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An array substrate of a liquid crystal display includes a gate
line, a data line crossing the gate line, a thin film transistor
including a gate electrode connected to the gate line, a
semiconductor layer having first and second sides, a source
electrode contacting the first side of the semiconductor layer
and connected to the data line, and a drain electrode con-
tacting the second side of the semiconductor layer, a gate
insulating film provided between the gate line and the data
line, an organic protective film formed on the gate insulating
film, a capacitor common line provided on the organic
protective film to overlap the gate line, an upper insulating
layer provided on the organic protective film, and a pixel
electrode provided on the upper insulating layer partially
overlapping the capacitor common line and the data line, the

30) Foreign Application Priority Data pixel electrode connected to the drain electrode via a contact
hole through the upper insulating layer and the organic
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90a E }

l<<<\L/T\\\\\\\\\ 3~89

479

A~ 77

/ 71

\




Patent Application Publication Jan. 25,2007 Sheet 1 of 32 US 2007/0019124 A1

FIG. T

* CONVENTIONAL ART
Iaa! | - 305 ?9 e
e
I | i

| _254. .27" _,/
IL"T///BOﬁ |




Patent Application Publication Jan. 25,2007 Sheet 2 of 32 US 2007/0019124 A1

FIG.2

CONVENTIONAL ART

~19




Patent Application Publication Jan. 25,2007 Sheet 3 of 32 US 2007/0019124 A1

FIG.3A

CONVENTIONAL ART
/
1 ] 7 ]
{ _ \ ?
13 15 11
CONVENTIONAL ART
21 _
"0 + Q'§ +* 0.. ‘A’ '
2] JW‘"——Nw
\) \ ( {
13 23 15 11



Patent Application Publication Jan. 25,2007 Sheet 4 of 32 US 2007/0019124 A1

FIG.3C

CONVENTIONAL ART

FIG.3D

CONVENTIONAL ART

29

131
119




Patent Application Publication Jan. 25,2007 Sheet 5 of 32 US 2007/0019124 A1

FIG.3E

CONVENTIONAL ART

~19




Patent Application Publication Jan. 25,2007 Sheet 6 of 32

F1G.4

CONVENTIONAL ART

US 2007/0019124 A1

~<\]
AN

5743 59'

H,_’ j




Patent Application Publication Jan. 25,2007 Sheet 7 of 32 US 2007/0019124 A1

FIG.5

CONVENTIONAL ART




Patent Application Publication Jan. 25,2007 Sheet 8 of 32 US 2007/0019124 A1

. FIG.BA

CONVENTIONAL ART
) - Z7A VZZ7A
| ) . \} ‘} 41
- 43 45 47

FIG.6B

CONVENTIONAL ART

—49
+~41




Patent Application Publication Jan. 25,2007 Sheet 9 of 32 US 2007/0019124 A1

FIG.6C

CONVENTIONAL ART

~—49
41

FIG.6D

CONVENTIONAL ART




Patent Application Publication Jan. 25,2007 Sheet 10 of 32 US 2007/0019124 A1

FIG.7

<] ..
-

R »
. ////// 2o
N o
93— ' |
| B
o Mer e ﬁ
I // é}ﬁa - A.L CATHIR |
7 .//Z//////,////%{////él
e L —




Patent Application Publication Jan. 25,2007 Sheet 11 of 32 US 2007/0019124 A1

FIG.8

87
90a ) =
jRi?\ UK\\\\\\\L J o KNS { N\ .89
4-79
", 177
/ 71




Patent Application Publication Jan. 25,2007 Sheet 12 of 32 US 2007/0019124 A1

I’

/73

I
|
A!
.
|
m_ [_]

FIG.9B

) / 71
1 \
73 . 75

- - - "



Patent Application Publication Jan. 25,2007 Sheet 13 of 32 US 2007/0019124 A1

FIG.10

A‘A<’ . ’4'[_*‘* f Em \__ﬁ~_77
J / 71
RN ‘



Patent Application Publication Jan. 25,2007 Sheet 14 of 32 US 2007/0019124 A1

FIG.11A




Patent Application Publication Jan. 25,2007 Sheet 15 of 32 US 2007/0019124 A1

FIG.12A

— —
. 1o 87
Al 1 A M
Al . 1 m b
/ 1] 1ar / AL .
;: // I '/: /, ,//
' 87A7\, 87
| | -
il | w o e
i es s 85.| IO /
Al 1 b P’ 5
m — ] 1] 1/
,—,—aL (g, ~— V== =N
\Z = ////////////, A

IIIIIIII




Patent Application Publication Jan. 25,2007 Sheet 16 of 32 US 2007/0019124 A1

FIG.12B

87
87A 878 87C
L A NS
1_79
-
g s A
75 {




Patent Application Publication Jan. 25,2007 Sheet 17 of 32

US 2007/0019124 A1
FIG.13A
_/T _/T
1 ' 7 (¢ ,7 .
(I Y
Y NV
/: d I11 ,: N R
- M rm Rt
[_7"‘1/ : - e A SRS & WU S S St SR J— y 4
=/ /AN = A

o l 11 7
T m 17

i ,1 83 73 85 oI/ O

1l 1 _/ 1M |

m L[] 203 1 UhfiR
\Zr=it //////////%/Er

IIIIIIIIIIIIIIIIIII




Patent Application Publication Jan. 25,2007 Sheet 18 of 32 US 2007/0019124 A1

FIG.13B




Patent Application Publication Jan. 25,2007 Sheet 19 of 32 US 2007/0019124 A1

FIG.14A

91
}\r /( A Jf
m o
% .// A
% 1 U
1 r .
\Ur= s dradidrri s, =
|
| l _
) :_ i %
W M 8373 gs! 1 1
il . 1 o
o — 4 4_9_031'_ oy IR
4 /'l//' y S i S S A S SN S5 A & /',/ 1
\Gr=ilerrrisdsidrds =Y,
)



Patent Application Publication Jan. 25,2007 Sheet 20 of 32

FIG.14B

=/ S =

90a

]

91
87
|

\

US 2007/0019124 A1

VI

=
ANSNANNNN

— 89

SN

~79.

