US 20060146256A1
ao) United States

12y Patent Application Publication (o) Pub. No.: US 2006/0146256 A1
Ahn (43) Pub. Date: Jul. 6, 2006

(54) LIQUID CRYSTAL DISPLAY DEVICE AND (52) U8, CL ccecnecrnscecneceiecscnsseione 349/141
FABRICATING METHOD THEREOF

(76) Inventor: Byung Chul Ahn, Ahnyang-si (KR)

(57) ABSTRACT
Correspondence Address:
Song K. Jung A fringe field switching thin film transistor substrate
MCKENNA LONG & ALDRIDGE LLP includes a gate electrode connected to the gate line, a source
1900 K Street, N.W. electrode connected to the data line, a drain electrode

Washington, DC 20006 (US) opposed to the pixel electrode and a semiconductor layer

defining a channel between the source electrode and the

(21) Appl. No.: 131,715 drain electrode. A common electrode extends from the

(22) Filed: Dec. 21, 2005 common line into the pixel area. A pixel electrode extends
from the drain electrode into the pixel area overlapping the
(30) Foreign Application Priority Data common electrode with the gate insulating film. The gate

line and the common line are formed from a first conductive
layer group having double conductive layers, and the com-
mon electrode is formed by an extension of the lowermost
layer of the common line. The data line, the source electrode

Dec. 31, 2004 (KR) ccovceorerceieccrcccccens 2004-118570

Publication Classification

(51) Int.CL and the drain electrode are formed of a second conductive
GO2F 171343 (2006.01) layer group having double conductive layers.
IV 128
IlI 124

L B
120 I

120@2% 73// ///// %/// i ,f =128
) N % ! [z 130
/.AZ////M V7777277772777 2772 v
— —- . - +"\

1188
104 ~|

— 118C 118
122 7 K4l |
112 — — 118A

102

L}

115 iie 777777
ST

7

t l’\

- y—
[ )
]
[ 1
|
[ '
|

[ | S ——
A
\ I

=

TFT
148~ -
V!
142 138
N 7R 132
140 s
' || 136
Vi —V]' = AV




Patent Application Publication Jul. 6,2006 Sheet 1 of 27 US 2006/0146256 Al

FIG.T

RELATED ART

10
p
2
6
8
24
4—T R M G T =B OCD
S
O O 50
> O 12~
-
-
e
f 14
20
o

18



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 2 of 27

N\ < A A 1+ 1A
@f\lzl_ Z|
mm?l\\ A v\
8¢ | RN rAd]
T\V" I 1
Efw
‘ m \ \\\\\ ~~~~~~
5 A=
2ol 1) - it
V8Ll — O nm
| (L
8Ll 8L TS| A - L] |
[
agtl —| |
i et |
4 AR A 207777777
0E 1 —~ »
T Qﬂtwm\ vOclL goel
9t Z \\\\\
o 0zt ¢ 9l
A Ty a
8k AT



US 2006/0146256 A1

Jul. 6,2006 Sheet 3 of 27

Patent Application Publication

Sl vel IA ¢l
A £ v A (ar CPHS (IA) AT
LOL €01 IOl €01 LOL €01
0sL—t ~
| ) L ) o5t ) )
251+ <\\vs\w.M\M.M.\M\M.\A\\ 777 251+
Ehl e 8El mm\v (97 1)0E | N
8Vl
e S S (P71)821L
cel (ori)vel
cOl vocl
X X A I
0S| LOL €01 LOL €01 ¢ol 0L €01
) )/ ) | /)
1 VA J
2G|~ YzzzrzzZr wzzErz by
\ / — pu— \
\\ ~ V8Ll g i
o8t b | | B R €Ll
a8t N@i
Gl SLL FLIL Ll FEE vOL
gLl
Sl OLlL



Patent Application Publication Jul. 6,2006 Sheet 4 of 27 US 2006/0146256 Al

o (@
- p]
AN N —
— — >
h
9
- w0
co>f*3
\_o/ —
LL ;
E'.v- “
(4V]
[+ 0]
™
1—\2
(o] —
m | O
™— T"\ (T'
m>°”
N O 1
=




US 2006/0146256 A1

Sheet 5 of 27

Jul. 6, 2006

Patent Application Publication

Al
4

Al

cOl

R,

T +-/
=
?
]
J
=~

e

/ A

v
I

0cl

VG Ol



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 6 of 27

GEIL vEL v1)9cl
A X ? A (A P (IA) AT
L L0t €01 0L €01 L LOL €01t
0GlL Y ) ) ) 0G1L | )
fx\\.\\\m\\\\\\\\\\\ 333 rNNNNNNNMNNH\
cOl vOc c0l
-E \>/ \>/ \>/ H
05—+ L0 €01 0L €01 el L0} €01
) 1) L L )
bz N o rrrrsssssss

g5 9ld



US 2006/0146256 A1

Jul. 6,2006 Sheet 7 of 27

Patent Application Publication

A

B LOL €01
0Gt ) )

10} €01
|/

- {

{

T OTTOITIIITIITIIIIITIIIIIIS A

LLLLL

Z LLLLL LI Ll

I

(IA) AL

(IA) AT

I 0L €01
0G5t ) )

\

]

VP77 77777 777777 P 777777777

\

051

—
—10—1 27 PO IIOOOIIITIIOIIIIIIIOIOITIOIIIIIIIIIIIIIIIIIINIIIIIIIrIIISA

LLLLLL L LI LLLLL LS

2L

\
€01

V9 Ol



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 8 of 27

I\ A (IA)AI (IA) AT

) vormor rormo_. ] rormor
0St1 ) ) | ) st )

M { { {
YL 2l LLLLLLLLZLLL LL2LLLLLLLLLLNN L L L L LTl PPl OOV TIITIIITIIIIGT IO

<m@_% \ <N@1M /

- = e e T e

£d Ld Id €d £d

€d Ld

L il

0§l —owv mw I
VIO TIITOIIITOIIIIT IO IOV TITIIIIIIIIIIIIITINA \\\\\\\\\\\\\\«\\\\\\\\\\ Ll
Veal \% / f / \ /
az91 Veal

€d ld €d Id d €d ld €d



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 9 of 27

GEl 129"

A X A A (IALA N (IA) AT
101 €01 L0l €01 101 €01
m — —
0G| ) ) oSt "
<%1ﬂ \ | vZ9l
1 N F X A I
o 559 NNN_ _onmw:

,\\\\.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\s

\ /

)
qz91 Veol

D90l



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 10 of 27

1%
A P ve! (AL VU
L Ol €01 LOL €01 1 0L €01
vzoL X w veor— ]

4]k vOcl cOl

—E \\// \>/ \>/ E
0S|~ L0l €01 LOLEOL ¢cl Ol €01
L) | )
TR i A / \

do ovld



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 11 of 27

Ge1l 14 174
A ot Vit A mar @R g
~L LOL €01 LOL EO1 L LOL €0L
05} ) ) ) 051 .
s P | e s “erzzzr Az
20l v0oclL c0lL
_”E” >/ \DN/ \>/ ”E”
oL~ LOL €01 101 €01 2zl 101 €01
| ) ) ) | )

\Y VA
zzzbzz vtz

49014




Patent Application Publication Jul. 6,2006 Sheet 12 of 27 US 2006/0146256 Al

126

IV' 128

7
v
v

120
N
120B 120A

)

