENFUT AR BN B BRMBEL.



https://share-analytics.zhihuiya.com/view/c34c9807-ad71-48a6-8c3f-01d9e2f4042b
https://worldwide.espacenet.com/patent/search/family/043779994/publication/US8817214B2?q=US8817214B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8817214.PN.&OS=PN/8817214&RS=PN/8817214