/——————\_____l\_"??

71




Patent Application Publication Jan. 25,2007 Sheet 21 of 32

US 2007/0019124 A1
- FIG.15
-
' 121
- y A
;/.] A :j 4
b A A /
// R% /’ "
/ A A / f‘/ a@
}/‘ A E P’ Va
M . = »
A T A A AR / - 1405
W S TR S S SV a4V
: 120b
117—T ' : //
? | 4 121
71 ‘ : l 7_ : -
0 L/ 1203'\ i o7
v __;,__ % e — AN X




Patent Application Publication Jan. 25,2007 Sheet 22 of 32 US 2007/0019124 A1

FIG.16

120a 125 ’1/20b
‘ 3123
=%
4+~118
r[_.a"—\_—/ 1 1 9
o) ' T, 107
\ \ ) 1 \ / +~101

\ \ |



Patent Application Publication Jan. 25,2007 Sheet 23 of 32 US 2007/0019124 A1

FIG.17A

e o

|
|
|
‘!
.

w _;gs_J n

—— il

FIG.17B

_L,.,\
p—



Patent Application Publication Jan. 25,2007 Sheet 24 of 32 US 2007/0019124 A1

FIG.18

=" & A 3107
Z7Z _ 1101




Patent Application Publication Jan. 25,2007 Sheet 25 of 32 US 2007/0019124 A1

FIG.19A

~—105

119



Patent Application Publication Jan. 25,2007 Sheet 26 of 32 US 2007/0019124 A1

FIG.19B

TR77777777) 107
1101

—t1

\ v
117 109 103 111 115 105



Patent Application Publication Jan. 25,2007 Sheet 27 of 32 US 2007/0019124 A1

FIG.20A

: 121
o A
A /
/ / ,
A Bit _
/: gl iU
1
U A LA ,/ A
Q) —
=
8] '1 L ~
I\A

f M7 A \i21
A / 121
M 14113103 f ;3/ 121&
/' % /f// 7—/ :
// A // LAY > 121C
IV _te__',/ 1 —t I )

~
N

VARV ARV Ay . |




Patent Application Publication Jan. 25,2007 Sheet 28 of 32 US 2007/0019124 A1

FIG.20B

121D
A SSSSSSS AN/ ASSSSSI-121

+~118

; anll7/77) A .
\ = A A N ] 1101

R
117 dog 103 111 15 105



Patent Application Publication Jan. 25,2007 Sheet 29 of 32 US 2007/0019124 A1

FIG.21A

— )
121
'y "
1 W o A/'
{ A . . g
|
| 1AM 1 iR
P /

I

. ' ‘ 121
A W113103 ‘ M0
// A 1 13 11? - /’ f
1 /120 ' Ml 1
Y1 A A / f
v _Ej_ ,M(—g;'ﬂ :/ AR
KV/' { A A A,




Patent Application Publication Jan. 25,2007 Sheet 30 of 32 US 2007/0019124 A1

FIG.21B

1208 128 }20b

A e | I Y ey | e L
118

119

_107

] 101

)

\ \ i
117 109 103 111 1)15 105



Patent Application Publication Jan. 25,2007 Sheet 31 of 32 US 2007/0019124 A1

FIG.22A

B —r

121

S .. . . |

D . R, . . W, W |

NN . . N N

1

| \Z s /a ‘ 108

AW Y Y Y N 2 XY XY L8 L2Y X .
el |41 V4 [.f 2 2 L 2 L L L. L A - AR S A A |

' - 125
120

121

\ B

—
(03]
S S S S

.

- R W V. V. |

-

N
X
—
AN
o
o
\.Y\\\V
N\
X\
&

g
'\\\\\\.J

IV —

J A 4 A LT .y e D r Ly -

N,




Patent Application Publication Jan. 25,2007 Sheet 32 of 32 US 2007/0019124 A1

F1G.22B

1
117 109 103



US 2007/0019124 Al

ARRAY SUBSTRATE OF LIQUID CRYSTAL
DISPLAY AND FABRICATING METHOD
THEREOF

[0001] The present invention claims the benefit of Korean
Patent Application No. P2001-31511 filed in Korea on Jun.
5, 2001, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] This invention relates to a liquid crystal display,
and more particularly to an array substrate of a liquid crystal
display and a fabricating method thereof that are adaptive
for increasing an aperture ratio and a capacitance value of a
storage capacitor.

[0004] 2. Discussion of the Related Art

[0005] Generally, a liquid crystal display (LCD) controls
light transmittances of liquid crystal cells in response to a
video signal, thereby display image data (picture). An active
matrix LCD having a switching device for each liquid
crystal cell is suitable for displaying a moving picture. In
general, the active matrix LCD uses a thin film transistor
(TFT) as the switching device.

1. Field of the Invention

[0006] The LCD uses a storage capacitor for sustaining a
voltage charged in a liquid crystal cell to ensure stability of
a gray level display. The storage capacitor may be classified
into two categories: a storage-on-gate (SOG) system that
overlaps a portion of the (n-1)th gate line with the nth pixel
electrode to form a storage capacitor of the nth pixel; and a
storage-on-common (SOC) system that provides a separate
common electrode at a lower portion of a pixel electrode to
form a storage capacitor.

[0007] FIG. 1 is a plan view showing a structure of an
array substrate of a conventional LCD adopting a storage-
on-gate system, and FIG. 2 is a cross sectional view of the
array substrate taking along I-I' in FIG. 1. In FIGS. 1 and 2,
a lower substrate 11 of the LCD includes a TFT arranged at
an intersection between a gate line 15' and a data line 17, a
pixel electrode 33 connected to a drain electrode 27 of the
TFT, and a storage capacitor positioned at an overlapping
portion between the pixel electrode 33 and the pre-stage gate
line 15.