FIG.7A



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 13 of 27

1% 1%
A = k! A (A OPH%E
L LOL €01 LOL €01 L LOL E0L
oSt ) ) ) ) 05t L )
2G|~ /NNNNNMNNNANNNNNNNNNNNNNNNWNNNNNM&I\.' va)ﬁ
o 9| | N
(P 1)821
cOl vOocl c0l
_H_H \\// \\// \\// “E”
0S|~ IOl €01 LOL EOL PAAS L0 €01
) !/ ) | )
1 7 J 1 i ]
Nm—‘J\ L LLZLL] CLLLLLL I L LIS
/ LM/ F—F F ¥ F ¥ ++M
pLL E—
wwi\
LI

d/

Ol



US 2006/0146256 A1

Jul. 6,2006 Sheet 14 of 27

Patent Application Publication

Gel Vel 1%
A X < A (@SR
LOL €01 LOL €01t LOL €01
0S1L —~—r -~
g ) ) | ) oSt L)
. ,<\ \\\«\\\ 777777 7\ P77 777777777777 \w\\ 7 rNNNNNNMNHk
251 / 2S |1t
COL—T+_ + + + + + \. + GOl 7+ A [+ |
//P+|r+|r.+.r4..r+|—.+|_.+|r |_..+|r+|r+|_.+|r+|..+xr+\r+lr\|\||| ”‘//F+F+F+F+F+P+F+\m
c0l vOcl cOlL
-E \>/ \>/ \>/ E
0S|~ LOL €01 0L €01 cel 0L €01
| ) L/ | |/
L “ezz£ N sy sy
2S1 YzzztrrT 27777
MO_.\/\ \ [+ + + + + + + + + + + + + \

0L

V8 'Dld




US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 15 of 27

A b " a o (mar RPN
0S| ~ 1OL €0L 101 €01 0S|~ Fowr mm:
NAI.-J _‘\1\ Nm —‘ —~ /\\ 4 \\\w\\\xs
SOl T+ GO
c0l vOc L c0l
_E \>/ >/ >/ HHH
051~ L0} €01 L0 €0k el L0 €01
! 1/ ) : N :
Nm _‘ — /NN%NNN\ 27T 7777777773
mO _‘ - \ + + + + + + o+ + + + o+ /
NO—‘)J.f + +  +  + +\¢ //./.. + + + + + o+ &\\&L.[&l
\ 7
g89+  v89l k /
~e—""
891
|
cd Ld cd



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 16 of 27

Gl
A A\
IOt €01

0S|I —r

1 N N\
Nm—.\l.\ KNENAE
mc—\\[\+.+.+.+.+.+

+ \ /.+ +

7\ \ 8y | \
d891

I c0l v0Ocl

_ >/ \>/

L 0L €01 IOLEOL
o5t L) )
2S1—+ SYzzzrzzT ZZZ77T
SOL~E
NO&)Wy/(v + + + + + 4 +:.¢

—




US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 17 of 27

Ggel Vel AR TAR
OS5I —r
¢Sl T
mo_.\l(+.+.+L+
7
L0l
cOl VOocl c0l
_E \>/ D/ \>/ E
0S|~ L0l €01 IOLEOL ¢cl 0L €01
L) ) L L )
¢Sl T “ZzzrzZE 222 >>4) s sy

mO L \ S+ + + + + + + + + + + o+ + o+ /
jf +_+ + + + + + + _+ [ Wt _* * * + + +\\
L0

dg Old



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 18 of 27

GEL veElL (e¢vi)oct

1 101 €01} 101 €01 L 101 €01
o5t 1 N \ . ~ \ 7 o5t T ~ \ 7
25|~ <\\\\\\\\\/\/\\\\\\ \\\\\\\\\\\\\\\\\\\\\/\\|\|| 2S 1L+ \I T4 \\\/\\'1\11
oy | act ~
(v 1)8cl
c0l Voclt ¢0lL
-E \>/ \>/ \>/ H
0S| - LOL €01 0L EOL ccl 0L €01
L ) ) I 1 M
251 rﬂNNNMNNNi Y22 Z7T Z 24 )

48 Old



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 19 of 27

Ge1

veL

(cv1)oct

1 LOL €01L 10L €01 L IOl €01
om—1 N \ ~ ~\ / Om—‘ \ ~ —\ /
251 rﬁﬁﬁ mm_.)\l/|<\\\\\\ A A\|\|
i ofs )
(vv1)8cl
cOl Aoy AR 20l
_E \>/ \>/ \>/ E
051~ LOL €01} LOLEOL ccl 0L €01
! ) L/ ) ) )
1 VA J
Nm_\lﬁ “ozztrzzor CZZZZZT T IS &
o /Vw/ + -+ + + + + + y
vil
L At
SLL

4870l



US 2006/0146256 A1

Patent Application Publication Jul. 6,2006 Sheet 20 of 27

pe

N 9v 1L 7777,

N+ \ At pasdon 1A
of\l\\b — 9:\\. Zi

R e R AL 7 S
YN\ s m“ \
AZH -8V | \
L1 \
7 VA\.\ e V- [WI|VE “
e v
201 = %.7 “ \
V8LL — [ ] | i~z \
| H_ 22 N
gL {— o8t —&d | A L L 1 2
I 7
_ i 7oL %
_ %
a8l — J UL UL N
K> : A E\\&\
o ] 7 %Y,/,qomr mwm_
et 5557~ .
g o YRR
8ZL AT I



Patent Application Publication Jul. 6,2006 Sheet 21 of 27 US 2006/0146256 Al

= 5 B
L{) Lr) b hd
T T
_ ) ) x
! 2 = { t—/
—
L _ O\ <t
NA — A\
O
-
e
N|_S
J] — NT— =
Ni_oN < \ ‘—>£
M T o DS N1
o0 ™M 4
— Q - N A
- N

Z

-~—

N
SN 8 \
1—\
il
\
© —
™ N2
N ‘—><r
N oo
\\O’ ~—
N ~—
N
QA
Al
b

o A (@)
<t w w —
I - — —
< ) ) =
(&N { { =
- - P
~O\ ol —~
\_8/ - = 1
p—
— (@] -
Al
—~ A
| O <
3~ 1—\>:
Z e~ || mn4L ©
0 N~ O Al
ol — —
Al |
—
= =
>




Patent Application Publication Jul. 6,2006 Sheet 22 of 27 US 2006/0146256 Al

o
3 g 2
—
™ -
O L) = >
- t \ = A
—
L O N ol
A (@]
MAg
O
—
—
. O
1.5 3 D8
T — (@] F—\ CO/ ™
NN N N O
NN_™ 4 —
Q) (@]
—
™ \
— \
< - \
—
) - \
F A
. -
- O
(Ij ® N[ — N =
— — N o™ ™
L N2
—
: Ly
> -]
N
::s: ~ &
s'\{ ~
-~
R
< >
KR ”':;;:” 1 —
R —1_ T ~—Nw @)
R (. P - 5
S
R ~=1T ™ ) B
N 1 - ~—
.5\. < ~— \ -
o~
S \ >
o N by —
= N L O\ ol
SHE N — >O
8 | o4 —
Y\_O
-~ o~~~ —_——
N < — [QV]
N <t | _ O <
N =~ — Do
o] M4 O
Al N~ O (Q\]
h ot bl h
P
—
= E
i



Patent Application Publication Jul. 6,2006 Sheet 23 of 27 US 2006/0146256 Al

— Q\ (@]
8 ~—0n WO
v T b
— ™ ) ) -
) E vy - { { g
T
T S L
(A
¥<
= &
~TO—\ QY] —
Ne
MNA ~—
(e2) O
(ol -~
—
D- 1
N —
:-'vo\
—
|l _ON < N\ ‘_>LD
— o §- C*)/ «
\_ A N \\—O
s o SN T
o ¥ o A N
— o8] N \
Q. N
i~ o S N
& W\
B - - N
A
3 RN [
ah 3 - \
& S \
O « R C \
V ™ RS \
. o R N
o S o | © NS
~ p——
O o 3 a|m N[ — N
— ™ N N ~ N o™ ™
L oy o R N1 —
g — N —
m N
) /\ > )
2| L Y o
Al — ™
Qo © o
o — < S
R P o
N \_/ Lo
B +/ ~— w -
'3: N ] ~— ) \>/
'S < ™ T >
N N >
s’\" N N by a +—
o~ N L_ O\
X || 4 NT—— NN
o “3 N ™ —
W —
D. §§ + -\\-O/
+ S4 Nl — = ~|
R N < oy
;%; H \\ N — > 1—>1—
— g,: D_ ~— S
a 38 @ oy ©
R Y —
2L — h h el
m
(aV]
™ ©
o . =
H O Z
=
—



Patent Application Publication Jul. 6,2006 Sheet 24 of 27 US 2006/0146256 Al

8 o o 3
o w0 — —
~— -— ) ) -
2 ) H \ \ :>
b ot
—vg\ [N
(@]
M4 —
N~ O
—
<—
—
. - :‘,_\,O
N — w0
L _ O\ N >(v)
(4]
N -8
\(T)/ N —
a] © \
Ql AN N
e 0] ~ \
N
N
N

&
/\
113

FIG.10C
B

122

v

)
114

\
1

/
-+~ 150

IV'(V1')

AN

(1
103 101 116

RBREIR

29,

Z
%

120457
PSOELRS
3

110

(|
103 101
%
126(142)

TRAZRR

IV(VI)



Patent Application Publication Jul. 6,2006 Sheet 25 of 27 US 2006/0146256 Al

QA (@]
(L}J) 8 n o
T h AN AN
- ) *
b B >
< o
RS =
— & - ';:\‘
o N
M A s’\‘
N O W
= B
<
AJ
[oole NG ]
— ,‘
N —
B N
q| = Q”*C—) 0
:\"S >g :~\_8/> ™
NN o SN =
m 7 o \\
V) - 3 N
ee] - N
- N
N
o N
—
O © =
o™
- — \Z
-
r h
. ~
© N | o
('5 ™ N[~ N <
—— — :~ (\r)>(")
N +
LL N[ =
ol a8} N
W =\ 7]
— ol Q0N
— & —
—
q- >
L — o
—— —
] 0 B~
J\\w/ — - —
™ , E
N 3 ond
\| = =
t_\,O\ faV]
‘—>O
1 4 H DT~
- O
SHE Nl T = — .
o R N <t L _O <
2 Si4 = Nz
RS 0 M4 O
« o o
o — — A
-
~— - E



US 2006/0146256 A1

Jul. 6,2006 Sheet 26 of 27

Patent Application Publication

Gel veEl cv1)ocl
_.\/. \>/ \>/ .\/. A_H.D.v_.D.H A \v/@z AH.PV.D.H
cSl T
ELE N
N/  Vesi S (9 1)oE (vr1)8z!
8t | 8C 1
vO1L
cOl vOoclL 0l
_HH_” \>/ \>/ \>/ .I—_H
L LOL €01 0L €01 ccl LOL €01
0S|
. ) ) N )
2227 ZT rSﬂVVVVVVdVM&
Nm—\)\ (NNNNWNNNN.\
\ /
Y \ﬁg ) . m
eli LIl s | € rﬁ
WA [ cLL LHE ELL 1LY vot
9Ll
oL N - Vesli
clkl oLl

101914



Patent Application Publication Jul. 6,2006 Sheet 27 of 27 US 2006/0146256 Al

a o S 3
L{) LO T Ao
T T ) ) -
S R Tt
™
- ~
L O\ <t A
— g o —
— -
O -
—
—
- © o,
—
o\ < = \L - > o
o | MBS 2]
2 | Ihars 2
1—\{'\ ~—
o SN\ 8
O [ 1_\03
eo] o -
1_- — - ]
— — (o] —
O h: NIt
— — <t
—_ oo>°°
e O 1
LL [ st
QN
Al
ht
o N O
< n 1w —
A — ~— —
= =
N\ L1 2
- - >
~O\ o —
— o [<e]
N Mg ~— &
l O Z
™ N — o N
— é‘s N ?(‘O 5\ g
o T §§ + < 7 - >:
: — E:‘ r o~ (oW N e)
R A — Al
—
=
o ol
2 - P



US 2006/0146256 A1l

LIQUID CRYSTAL DISPLAY DEVICE AND
FABRICATING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. P2004-118570 filed in Korea on Dec.
31, 2004, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display
device of fringe field switching type, and more particularly
to a thin film transistor substrate of fringe field switching
type and a fabricating method thereof that are adaptive for
simplifying a process.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display device controls
light transmittance of a liquid crystal having a dielectric
anisotropy using an electric field to thereby display a picture.
To this end, a liquid crystal display device includes a liquid
crystal display panel for displaying a picture by a liquid
crystal cell matrix, and a driving circuit for driving the liquid
crystal display panel.

[0006] Referring to FIG. 1, a related art liquid crystal
display panel is comprised of a color filter substrate 10 and
a thin film transistor substrate 20 that are joined to each other
with a liquid crystal 24 therebetween.

[0007] The color filter substrate 10 includes a black matrix
4, a color filter 6 and a common electrode 8 that are
sequentially provided on an upper glass substrate 2. The
black matrix 4 is provided in a matrix type on the upper glass
substrate 2. The black matrix 4 divides an area of the upper
glass substrate 2 into a plurality of cell areas to be provided
with the color filter 6, and prevents a light interference
between adjacent cells and an external light reflection. The
color filter 6 is provided at the cell area divided by the black
matrix 4 in such a manner to be divided into red (R), green
(G) and blue (B) ones, thereby transmitting red, green and
blue lights. The common electrode 8 is formed of a trans-
parent conductive layer entirely formed onto the color filter
6, and supplies a common voltage Vcom that serves as a
reference voltage upon driving of the liquid crystal 24.
Further, an over-coat layer (not illustrated) for smoothing the
color filter 6 may be provided between the color filter 6 and
the common electrode 8.

[0008] The thin film transistor substrate 20 includes a thin
film transistor 18 and a pixel electrode 22 provided for each
cell area defined by an crossing between a gate line 14 and
a data line 16 on a lower glass substrate 12. The thin film
transistor 18 applies a data signal from the data line 16 to the
pixel electrode 22 in response to a gate signal from the gate
line 14. The pixel electrode 22 formed of a transparent
conductive layer supplies a data signal from the thin film
transistor 18 to drive the liquid crystal 24.