[0008] The TFT includes a gate electrode 13 connected to
the gate line 15', a source electrode 25 connected to the data
line 17, and a drain electrode 27 connected, via a first contact
hole 304, to the pixel electrode 33. The TFT further includes
a gate insulating film 19 for electrically insulating the gate
electrode 13 and the source and drain electrodes 25 and 17,
and semiconductor layers 21 and 23 defining a conduction
channel between the source electrode 25 and the drain
electrode 27 by application of a gate voltage to the gate
electrode 13. The TFT responds to a gate signal from the
gate line 15' to selectively apply a data signal from the data
line 17 to the pixel electrode 33.

[0009] The pixel electrode 33 is positioned at a cell area
divided by the data line 17 and the gate line 15' and is made
from a transparent conductive material having a high light
transmittance. The pixel electrode 33 is provided on a
protective film 31 coated on an entire surface of the lower
substrate 11 and is electrically connected, via the first
contact hole 30a defined at the protective film 31, to the
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drain electrode 27. The pixel electrode 33 generates a
potential difference from a common transparent electrode
(not shown) provided at an upper substrate (not shown) by
the data signal applied via the TFT. This potential difference
allows a liquid crystal positioned between the lower sub-
strate 11 and the upper substrate (not shown) to change a
liquid crystal molecule arrangement owing to its dielectric
anisotropy characteristic. Accordingly, an arrangement of
the liquid crystal molecules is changed for each pixel in
accordance with the data voltage applied via the TFT,
thereby displaying image data information on the LCD.

[0010] The storage capacitor should have a large capaci-
tance value enough to keep the pixel voltage stable. Accord-
ingly, the storage capacitor includes a capacitor electrode 29
electrically connected, via a second contact hole 305, to the
pixel electrode, and a gate line 15 having the gate insulating
film 19 disposed therebetween.

[0011] FIGS. 3A to 3E are cross sectional views showing
a method of fabricating the array substrate of the LCD
shown in FIG. 2.

[0012] In FIG. 3A, the gate electrode 13 and the gate line
15 are provided on the substrate 11. The gate electrode 13
and the gate line 15 are formed by depositing aluminum (Al)
or copper (Cu) material, using a deposition technique such
as a sputtering, and then patterning the material.

[0013] In FIG. 3B, a gate insulating film 19, an active
layer 21 and an ohmic contact layer 23 are provided on the
substrate 11. The gate insulating film 19 is formed by
depositing an insulating material such as silicon nitride
(SiN,) or silicon oxide (SiO,) using a plasma enhanced
chemical vapor deposition (PECVD) techmque to cover the
gate electrode 13 and the gate line 15. The active layer 21
and the ohmic contact layer 23 are formed by sequentially
depositing two semiconductor layers on the gate insulating
film 19 and patterning the deposited semiconductor layers.
The active layer 21 is formed from amorphous silicon that
is not doped with an impurity, and the ohmic contact layer
23 is formed from amorphous silicon doped with an n-type
or p-type impurity at a high concentration.

[0014] In FIG. 3C, a data line 17 (in FIG. 1), the source
and drain electrodes 25 and 27 and the capacitor electrode 29
are provided on the gate insulating film 19 by depositing a
metal layer using a CVD or sputtering technique and pat-
terning. After the source and drain electrodes 25 and 27 are
patterned, the ohmic contact layer 23 at an area correspond-
ing to the gate electrode 13 is patterned to expose the active
layer 21. The area of the active layer 21 corresponding to the
gate electrode 13 between the source and drain electrodes 25
and 27 provides a channel. The capacitor electrode 29
overlaps with the gate line 15. The data line 17 (in FIG. 1),
the source and drain electrodes 25 and 27, and the capacitor
electrode 29 are made from chrome (Cr) or molybdenum
(Mo) material.

[0015] In FIG. 3D, a protective film 31 having first and
second contact holes 30a and 305 is provided. The protec-
tive layer 31 is formed by depositing an insulating material
on the gate insulating layer 19 and patterning the material to
cover the source and drain electrodes 25 and 27. The
protective film 31 is made from an inorganic insulating
material such as silicon nitride (SiN,) or silicon oxide
(8i0,).
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[0016] In FIG. 3E, a pixel electrode 33 is provided on the
protective film 31. The pixel electrode 33 is formed by
depositing a transparent conductive material on the protec-
tive film 31 and then patterning the material. The pixel
electrode 33 is electrically connected, via the first contact
hole 304, to the drain electrode 27 and is electrically
connected, via the second contact hole 305, to the capacitor
electrode 29. The pixel electrode 33 is made from a trans-
parent conductive material such as indium-tin-oxide (ITO),
indium-zinc-oxide (IZO) or indium-tin-zinc-oxide (ITZO).

[0017] FIG. 4 is a plan view showing a structure of an
array substrate of a conventional LCD adopting a storage-
on-common system, and FIG. 5 is a cross sectional view of
the array substrate taking along II-II' in FIG. 4. In FIG. 4, a
storage capacitor 50 is positioned at center portion of a pixel
area. The storage capacitor 50 should have a capacitance
value large enough to keep a pixel voltage stable. Accord-
ingly, the storage capacitor 50 includes a pixel electrode 55
electrically connected to a drain electrode 59, and a capaci-
tor common electrode 45 having a gate insulating film 49
disposed therebetween.

[0018] FIGS. 6A to 6D are cross sectional views showing
a method of fabricating the array substrate of the LCD
shown in FIG. 5.

[0019] In FIG. 6A, a gate electrode 43, a capacitor elec-
trode 45, and a gate line 47 are provided on the substrate 41
by depositing aluminum (Al) or copper (Cu) material using
a deposition techmque such as a sputtering and then pat-
terning the material.