[0009] The liquid crystal 24 having a dielectric anisotropy
is rotated in accordance with an electric field formed by a
data signal from the pixel electrode 22 and a common
voltage Vcom from the common electrode 8 to control light
transmittance, thereby implementing a gray scale level.

[0010] Further, a liquid crystal display panel includes a
spacer (not illustrated) for uniformly maintaining a cell gap
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between the color filter substrate 10 and the thin film
transistor substrate 20. The spacer employs a ball spacer or
a column spacer.

[0011] In such the liquid crystal display panel, the color
filter substrate 10 and the thin film transistor substrate 20 are
formed by a plurality of mask processes. Herein, one mask
process includes a lot of processes such as thin film depo-
sition (coating), cleaning, photolithography (hereinafter,
photo process), etching, photo-resist stripping and inspec-
tion processes, etc. Particularly, since the thin film transistor
substrate includes the semiconductor process and requires
the plurality of mask processes, it has a complicate fabri-
cating process to act as a major factor in the manufacturing
cost rise of the liquid crystal display panel.

[0012] Meanwhile, the liquid crystal display panel is
largely classified into a vertical electric field applying type
and a horizontal electric field applying type depending upon
with a direction of the electric field driving the liquid crystal.

[0013] The liquid crystal display panel of vertical electric
field applying type drives a liquid crystal in a twisted
nematic (TN) mode with a vertical electric field formed
between a pixel electrode and a common electrode arranged
in opposition to each other on the upper and lower substrate.
The liquid crystal display panel of vertical electric field
applying type has an advantage of a large aperture ratio
while having a drawback of a narrow viewing angle about
90°.

[0014] The liquid crystal display panel of horizontal elec-
tric field applying type drives a liquid crystal in an in plane
switching (IPS) mode with a horizontal electric field
between the pixel electrode and the common electrode
arranged in parallel to each other on the lower substrate. The
liquid crystal display panel of horizontal electric field apply-
ing type has an advantage of a wide viewing angle about
160°, but has a disadvantage of low aperture ratio and
transmittance.

[0015] Recently, in order to overcome the disadvantage of
the liquid crystal display panel of horizontal electric field
applying type, there has been suggested a liquid crystal
display panel of fringe field switching (FFS) type operated
by a fringe field. The FFS-type liquid crystal display panel
includes a common electrode and a pixel electrode having an
insulating film therebetween at each pixel area, and is
provided such that a distance between the common electrode
and pixel electrodes is narrower than a distance between the
upper substrate and the lower substrates, to thereby provide
a fringe field. Further, the fringe field allows all of liquid
crystal molecules filled between the upper and lower sub-
strates to be operated at each pixel area to thereby improve
an aperture ratio and a transmittance.

[0016] However, since the thin film transistor substrate
included in the FFS-type liquid crystal display panel also
requires a plurality of mask processes including a semicon-
ductor process, it has a problem of a complicate fabricating
process.

SUMMARY OF THE INVENTION

[0017] Accordingly, it is an object of the present invention
to provide a thin film transistor substrate of fringe field
switching type and a fabricating method thereof that are
adaptive for simplifying a process.
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[0018] In order to achieve these and other advantages of
the invention, a liquid crystal display device according to
one aspect of the present invention includes a gate line on a
substrate; a data line crossing the gate line with a gate
insulating film to define a pixel area; a thin film transistor
including a gate electrode connected to the gate line, a
source electrode connected to the data line, a drain electrode
opposed to the pixel electrode and a semiconductor layer for
defining a channel between the source electrode and the
drain electrode; a common line provided in parallel to the
gate line on the substrate; a common electrode extended
from the common line and formed in the pixel area; and a
pixel electrode extended from the drain electrode into the
pixel area in a such manner as to overlap the common
electrode with the gate insulating film, wherein the gate line
and the common line are formed of a first conductive layer
group having at least double conductive layers, the common
electrode is formed by an extension of the lowermost layer
of the common line, and wherein the data line, the source
electrode, the drain electrode are formed of a second con-
ductive layer group having at least double conductive layers,
and the pixel electrode is formed by an extension of the
lowermost layer of the drain electrode.

[0019] In the liquid crystal display device, a storage
capacitor is provided by an overlapping of the drain elec-
trode with the common electrode.

[0020] In the liquid crystal display device, the common
electrode has a plate shape, and the pixel electrode has a rib
shape.

[0021] The liquid crystal display device further includes a
gate pad connected to the gate line, a data pad to be
connected to the data line and a common pad connected to
the common line, wherein each of the gate pad, the data pad
and the common pad includes a lower pad electrode formed
of the first conductive layer group; a contact hole passing
through the gate insulating film to expose the lower pad
electrode and an upper pad electrode connected, via the
contact hole, to the lower pad electrode and formed of the
lowermost layer of the second conductive layer group.

[0022] The liquid crystal display device further includes a
data link provided such that the first conductive layer group
is extended from a lower electrode of the data pad to have
a portion thereof overlapped with the data line; and a second
contact hole passing through the gate insulating film to
connect the data line to the data link.

[0023] In the liquid crystal display device, the second
contact hole is formed in an area to be sealed by the sealant.

[0024] The liquid crystal display device further includes
an alignment film on the data line, the source electrode, the
drain electrode and the pixel electrode.

[0025] In the liquid crystal display device, the second
contact hole is formed under the alignment film.

[0026] In the liquid crystal display device, the semicon-
ductor pattern is formed at a position to be provided with the
thin film transistor.

[0027] Inthe liquid crystal display device, each of the first
and second conductive layer includes a lowermost layers
thereof having a transparent conductive layer and an upper
layer having at least one of a single layer formed of a metal
material such as Mo, Ti, Cu, AINd, Al, Cr, a Mo-alloy, a
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Cu-alloy or an Al-alloy, a double layer and a triple layer
formed of Al/Cr, Al/Mo, Al(Nd)/Al, AI(Nd)/Cr, Mo/Al(Nd)/
Mo, Cw/Mo, Ti/AI(Nd)/Ti, Mo/Al, Mo/Ti/Al(Nd), Cu-alloy/
Mo, Cu-alloy/Al, Cu-alloy/Mo-alloy, Cu-alloy/Al-alloy,
Al/Mo-alloy, Mo-alloy/Al, Al-alloy/Mo-alloy, Mo-alloy/Al-
alloy, and Mo/Al-alloy.

[0028] In the liquid crystal display device, the first con-
ductive group has step coverage having a stepwise shape.

[0029] In the liquid crystal display device, the second
conductive group has step coverage having a stepwise
shape.

[0030] A method of fabricating a liquid crystal display
device according to still another aspect of the present
invention includes a first mask process forming a first mask
pattern group including a gate line have a first conductive
layer group having at least double conductive layers, a gate
electrode connected to the gate line, a common line parallel
to the gate line, a common electrode formed by an extension
of the lowermost layer of the common line having a single
layer structure on a substrate; a second mask process form-
ing a gate insulating film on the first mask pattern group and
a semiconductor pattern on the gate insulating film; and a
third mask process forming a third mask pattern group
including a data line, a source electrode connected to the
data line and a drain electrode opposed to the source
electrode having a second conductive layer group structure
of at least double conductive layers, and a pixel electrode
formed by an extension of overlapping the common elec-
trode with the lowermost layer of the drain electrode having
a single layer structure, on the gate insulating film provided
with the semiconductor pattern at an area to be sealed by the
sealant.