[0020] In FIG. 6B, a gate insulating film 49, an active
layer 51, and an ohmic contact layer 53 are provided on the
substrate 41. The gate insulating film 49 is formed by
depositing an insulating material such as silicon nitride
(SiN,) or silicon oxide (SiO,) using a plasma enhanced
chemical vapor deposition (PECVD) technique to cover the
gate electrode 43, the capacitor common electrode 45, and
the gate line 47. The active layer 51 and the ohmic contact
layer 53 are formed by sequentially depositing two semi-
conductor layers on the gate insulating film 49 and then
patterning the disposed semiconductor layers. The active
layer 51 is formed from amorphous silicon that is not doped
with an impurity, and the ohmic contact layer 53 is formed
from amorphous silicon doped with an n-type or p-type
impurity at a high concentration.

[0021] InFIG. 6C, a pixel electrode 55, a data line 63, and
source and drain electrodes 57 and 59 are provided on the
gate insulating film 49. The pixel electrode 55 is formed by
depositing a transparent conductive material on the gate
insulating film 49 and then patterning the material. The pixel
electrode 55 is made from any one of ITO, IZO and ITZO.
Subsequently, the data line 63, and the source and drain
electrodes 57 and 59 are provided. The data line 63, and the
source and drain electrodes 57 and 59 are formed by
depositing a metal layer using a CVD or sputtering tech-
nique, and then patterning the metal layer. After the source
and drain electrodes 57 and 59 are patterned, the ohmic
contact layer 53 is patterned at an area corresponding to the
gate electrode 43 to expose the active layer 51. The area of
the active layer 51 corresponding to the gate electrode 43
between the source and drain electrodes 57 and 59 provides
a channel. The drain electrode 59 electrically contacts the
pixel electrode 55 without any contact hole. The data line 63
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and the source and drain electrodes 57 and 59 are made from
chrome (Cr) or molybdenum (Mo).

[0022] In FIG. 6D, a protective film 61 is provided at a
TFT area. The protective film 61 is formed by depositing an
insulating material on the gate insulating layer 19, and then
patterning the material to cover the source and drain elec-
trodes 57 and 59. The protective film 61 is made from an
inorganic insulating material such as silicon nitride (SiN, ) or
silicon oxide (SiO,).

[0023] To overcome a flicker phenomenon, the capaci-
tance of the storage capacitor is increased by increasing an
area of the capacitor electrode. Accordingly, in a storage-
on-gate system, a width of the gate line is increased to
increase the capacitance of the storage capacitor. However,
since an aperture ratio is reduced, and a line delay effect of
a gate signal is enhanced when a width of the gate line is
widened, there is a limit in widening the gate line. Further-
more, since the LCD of a storage-on-common system has
the storage capacitor provided at a center of the pixel cell,
the aperture ratio is reduced more than the LCD of a
storage-on-gate system. As previously described, as an area
of the capacitor electrode is increased, aperture ratio is
reduced. In particular, high pixel density, ferroelectric, and
semi-ferroelectric LCD’s require high capacitance storage
capacitors and high aperture ratios.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to an
array substrate of a liquid crystal display and fabricating
method thereof that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

[0025] An object of the present invention is to provide an
array substrate of a liquid crystal display and a fabricating
method thereof that are adaptive for increasing a capacitance
value of a storage capacitor without reducing an aperture
ratio.

[0026] Another object of the present invention is to pro-
vide an array substrate of a liquid crystal display with
improved performance that can be efliciently manufactured.

[0027] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0028] To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described, an array substrate of a liquid crystal
display includes a gate line, a data line crossing the gate line,
a thin film transistor including a gate electrode connected to
the gate line, a semiconductor layer having first and second
sides, a source electrode contacting the first side of the
semiconductor layer and connected to the data line, and a
drain electrode contacting the second side of the semicon-
ductor layer, a gate insulating film provided between the gate
line and the data line, an organic protective film formed on
the gate insulating film, a capacitor common line provided
on the organic protective film to overlap the gate line, an
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upper insulating layer provided on the organic protective
film, and a pixel electrode provided on the upper insulating
layer partially overlapping the capacitor common line and
the data line, the pixel electrodeconnected to the drain
electrode via a contact hole through the upper insulating
layer and the organic protective film.

[0029] In another aspect, an array substrate of a liquid
crystal display includes a gate line, a data line crossing the
gate line, a thin film transistor including a gate electrode
connected to the gate line, a semiconductor layer having first
and second sides, a source electrode contacting the first side
of the semiconductor layer and connected to the data line,
and a drain electrode contacting the second side of the
semiconductor layer, a gate insulating film provided
between the gate line and the data line, a capacitor electrode
provided on the gate insulating film to overlap the gate line,
the capacitor electrode includes a plurality of sub-pixel
units, an organic protective film formed on the gate insu-
lating film, a capacitor common line provided on the organic
protective film to overlap the gate line, an upper insulating
layer provided on the organic protective film, and a pixel
electrode partially overlapping the capacitor common line
and the data line, the pixel electrode connected to the drain
electrode and capacitor electrode via first and second contact
holes, respectively, provided through the upper insulating
layer and the organic protective film.

[0030] In another aspect, a method of fabricating an array
substrate of a liquid crystal display includes forming a gate
line and a gate electrode connected to the gate line on a
substrate, forming a gate insulating film on the substrate,
forming a semiconductor layer overlapping the gate elec-
trode, forming a data line crossing the gate line, a source
electrode on a first side of the semiconductor layer and
connected to the data line, and a drain electrode on a second
side of the semiconductor layer, forming an organic protec-
tive film on the gate insulating film, forming a capacitor
common line overlapping the gate line, forming an upper
insulating layer on the organic protective film, forming a
contact hole through the upper insulating layer and the
organic protective film, and forming a pixel electrode par-
tially overlapping the capacitor common line and the data
line, and connected to the drain electrode via the contact
hole.

[0031] In another aspect, a method of fabricating an array
substrate of a liquid crystal display includes forming a gate
line and a gate electrode connected to the gate line on a
substrate, forming a gate insulating film on the substrate,
forming a semiconductor layer overlapping the gate insu-
lating film above the gate electrode, forming a data line
crossing the gate line, a source electrode connected to the
data line contacting a first side of a semiconductor layer, a
drain electrode contacting a second side of the semiconduc-
tor layer, and a capacitor electrode overlapping the gate line
to form a sub-pixel unit, forming an organic protective film
on the gate insulating film, the source and drain electrodes,
and the capacitor electrode, forming a capacitor common
line overlapping the gate line, forming an upper insulating
layer on the organic protective film, forming first and second
contact holes going through the upper insulating layer and
the organic protective film, and forming a pixel electrode
partially overlapping the capacitor common line and the data
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line and connected to the drain electrode via the first contact
hole and to the capacitor electrode via the second contact
hole.

[0032] In another aspect, an array substrate of a liquid
crystal display includes a gate line, a data line crossing the
gate line, a gate insulating film between the gate line and the
data line, a thin film transistor connected to the gate line and
the data line, a pixel electrode connected to the thin film
transistor, the pixel electrode at least partially overlapping
the gate line and the data line with an organic protective film
and an upper dielectric layer therebetween, and a storage
capacitor including at least a capacitor common line over-
lapping the gate line, and the pixel electrode overlapping the
capacitor common electrode.

[0033] In another aspect, an array substrate of a liquid
crystal display includes a gate line, a data line crossing the
gate line, a gate insulating film between the gate line and the
data line, a thin film transistor connected to the gate line and
the data line, a pixel electrode connected to the thin film
transistor, the pixel electrode partially overlapping the data
line, the gate line, and the gate insulating film with an
organic protective film and an upper dielectric layer ther-
ebetween, a first storage capacitor including a capacitor
electrode connected to the pixel electrode via a contact hole
through the organic protective film and the upper dielectric
layer, and a second storage capacitor including a capacitor
common line overlapping the gate line, and the pixel elec-
trode overlapping the capacitor common electrode, the first
storage capacitor being connected, in parallel, to the second
storage capacitor.

[0034] In the array substrate, the capacitor common line
includes an arm member partially overlapping with each
side portion of the data line.

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0037] FIG. 1 is a plan view showing a structure of an
array substrate of a conventional liquid crystal display
adopting a storage-on-gate system;

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

[0039] FIGS. 3A to 3E are cross sectional views of a
method of fabricating the array substrate shown in FIG. 2
according to the conventional art;

[0040] FIG. 4 is a plan view showing a structure of an
array substrate of a conventional liquid crystal display
adopting a storage-on-common system;

[0041] FIG. 5 is a cross sectional view of the array
substrate taken along II-1I' in FIG. 1;
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[0042] FIGS. 6A to 6D are cross sectional views of a
method of fabricating the array substrate shown in FIG. 5§
according to the conventional art;

[0043] FIG. 7 is a plan view showing an exemplary array
substrate of a liquid crystal display according to the present
invention;

[0044] FIG. 8 is a cross sectional view of the array
substrate taken along III-III' in FIG. 7

[0045] FIGS. 9 to 14 are cross sectional views of an
exemplary method of fabricating the array substrate shown
in FIG. 8 according to the present invention;

[0046] FIG. 15 is a plan view showing another exemplary
array substrate of a liquid crystal display according to the
present invention;

[0047] FIG. 16 is a cross sectional view of the array
substrate taken along IV-IV' in FIG. 15; and

[0048] FIGS. 17 to 22 are cross sectional views of another
exemplary method of fabricating the array substrate shown
in FIG. 16 according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0049] FIG. 7 is a plan view showing an exemplary array
substrate of a liquid crystal display according to the present
invention, and FIG. 8 is a cross sectional view of the array
substrate taken along III-III' in FIG. 7.

[0050] In FIGS. 7 and 8, a lower substrate 71 of an LCD
may include a TFT arranged at an intersection between a
gate line 75 and a data line 93, a pixel electrode 91
connected to a drain electrode 85 of the TFT, and a storage
capacitor to overlap with a partial area of the gate line 75 and
the data line 93.

[0051] The TFT may include a gate electrode 73 con-
nected to the gate line 75, a source electrode 83 connected
to the data line 93, and a drain electrode 85 connected, via
a contact hole 90a, to the pixel electrode 91. Furthermore,
the TFT may include a gate insulating film 77 insulating the
gate electrode 73, and the source and drain electrodes 83 and
85, and semiconductor layers 79 and 81 defining a conduc-
tion channel between the source electrode 83 and the drain
electrode 85 by application of a gate voltage to the gate
electrode 73. Accordingly, the TFT responds to a gate signal
from the gate line 75 to selectively apply a data signal from
the data line 93 to the pixel electrode 91.

[0052] The pixel electrode 91 may be positioned on an
upper insulating layer 89 at a cell area divided by the data
line 93 and the gate line 75, and may be made from a
transparent conductive material having a high light trans-
mittance, for example. The pixel electrode 91 may use an
organic protective film 79 having a small dielectric constant
formed such that a portion overlaps the data line 93. Accord-
ingly, the pixel electrode 91 may have an increased aperture
ratio as compared to a pixel electrode that uses an inorganic
protective film. The pixel electrode 91 may be electrically
connected, via the contact hole 90a defined at the organic
protective film 79 and the upper insulating film 89, to the
drain electrode 85. The pixel electrode 91 generates a
potential difference from a common transparent electrode
(not shown) provided at an upper substrate (not shown) by
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a data signal applied via the TFT. The potential difference
allows a liquid crystal positioned between the lower sub-
strate 71 and the upper substrate (not shown) to change a
liquid crystal molecule arrangement owing to its dielectric
anisotropy characteristic. Accordingly, an arrangement of
liquid crystal molecules is changed for each pixel in accor-
dance with a data voltage applied via the TFT, thereby
expressing image data (picture information) on the LCD.