[0031] The method further includes forming an alignment
film on the third mask pattern group.

[0032] In the method, the first mask process includes
forming a lower pad electrode to be connected to at least one
of the gate line, the data line and the common line from the
first conductive layer group, the second mask process
includes forming a contact hole passing through the gate
insulating film to expose the lower pad electrode, and the
third mask process includes forming an upper pad electrode
to be connected, via said contact hole, to the lower pad
electrode from the lowermost layer of the second conductive
layer group.

[0033] In the method, the first mask process includes
forming a data link provided such that the first conductive
layer group is extended from the lower pad electrode to be
overlapped with the data line, and the second mask process
includes forming a second contact hole for connecting the
data link with the data line.

[0034] In the method, the first mask process includes
forming the first conductive layer group on the substrate;
forming a different thickness of the first and second photo-
resist patterns by a photolithography using one of a half tone
mask and a diffractive exposure mask; forming the first mask
pattern group including the common electrode having the
second conductive layer group structure by an etching
process using the first and second photo-resist patterns;
removing the second photo-resist pattern and etching the
exposed common electrode to remain the lowermost layers
thereof; and removing the first photo-resist pattern.
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[0035] In the method, the second mask process includes
forming a gate insulating film, an amorphous silicon layer
and an amorphous silicon layer doped with an impurity on
the first mask pattern group; forming a different thickness of
the first and second photo-resist patterns by a photolithog-
raphy using one of a half tone mask and a diffractive
exposure mask; and forming the contact holes by an etching
process using the first and second photo-resist patterns;
removing the second photo-resist pattern and forming the
semiconductor pattern by an etching process using the first
photo-resist pattern, and removing the first photo-resist
pattern.

[0036] In the method, the third mask process includes
forming the second conductive layer group on the gate
insulating film provided with the semiconductor pattern;
forming a different thickness of the first and second photo-
resist patterns using one of a half tone mask and a diffractive
exposure mask; forming a third mask pattern group having
the upper pad electrode by patterning the second conductive
layer group by an etching process using the first and second
photo-resist patterns; removing an amorphous silicon layer
doped with an impurity exposed between the source elec-
trode and the drain electrode; and removing the second
photo-resist pattern and etching the exposed upper pad
electrode to remain only the lowermost layers thereof; and
removing the first photo-resist pattern.

[0037] In the method, each of the first and second con-
ductive layers includes a lowermost layer having a trans-
parent conductive layer and an upper layer having at least
one of a single layer formed of a metal material such as Mo,
Ti, Cu, AINd, Al, Cr, a Mo-alloy, a Cu-alloy or an Al-alloy,
a double layer and a triple layer formed of Al/Cr, Al/Mo,
AI(Nd)/Al, AI(Nd)/Cr, Mo/Al(Nd)/Mo, Cu/Mo, Ti/AI(Nd)/
Ti, Mo/Al, Mo/Ti/AI(Nd), Cu-alloy/Mo, Cu-alloy/Al, Cu-
alloy/Mo-alloy, Cu-alloy/Al-alloy, Al/Mo-alloy, Mo-alloy/
Al, Al-alloy/Mo-alloy, Mo-alloy/Al-alloy, and Mo/Al-alloy.

[0038] The method further includes if the lowermost layer
of the second conductive layer group is over-etched in
comparison to the upper layer thereof when the second
conductive group is patterned, then etching each side of the
upper layer exposed through the second photo-resist pattern
to locate the edge of the upper layer at an inner side than that
of the lowermost layer.

[0039] In the method, at least two layers of the semicon-
ductor pattern, the source electrode, the drain electrode and
the pixel electrode have step coverage taking a stepwise
shape.

[0040] Inthe method, the second contact hole is formed in
an area to be sealed by the sealant.

[0041] In the method, the second contact hole is formed
under the alignment film.

[0042] In the method, the first conductive group has step
coverage having a stepwise shape.

[0043] In the method, the second conductive group has
step coverage having a stepwise shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] These and other advantages of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings.
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[0045] In the drawings:

[0046] FIG. 1 is a schematic perspective view illustrating
a structure of a related art liquid crystal display panel,

[0047] FIG. 2 is a plan view illustrating a structure of a
thin film transistor substrate of fringe field switching type
according to an embodiment of the present invention;

[0048] FIG. 3 is a sectional view of the thin film transistor
substrate of horizontal electric field applying type taken
along the III-1IT", TV-IV', V-V" and VI-VT' lines in FIG. 2;

[0049] FIG. 4 is a sectional view illustrating a data pad
area of a liquid crystal display panel employing the thin film
transistor substrate of horizontal electric field applying type
illustrated in FIG. 3;

[0050] FIG. 5a and FIG. 5b are a plan view and a
sectional view for explaining a first mask process in a
method of fabricating the thin film transistor substrate of
fringe field switching type according to the embodiment of
the present invention, respectively;

[0051] FIG. 6a to FIG. 6¢ are sectional views for spe-
cifically explaining the first mask process;

[0052] FIG. 7a and FIG. 7b are a plan view and a
sectional view for explaining a second mask process in a
method of fabricating the thin film transistor substrate of
fringe field switching type according to the embodiment of
the present invention, respectively;

[0053] FIG. 8a to FIG. 5f are sectional views for specifi-
cally explaining the second mask process;

[0054] FIG. 9g and FIG. 95 are a plan view and a
sectional view for explaining a third mask process in a
method of fabricating the thin film transistor substrate of
fringe field switching type according to the embodiment of
the present invention, respectively; and

[0055] FIG. 10a to FIG. 10f are sectional views for
specifically explaining the third mask process.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

[0056] Hereinafter, the illustrated embodiments of the
present invention will be described in detail with reference
to FIG. 3 to FIG. 10f.

[0057] FIG. 2 is a plan view illustrating a structure of a
thin film transistor substrate of fringe field switching (FFS)
type according to an embodiment of the present invention,
and FIG. 3 is a sectional view of the thin film transistor
substrate taken along the III-ITI', TV-IV', V-V' and VI-VT'
lines in FIG. 2.

[0058] Referring to FIG. 2 and FIG. 3, the FFS-type thin
film transistor substrate includes a gate line 102 and a data
line 104 provided on a lower substrate 142 crossing each
other with a gate insulating film 144 therebetween, a thin
film transistor 106 connected to each crossing, a pixel
electrode 118 provided at a pixel area defined by the crossing
structure to be connected to the thin film transistor 106, a
common electrode 122 provided, along with the pixel elec-
trode 118, at the pixel area to form a fringe field, and a
common line connected to the common electrode 122.
Further, the FFS-type thin film transistor substrate includes
a gate pad 126 connected to the gate line 102, a data pad 134



US 2006/0146256 A1l

connected to the data line 104, and a common pad 140
connected to the common line 120.

[0059] The gate line 102 supplies a scanning signal from
a gate driver (not illustrated) while the data line 104 supplies
a video signal from a data driver (not illustrated). The gate
line 102 and the data line 104 cross each other with the gate
insulating film 152 therebetween to define the pixel area.

[0060] The gate line 102 is formed on the substrate 150 in
a multiple-layer structure having at least double gate metal
layers. For instance, as illustrated FIG. 3, the gate line 102
has a double-layer structure in which a first conductive layer
101 employing a transparent conductive layer and a second
conductive layer 103 formed of an opaque metal are built.
The data line 104 is formed on the gate insulating film 152
in a multiple-layer structure having at least double gate
metal layers. For instance, as illustrated FIG. 3, the gate line
102 has a double-layer structure in which a third conductive
layer 111 employing a transparent conductive layer and a
fourth conductive layer 113 formed of an opaque metal are
built. In this case. the first and third conductive layers 101
and 111 are formed of ITO, TO, IZO or ITZO, etc. while the
second and fourth conductive layers 103 and 113 are formed
of Cu, Mo, Al, a Cu-alloy, a Mo-alloy and a Al-alloy etc.

[0061] The thin film transistor TFT allows a video signal
applied to the data line 104 to be charged into the pixel
electrode 118 and be kept in response to a scanning signal
applied to the gate line 102. The thin film transistor TET
includes a gate electrode included in the gate line 102, a
source electrode 110 connected to the data line 104, a drain
electrode 112 positioned in opposition to the source elec-
trode 110 to be connected to the pixel electrode 118, an
active layer 114 overlapping with the gate line 102 with the
gate insulating film 152 therebetween to provide a channel
between the source electrode 110 and the drain electrode
112, and an ohmic contact layer 116 formed on the active
layer 114 other than the channel portion to make an ohmic
contact with the source electrode 110 and the drain electrode
112. Herein, the source electrode 110 and the drain electrode
112, along with the above-mentioned data line 104, have a
double-layer structure in which the third conductive layer
and fourth conductive layers 111 and 113 are built on the
gate insulating film 152 provided with a semiconductor
pattern 115.

[0062] The common line 120 and the common electrode
122 supply a reference voltage for driving the liquid crystal,
that is, a common voltage to each pixel.

[0063] Thecommon line 120 includes an internal common
line 120A provided in parallel to the gate line 102 at a
display area, and an external common line 120B commonly
connected to the internal common line 120A at an non-
display area. The common line 120 is formed in a layer built
structure of the first and second conductive layers 101 and
103 like the gate line 102.

[0064] The plate-shaped common electrode 122 is pro-
vided within the pixel area to be connected to the internal
common line 120A. More specifically, the common elec-
trode 122 is extended from the first conductive layer 101 of
the internal common line 120A into each pixel area and
formed into a plate shape. In other words, the common
electrode 122 is formed of a transparent conductive layer
being integral to the first conductive layer 101 of the
common line 120.
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[0065] The rib-shaped pixel electrode 118 is extended
from the drain electrode 112 of the TFT and overlaps with
the common electrode 122, with the gate insulating film 144,
and a protective film 154 therebetween at each pixel area to
form a fringe field. More specifically, the pixel electrode 118
is formed of the third conductive layer 111 extended from
the drain electrode 112, that is, a transparent conductive
layer. Further, the pixel electrode 118 includes a first hori-
zontal rib 118 A provided in parallel to the gate line 102, a
second horizontal rib 118B provided in parallel to the
common line 120A, and a plurality of vertical ribs 118C
connected between the first and second horizontal ribs 118A
and 118B. The pixel electrode 118 is connected to the drain
electrode 112 exposed through a first contact hole 108. If a
video signal is applied via the thin film transistor TFT to the
rib-shaped pixel electrode 118, then the rib-shaped pixel
electrode 118 forms a fringe field along with the plate-
shaped common electrode 122 supplied with the common
voltage. Thus, liquid crystal molecules arranged in the
horizontal direction between the thin film transistor array
substrate and the color filter array substrate by such a fringe
field are rotated due to a dielectric anisotropy. Transmittance
of a light transmitting the pixel area is differentiated depend-
ing upon a rotation extent of the liquid crystal molecules,
thereby implementing a gray level scale.

[0066] Further, the overlapping portion between the com-
mon electrode 122 and the pixel electrode 118 is provided
with a storage capacitor for stably keeping a video signal
applied to the pixel electrode 118.

[0067] The gate line 102 is connected, via the gate pad
124, to the gate driver (not illustrated). The gate pad 124
consists of a lower gate pad electrode 126 extended from the
gate line 102, and an upper gate pad electrode 130 con-
nected, via a first contact hole 128 passing through the gate
insulating film 152, to the lower gate pad electrode 126.

[0068] The data line 104 is connected, via the data pad
132, to a data driver (not illustrated). The data pad 132
consists of a lower data pad electrode 134 connected to a
data link 135, and an upper data pad electrode 138 con-
nected, via a second contact hole 136 passing through the
gate insulating film 152, to the lower data pad electrode 134.

[0069] The common line 120 receives a reference voltage
from a common voltage source (not illustrated) via the
common pad 140. The common pad 140 includes a lower
common pad electrode 142 extended from the external
common line 120B, and an upper common pad electrode 146
provided within a third contact hole 144 passing through the
gate insulating film 152 to be connected to the lower
common pad electrode 142.

[0070] In such a thin film transistor substrate according to
the embodiment of the present invention, the data pad 132
has the same structure as the gate pad 124 and the common
pad 140. More specifically, the lower gate pad electrode 126,
the lower common pad electrode 142, the lower data pad
electrode 134 and the data link 135 are formed on the
substrate 150 in a double-layer structure in which the first
conductive layer and second conductive layers 101 and 103
are built like the gate line 102. Also, the upper gate pad
electrode 130, the upper common pad electrode 146, the
upper data pad electrode 138 and the data line 104 are
formed on the gate insulating film 152, and are formed of the
third conductive layer 111 in which the fourth conductive
layer 113 is removed, that is, a transparent conductive layer.
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[0071] Accordingly, the data link 135 formed on the
substrate 150 is connected, via a fourth contact hole 148
passing through the gate insulating film, to the data line 104.
In this case, the data line 104 is exposed due to an absence
of the protective film. In order to prevent the data line 104
from being exposed to the exterior thereof and oxidized, as
illustrated FIG. 6, the fourth contact hole 148 is positioned
within an area sealed by a sealant 200. Thus, the data line
104 positioned at the sealed area is protected by a lower
alignment film 214 to be formed thereon.

[0072] Referring to FIG. 4, the thin film transistor sub-
strate formed with a lower alignment film 214 and the color
filter substrate 210 formed with an upper alignment film 212
are joined to each other by the sealant 200, and a cell gap
between two substrates sealed by the sealant 200 is formed
with a liquid crystal. The upper and lower alignment films
212 and 214 are formed with an organic insulating material
at each picture display area of the two substrates. The sealant
200 is formed with being spaced in such a manner to be not
in contact with the upper and lower alignment films 212 and
214 for the purpose of reinforcing an adhesive force. Thus,
the data line 104, the source electrode 110, the drain elec-
trode 112, the pixel electrode 118 provided at the thin film
transistor substrate are positioned at an area sealed by the
sealant 200, so that it may be sufficiently protected by the
lower alignment film 214 formed thereon as well as by the
liquid crystal formed in the sealed area.

[0073] The FFS-type thin film transistor substrate accord-
ing to the first embodiment of the present invention having
the above-mentioned structure is formed by the following
three-round mask process.