[0053] The pixel electrode 91, the gate line 75, and a
portion of the data line 93 should have a large capacitance
value to maintain a stable pixel voltage. Accordingly, the
storage capacitor may include a pixel electrode 91 electri-
cally connected, via the contact hole 90a, to the drain
electrode 85, and a capacitor common line 75 having the
upper insulating film 89 disposed therebetween. The capaci-
tor common line 87 may overlap the gate line 75, and a
portion of the data line 93 to create a relatively large
electrode area, thereby increasing a capacitance value of the
storage capacitor. In addition, the capacitor common line 87
may overlap the gate line 75, and the data line 93 so as not
to occupy additional area, thereby increasing an aperture
ratio. The capacitor common line 75 may extend to be
commonly connected to the common line 75 and apply a
similar common voltage as the common electrode (not
shown) of the upper substrate (not shown). Also, the capaci-
tor common line 87 may serve as a black matrix for
extinguishing light along the gate line 75 and the data line
93, whereby formation of an additional black matrix on the
upper substrate is unnecessary.

[0054] FIGS. 9 to 14 are cross sectional views of an
exemplary method of fabricating the array substrate of the
LCD shown in FIG. 8 according to the present invention.

[0055] InFIGS. 9A and 9B, a gate electrode 73, and a gate
line 75 may be provided on a substrate 71. The gate
electrode 73 and the gate line 75 may be formed by
depositing aluminum (Al) or copper (Cu) material, for
example, using a deposition technique such as a sputtering,
for example, and patterning the material.

[0056] InFIG.10, a gate insulating film 77, an active layer
79 and an ohmic contact layer 81 may be provided on the
substrate 71. The gate insulating film 77 may be formed by
depositing an insulating material such as silicon nitride
(SiN,) or silicon oxide (SiO,), for example, onto the sub-
strate 71 using a plasma enhanced chemical vapor deposi-
tion (PECVD) technique, for example, to cover the gate
electrode 73 and the gate line 75. The active layer 79 and the
ohmic contact layer 81 may be formed by sequentially
depositing two semiconductor layers on the gate insulating
film 77 and patterning the deposited semiconductor layers.
The active layer 79 may be formed from amorphous silicon
that is not doped with an impurity, for example, and the
ohmic contact layer 81 may be formed from amorphous
silicon doped with an n-type or p-type impurity at a high
concentration, for example.

[0057] In FIGS. 11A and 11B, a data line 93, and source
and drain electrodes 83 and 85 may be provided on the
substrate 71. The data line 93, and the source and drain
electrodes 83 and 85 may be formed by depositing a metal
layer using CVD or sputtering techmques, for example, and
patterning the metal layer. After the source and drain elec-
trodes 83 and 85 are formed, the ohmic contact layer 81 at
an area corresponding to the gate electrode 73 may be
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patterned to expose the active layer 79, thereby creating a
channel within an area of the active layer 79 corresponding
to the gate electrode 73 between the source and drain
electrodes 83 and 85. The data line 93, and the source and
drain electrodes 83 and 85 may include chrome (Cr) or
molybdenum (Mo) material, for example.

[0058] In FIGS. 12A and 12B, an organic protective film
79 and a capacitor common line 87 may be sequentially
provided on the substrate 71. The organic protective film 79
may be formed by coating an insulating material on the gate
insulating layer 77 using a spin coating technique to cover
the source and drain electrodes 83 and 85, for example.
Accordingly, a surface of the organic protective film 79 may
be flattened. The capacitor common line 87 may be provided
to overlap the gate line 75 and a portion of the data line 93
by depositing a conductive material on the organic protec-
tive film 79, for example, and patterning the material.
Accordingly, the capacitor common line 87 may include a
body 87C overlapping end portions of the pixel electrode 91,
and the gate line 75, and two arms 87A and 87B connected
to the body 87C and overlapping opposing sides of the data
line 93. The body 87C of the capacitor common line 87 may
be set to have a width larger than widths of each of the arms
87A and 87B.

[0059] The organic protective film 79 may be formed from
an organic insulating material having a small dielectric
constant such as Teflon7, benzocyclobutene (BCB), Cytop7
or perfluorocyclobutane (PFCB), for example. Preferably, a
dielectric constant of the organic protective film 79 is
between about 2 and about 4. In addition, a thickness of the
organic protective film 79 is preferably between about 1 um
and about 3 pm to sufficiently reduce a parasitic capacitance
formed at the overlapping portions between the capacitor
common line 87 and the gate line 75.

[0060] InFIGS. 13A and 13B, an upper insulating layer 89
may be provided on the organic protective film 79. The
upper insulating layer 89 may be formed by depositing an
insulating material on the organic protective film 79 using a
plasma enhanced chemical vapor deposition (PECVD) tech-
nique, for example, to cover the capacitor common line 87.
Subsequently, the upper insulating layer 89 and the organic
protective film 79 may be patterned to form the contact hole
90a to expose the drain electrode 85. The upper insulating
layer 89 may include an inorganic insulating material such
as silicon nitride (SiN,) or silicon oxide (Si0,), for example.

[0061] InFIGS. 14A and 14B, a pixel electrode 91 may be
provided on the upper insulating layer 89. The pixel elec-
trode 91 may be formed by depositing a transparent con-
ductive material on the upper insulating layer 89, and
patterning the material, for example. The pixel electrode 91
may be electrically connected, via the contact hole 90aq, to
the drain electrode 85, and may include any one of ITO, IZO
and ITZO, for example.

[0062] FIG. 15 is a plan view showing another exemplary
array substrate of a liquid crystal display according to the
present invention, and FIG. 16 is a cross sectional view of
the array substrate taken along IV-IV' in FIG. 15 according
to the present invention.