[0074] FIG. 5a and FIG. 5b are a plan view and a
sectional view for explaining a first mask process, respec-
tively, in a method of fabricating the thin film transistor
substrate of fringe field switching type according to the
embodiment of the present invention, and FIG. 6a to FIG.
6e are sectional views for specifically explaining the first
mask process.

[0075] A first mask pattern group including the gate line
102, the lower gate pad electrode 126, the common line 120,
the plate-shaped common electrode 122, the lower common
pad electrode 142, the data link 135 and the lower data pad
electrode 134 is formed on the lower substrate 150 by the
first mask process. Herein, the first mask pattern group other
than the common electrode 122 has a multiple-layer struc-
ture having at least two conductive layers. But, for expla-
nation convenience sake, there will be described only a
double-layer structure having the first and second conduc-
tive layers 101 and 103 built. The plate-shaped common
electrode 122 has a single-layer structure of the first con-
ductive layer 101 that is a transparent conductive layer. The
first mask pattern group having such multiple-layer structure
and single-layer structure is formed by a single of mask
process using a partial transmitting mask such as a diffrac-
tive exposure mask or a half tone mask, etc. Hereinafter, a
case where the half tone mask is used as a first mask will be
described.

[0076] Referring to FIG. 6a, the first and second conduc-
tive layers 101 and 103 are disposed on the lower substrate
150 by a deposition technique such as the sputtering, etc.
The first conductive layer 101 is formed of a transparent
conductive material such as ITO, TO, 170 or ITZO, etc. On
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the other hand, the second conductive layer 103 employs a
single layer formed of a metal material such as Mo, Ti, Cu,
AINd, Al, Cr, a Mo-alloy, a Cu-alloy or an Al-alloy, etc., or
takes a layer built structure of at least double layers such as
Al/Cr, Al/Mo, AINd)/Al, AINd)/Cr, Mo/Al(Nd)/Mo,
Cu/Mo, TI/AI(Nd)/Ti, Mo/Al, Mo/Ti/Al(Nd), Cu-alloy/Mo,
Cu-alloy/Mo-alloy, Cu-alloy/Al-alloy, Al/Mo-alloy, Mo-al-
loy/Al, Al-alloy/Mo-alloy, Mo-alloy/Al-alloy, Mo/Al-alloy,
etc.

[0077] Referring to FIG. 6b, a second photo-resist pattern
162 having step coverage is formed by the photolithography
using a half tone mask. The half tone mask is comprised of
a shielding part for shielding an ultraviolet ray, a half-tone
transmitting part for partially transmitting the ultraviolet ray
using a phase-shifting material, and a full transmitting part
for fully transmitting the ultraviolet ray. The second photo-
resist pattern 162 including a different thickness of first
photo-resist patterns 162A and 162B and an aperture part is
formed by the photolithography using a half tone mask. In
this case, the relatively thick first photo-resist pattern 162A
is provided at a shielding area P1 of the first photo-resist
overlapping with the shielding part of the half tone mask; the
first photo-resist pattern 162B thinner than the first photo-
resist pattern 162A is provided at a half tone exposure area
P2 overlapping with the half-tone transmitting part; and the
aperture part is provided at an full exposure area P3 over-
lapping with the full transmitting part.

[0078] Further, the exposed portions of the first and sec-
ond conductive layers 101 and 103 are etched by an etching
process using the first photo-resist pattern 162 as a mask,
thereby providing the first mask pattern group including a
double-layer structure of the gate line 102, the lower gate
pad electrode 126, the common line 120, the common
electrode 122 and the lower common pad electrode 142, the
data link 135 and the lower data pad electrode 136.

[0079] Referring to FIG. 6d, a thickness of the first
photo-resist pattern 162A is thinned while the first photo-
resist pattern 162B is removed by the ashing process using
an oxygen (O,) plasma. Further, the second conductive layer
103 on the common electrode 122 is removed by the etching
process using the ashed first photo-resist pattern 162A as a
mask. In this case, each side of the patterned second con-
ductive layer 103 is again etched along the ashed first
photo-resist pattern 162A, thereby allowing the first and
second conductive layers 101 and 103 of the first mask
pattern group to has a constant step coverage in a stepwise
shape. Accordingly, when the side surfaces of the first and
second conductive layers 101 and 103 have a high steep
inclination, it becomes possible to prevent poor step cover-
age of the gate insulating film 152 that may be generated
thereon.

[0080] Referring to FIG. 6e, the first photo-resist pattern
162A left on the first mask pattern group in FIG. 6d is
removed by the stripping process.

[0081] FIG. 7a and FIG. 7b are a plan view and a
sectional view for explaining a second mask process in a
method of fabricating the FFS-type thin film transistor
substrate according to the embodiment of the present inven-
tion, respectively, and FIG. 8a to FIG. 8f are section views
for specifically explaining the second mask process.

[0082] The gate insulating film 152 including the first to
fourth contact holes 128, 136, 144 and 148 and the semi-
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conductor pattern 115 are formed on the lower substrate 150
provided with the first mask pattern group by the second
mask process. The semiconductor pattern 115, and the
contact holes 128, 136, 144 and 148 of the gate insulating
film 152 are defined by a single of mask process employing
a diffractive exposure mask or a half tone mask. Hereinafter,
a case where the half tone mask is used as a second mask
will be described.

[0083] Referring to FIG. 8a, the gate insulating film 152,
an amorphous silicon layer 105 and an amorphous silicon
layer 107 doped with an n* or p* impurity are sequentially
disposed on the lower substrate 150 provided with the first
mask pattern group by a deposition technique such as the
PECVD, etc. Herein, the gate insulating film 152 is formed
of an inorganic insulating material such as silicon oxide
(810,) or silicon nitride (SiN,).

[0084] Referring to FIG. 85, a second photo-resist pattern
168 having step coverage is formed by the photolithography
using a half tone mask. The half tone mask is comprised of
a shielding part for shielding an ultraviolet ray, a half-tone
transmitting part for partially transmitting the ultraviolet ray
using a phase-shifting material, and a full transmitting part
for fully transmitting the ultraviolet ray. The second photo-
resist pattern 168 including a different thickness of second
photo-resist patterns 168A and 168B and an aperture part is
formed by the photolithography using a half tone mask. In
this case, the relatively thick second photo-resist pattern
168A is provided at a shielding area P1 of the second
photo-resist overlapping with the shielding part of the half
tone mask; the second photo-resist pattern 168B thinner than
the second photo-resist pattern 168A is provided at a half
tone exposure area P2 overlapping with the half-tone trans-
mitting part; and the aperture part is provided at an full
exposure area P3 overlapping with the full transmitting part.

[0085] Referring to FIG. 8¢, the first to fourth contact
holes 128, 136, 144 and 148 passing through the gate
insulating film 152 from the amorphous silicon layer 107
doped with an n* or p* impurity 107 are formed by the
etching process using the second photo-resist pattern 168 as
amask. The first contact hole 128 exposes the lower gate pad
electrode 126, the second contact hole 136 exposes the lower
data pad electrode 134, the third contact hole 144 exposes
the lower common pad electrode 142 and the fourth contact
hole 148 exposes the data link 135.

[0086] Referring to FIG. 84, a thickness of the second
photo-resist pattern 168 A is thinned while the second photo-
resist pattern 168B is removed by the ashing process using
oxygen (O,) plasma.