[0063] InFIGS. 15and 16, alower substrate 101 of a LCD
may include a TFT arranged at an intersection between a
gate line 105 and a data line 117, a pixel electrode 125
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connected to a drain electrode 115 of the TFT, and a storage
capacitor positioned at an overlapping portion between the
gate line 105 and a part of the data line 117.

[0064] The TFT may include a gate electrode 103 pro-
truding from the gate line 105, a source electrode 113
protruding from the data line 117, and a drain electrode 115
connected, via a first contact hole 120aq, to the pixel elec-
trode 125. Furthermore, the TFT may include a gate insu-
lating film 107 insulating the gate electrode 113 and the
source and drain electrodes 113 and 115, and semiconductor
layers 109 and 111 defining a conduction channel between
the source electrode 113 and the drain electrode 115 by
application of a gate voltage to the gate electrode 103.
Accordingly, the TFT responds to a gate signal from the gate
line 105 to selectively apply a data signal from the data line
117 to the pixel electrode 125.

[0065] The pixel electrode 125 may be positioned on an
upper insulating layer 123 coated on an entire surface of the
lower substrate 101 at a cell area divided by the data line 93
and the gate line 75. The pixel electrode may include a
transparent conductive material having a high light trans-
mittance, for example. The pixel electrode 125 may use an
organic protective film 118 having a small dielectric con-
stant such that a portion overlaps the data line 117. Accord-
ingly, the pixel electrode may have an increased aperture
ratio as compared to a pixel electrode that uses an inorganic
protective film. The pixel electrode 125 may be electrically
connected, via the first contact hole 120a defined by the
upper insulating layer 123 and the organic protective film
118, to the drain electrode 115.

[0066] The storage capacitor should have a large capaci-
tance to maintain a stable pixel voltage. Accordingly, the
storage capacitor may include a parallel connection of a first
storage capacitor of a storage-on-common system, and a
second storage capacitor of a storage-on-gate system. The
first storage capacitor may include the pixel electrode 125,
and a capacitor common line 121 having an upper insulating
layer 123 disposed therebetween with the capacitor common
line 121 overlapping the gate line 105 and a portion of the
data line 117. In addition, the capacitor common line 121
may serve as a black matrix for extinguishing light along the
gate line 105 and the data line 117, whereby formation of an
additional black matrix on the upper substrate is unneces-
sary. The second storage capacitor may include a capacitor
electrode 119 connected, via a second contact hole 1205, to
the pixel electrode 119, and the gate line having the gate
insulating film 107 disposed therebetween.

[0067] A capacitance value of the storage capacitor is
increased by a combination of the first and second storage
capacitors. In addition, the capacitor common line 121 and
the capacitor electrode 119 overlap with the gate line 105
and the data line 117 so as not to occupy additional area,
thereby increasing an aperture ratio.

[0068] FIGS. 17 to 22 are cross sectional views of another
exemplary method of fabricating the array substrate of the
LCD shown in FIG. 16 according to the present invention.

[0069] In FIGS. 17A and 17B, a gate electrode 103 and a
gate line 105 may be provided on a substrate 101. The gate
electrode 103 and the gate line 105 may be formed by
depositing aluminum (Al) or copper (Cu) material, for
example, using a deposition technique such as a sputtering,
for example, and patterning the material.
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[0070] In FIG. 18, a gate insulating film 107, an active
layer 109 and an ohmic contact layer 111 may be provided
on the substrate 101. The gate insulating film 107 may be
formed by depositing an insulating material such as silicon
nitride (SiN,) or silicon oxide (SiO,), for example, onto the
substrate 101 using a plasma enhanced chemical vapor
deposition (PECVD) technique, for example, to cover the
gate electrode 103 and the gate line 105. The active layer
109 and the ohmic contact layer 111 may be formed by
sequentially depositing two semiconductor layers on the
gate insulating film 107 and patterning the deposited semi-
conductor layers. The active layer 109 may be formed from
amorphous silicon that is not doped with an impurity, for
example, and the ohmic contact layer 111 may be formed
from amorphous silicon doped with an n-type or p-type
impurity at a high concentration, for example.

[0071] In FIGS. 19A and 19B, a data line 117, source and
drain electrodes 113 and 115, and a capacitor electrode 119
may be provided on the substrate 101. The data line 117, the
source and drain electrodes 113 and 115, and the capacitor
electrode 119 may be formed by depositing a metal layer
using CVD or sputtering techniques, for example, and
patterning the metal layer. The data line 117, the source and
drain electrodes 113 and 115, and the capacitor electrode 119
may include chrome (Cr) or molybdenum (Mo) material, for
example. Next, a portion of the ohmic contact layer 111 at
an area corresponding to the gate electrode 103 may be
patterned to expose the active layer 109, thereby creating a
channel within an area of the active layer 109 corresponding
to the gate electrode 103 between the source and drain
electrodes 113 and 115.

[0072] In FIGS. 20A and 20B, an organic protective film
118 and a capacitor common line 121 may be sequentially
provided on the substrate 101. The organic protective film
118 may be formed by coating an insulating material on the
gate insulating layer 107 using a spin coating technique, for
example, to cover the source and drain electrodes 113 and
115. Accordingly, a surface of the organic protective film
118 may be flattened. The capacitor common line 121 may
be provided to overlap the gate line 105 and a portion of the
data line 117 by depositing a transparent conductive material
onto the organic protective film 118, for example, and
patterning the material. Accordingly, the capacitor common
line 121 may include a body 121C overlapping upper end
portions of the pixel electrode 125 and the gate line 105, and
two arms 121A and 121B connected to the body 121C and
overlapping opposing sides of the data line 121. The body
121C of the capacitor common line 121 may be set to have
a width larger than each of the arms 121A and 121B. In
particular, a hole 121D may be defined at a portion where a
contact hole is to be formed during post-processing in the
body 121C of the capacitor common line 121 overlapping
the storage capacitor 119.

[0073] The organic protective film 118 may be formed
from an organic insulating material having a small dielectric
constant such as Teflon7, benzocyclobutene (BCB), Cytop7
or perfluorocyclobutane (PFCB). Preferably, a dielectric
constant of the organic protective film 118 is between about
2 and about 4. In addition, a thickness of the organic
protective film 118 is preferably between about 1 um and
about 3 pum to sufficiently reduce a parasitic capacitance
formed at the overlapping portions between the capacitor
common line 121 and the gate line 105.

Jan. 25, 2007

[0074] In FIGS. 21A and 21B, an upper insulating layer
123, and first and second contact holes 120a and 1205 may
be provided in the organic protective film 118. The upper
insulating layer 123 may be formed by depositing an insu-
lating material on the organic protective film 118 using a
plasma enhanced chemical vapor deposition (PECVD) tech-
nique, for example, to cover the capacitor common line 121.
Subsequently, the upper insulating layer 123 and the organic
protective film 118 may be simultaneously patterned to form
the first and second contact holes 120a and 1205 to expose
the drain electrode 115, and the capacitor electrode 119,
respectively. The upper insulating layer 123 may include an
inorganic insulating material such as silicon nitride (SiN, ) or
silicon oxide (SiO,), for example.

[0075] In FIGS. 22A and 22B, a pixel electrode 125 may
be provided on the upper insulating layer 125. The pixel
electrode 125 may be formed by depositing a transparent
conductive material on the upper insulating layer 123, and
patterning the material, for example. The pixel electrode 125
may be electrically connected, via the first contact hole
1204, to the drain electrode 115, and may include. Moreover,
the pixel electrode 125 may electrically contact the capacitor
electrode 119 through the second contact hole 1205. The
pixel electrode 125 may include any one of ITO, IZO and
ITZO, for example.

[0076] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
array substrate of an liquid crystal display and fabricating
method thereof of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope
of the appended claims and their equivalents.

1-5. (canceled)

6. An array substrate of a liquid crystal display, compris-
ing:

a gate line;

data line crossing the gate line;

a thin film transistor including a gate electrode connected
to the gate line, a semiconductor layer having first and
second sides, a source electrode contacting the first side
of the semiconductor layer and connected to the data
line, and a drain electrode contacting the second side of
the semiconductor layer;

a gate insulating film provided between the gate line and
the data line;

a capacitor electrode provided on the gate insulating film
to overlap the gate line, the capacitor electrode includes
a plurality of sub-pixel units;

an organic protective film formed on the gate insulating
film;

a capacitor common line provided on the organic protec-
tive film to overlap the gate line;

an upper insulating layer provided on the organic protec-
tive film; and

a pixel electrode partially overlapping the capacitor com-
mon line and the data line, the pixel electrode con-
nected to the drain electrode and capacitor electrode via
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first and second contact holes, respectively, provided
through the upper insulating layer and the organic
protective film.

7. The array substrate according to claim 6, wherein the
capacitor common line includes an arm member partially
overlapping opposing side portions of the data line.

8. The array substrate according to claim 6, wherein the
organic protective film includes an organic insulating mate-
rial selected from one of an acrylic organic compound,
Teflon®, benzocyclobutene (BCB), Cytop®, and perfluoro-
cyclobutane (PFCB).

9. The array substrate according to claim 6, wherein a
thickness of the organic protective film is between about 1
um and about 3 um.

10. The array substrate according to claim 6, wherein the
upper insulating layer includes an inorganic insulating mate-
rial selected from one of silicon nitride (SiN,) and silicon
oxide (SiO,).

11-12. (canceled)

13. A method of fabricating an array substrate of a liquid
crystal display, comprising the steps of:

forming a gate line and a gate electrode connected to the
gate line on a substrate;

forming a gate insulating film on the substrate;

forming a semiconductor layer overlapping the gate insu-
lating film above the gate electrode;

forming a data line crossing the gate line, a source
electrode connected to the data line contacting a first
side of a semiconductor layer, a drain electrode con-
tacting a second side of the semiconductor layer, and a
capacitor electrode overlapping the gate line to form a
sub-pixel unit;

forming an organic protective film on the gate insulating
film, the source and drain electrodes, and the capacitor
electrode;

forming a capacitor common line overlapping the gate
line;

forming an upper insulating layer on the organic protec-
tive film;

forming first and second contact holes going through the
upper insulating layer and the organic protective film;
and
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forming a pixel electrode partially overlapping the capaci-
tor common line and the data line and connected to the
drain electrode via the first contact hole and to the
capacitor electrode via the second contact hole.

14. The method according to claim 13, further comprising
the step of forming an arm member extending from the
capacitor common line during the step of forming the
capacitor common line to partially overlap with opposing
side portions of the data line.

15-16. (canceled)

17. An array substrate of a liquid crystal display, com-
prising:

a gate line;

a data line crossing the gate line;

a gate insulating film between the gate line and the data
line;

a thin film transistor connected to the gate line and the
data line;

a pixel electrode connected to the thin film transistor, the
pixel electrode partially overlapping the data line, the
gate line, and the gate insulating film with an organic
protective film and an upper dielectric layer therebe-
tween;

a first storage capacitor including a capacitor electrode
connected to the pixel electrode via a contact hole
through the organic protective film and the upper
dielectric layer; and

a second storage capacitor including a capacitor common
line overlapping the gate line, and the pixel electrode
overlapping the capacitor common electrode, the first
storage capacitor being connected, in parallel, to the
second storage capacitor.

18. The array substrate according to claim 17, wherein the
capacitor common line includes an arm member partially
overlapping opposing side portions of the data line.

19. The array substrate according to claim 17, wherein the
first contact hole extends through the capacitor common
line.

20. The array substrate according to claim 19, wherein the
upper dielectric layer at least partially extends into the first
contact hole.
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