[0087] Referring to FIG. 8e, the amorphous silicon doped
with an n* or p* impurity 107 and the amorphous silicon
layer 105 are patterned by the etching process using the
ashed second photo-resist pattern 168A as a mask to thereby
provide the semiconductor pattern 115 including the active
layer 114 and the ohmic contact layer 116.

[0088] Referring to FIG. 8f; the second photo-resist pat-
tern 168A left on the semiconductor pattern 115 in FIG. 8¢
is removed by the stripping process.

[0089] FIG. 9a and FIG. 95 are a plan view and a
sectional view for explaining a third mask process in a
method of fabricating the thin film transistor substrate of
horizontal electric field applying type according to the
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embodiment of the present invention, respectively, and FIG.
10a to FIG. 10e are sectional views for specifically explain-
ing the third mask process.

[0090] A third mask pattern group including the data line
104, the source electrode 110, the drain electrode 112, the
rib-shaped pixel electrode 118, the upper gate pad electrode
130, the upper data pad electrode 138 and the upper common
pad electrode 146 is formed on the gate insulating film 152
provided with the semiconductor pattern 115 by the third
mask process. Herein, the third mask pattern group A
including the data line 104, the source electrode 110 and the
drain electrode 112 has a multiple-layer structure in which at
least two conductive layers are built. But, for explanation
convenience sake, there will be described only a double-
layer structure having the third and fourth conductive layers
111 and 113 built. The third mask pattern group B including
the pixel electrode 118, the upper gate pad electrode 130, the
upper data pad electrode 138 and the upper common pad
electrode 146 has a single-layer structure formed of the third
conductive layer 111 of the third mask pattern group A. The
third mask pattern group including the third mask pattern
group A having such a double-layer structure and the third
mask pattern group B having such a single-layer structure is
formed by the third mask process using a diffractive expo-
sure mask or a half tone mask. Hereinafter, a case where the
half tone mask is used as a third mask will be described.

[0091] Referring to FIG. 10a, the third and fourth con-
ductive layers 111 and 113 are sequentially formed on the
gate insulating film 152 provided with the semiconductor
pattern 115 by a deposition technique such as the sputtering,
etc. The third conductive layer 111 is formed of a transparent
conductive material such as ITO, TO, IZO or ITZO, etc. The
fourth conductive layer 113 employs a single layer formed
of a metal material such as Mo, Ti, Cu, AINd, Al, Cr, a
Mo-alloy, a Cu-alloy or an Al-alloy, etc., or takes a layer
built structure of at least double layers such as Al/Cr, Al/Mo,
AI(Nd)/Al, AI(Nd)/Cr, Mo/Al(Nd)/Mo, Cu/Mo, Ti/AI(Nd)/
Ti, Mo/Al, Mo/Ti/AI(Nd), Cu-alloy/Mo, Cu-alloy/Al, Cu-
alloy/Mo-alloy, Cu-alloy/Al-alloy, Al/Mo-alloy, Mo-alloy/
Al, Al-alloy/Mo-alloy, Mo-alloy/Al-alloy, Mo/Al-alloy, etc.

[0092] Referring to FIG. 105, a third photo-resist pattern
182 having step coverage is formed by the photolithography
using a half tone mask. The half tone mask is comprised of
a shielding part for shielding an ultraviolet ray, a half-tone
transmitting part for partially transmitting the ultraviolet ray
using a phase-shifting material, and a full transmitting part
for fully transmitting the ultraviolet ray. The third photo-
resist pattern 182 including a different thickness of third
photo-resist patterns 182A and 182B and an aperture part is
formed by the photolithography using a half tone mask. In
this case, the relatively thick third photo-resist pattern 182A
is provided at a shielding area P1 of the third photo-resist
overlapping with the shielding part of the half tone mask; the
third photo-resist pattern 182B thinner than the third photo-
resist pattern 182A is provided at a half tone exposure area
P2 overlapping with the half-tone transmitting part; and the
aperture part is provided at an full exposure area P3 over-
lapping with the full transmitting part.

[0093] Referring to FIG. 10c, the third and fourth con-
ductive layers 111 and 113 are patterned by the wet-etching
process using the third photo-resist pattern 182 as a mask to
thereby provide a double-layer structure of the data line 104,
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the source electrode 110, the drain electrode 112, the pixel
electrode 118, the upper gate pad electrode 130, the upper
data pad electrode 138 and the upper common pad electrode
146. The data line 104 is overlapped with the data link 135
and is connected, via the fourth contact hole 148, to the data
link 135. In this case, since the fourth conductive layer 113
is etched and then the third conductive layer 111 is etched by
a different etchant, the third conductive layer 111 positioned
at a lower portion than the upper fourth conductive layer 113
is over-etched to cause an under-cut area.

[0094] Referring to FIG. 104, the ohmic contact layer 116
between the source electrode 110 and the drain electrode 112
1s removed by the etching process using the source electrode
110 and the drain electrode 112 having the third photo-resist
pattern 182A as a mask, for example, the dry-etching
process, to thereby expose the active layer 114. Such a dry
etching allows the edge of the separated ohmic contact layer
116 to have more protruded shape than that of the third
conductive layer 111.

[0095] Referring to FIG. 10e¢, a thickness of the third
photo-resist pattern 182A is thinned while the third photo-
resist pattern 182B is removed by the ashing process. Such
a removal of the third photo-resist pattern 182B exposes the
fourth conductive layer 113 of the pixel electrode 118, the
upper gate pad electrode 130, the upper data pad electrode
138 and the upper common pad electrode 146. Further, the
edge of the ashed third photo-resist pattern 182A is posi-
tioned at the inner side of the edge of the patterned fourth
conductive layer 113.

[0096] Referring to FIG. 10f; the fourth conductive layers
113 of the pixel electrode 118, the upper gate pad electrode
130, the upper data pad electrode 138 and the upper common
pad electrode 146 are etched by the etching process using the
ashed third photo-resist pattern 182A as a mask to thereby
provide the pixel electrode 118, the upper gate pad electrode
130, the upper data pad electrode 138 and the upper common
pad electrode 146 that have a single-layer structure of the
third conductive layer 111. In this case, each side of the
fourth conductive layer 113 exposed through the edge of the
third photo-resist pattern 182A is again etched. Thus, the
third and fourth conductive layers 111 and 113 of the data
line 104, the source electrode 110 and the drain electrode
112 have a constant step coverage taking a stepwise shape.
Particularly, the third and fourth conductive layers 111 and
113 of the source electrode 110 and drain electrode 112
exposing the channel of the thin film transistor TFT, that is,
the active layer 114 and the ohmic contact layer 116 under
them have a step coverage taking a stepwise shape. Accord-
ingly, a channel width W and length L of the thin film
transistor TFT are determined by the third conductive layer
111 of the source electrode 110 and the drain electrode 112.
Further, the third photo-resist pattern 182A is removed by
the stripping process.

[0097] As a result, the thin film transistor substrate of
fringe field switching (FFS) type according to the embodi-
ment of the present invention has an exposed structure of the
data line 104, the source electrode 110 and the pixel elec-
trode 118 due to an absence of the protective film. However,
all of them are positioned at an area sealed by the sealant, so
that they can be sufficiently protected by the lower alignment
film formed thereon as well as by the liquid crystal formed
in the sealed area.
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[0098] As described above, in the thin film transistor
substrate of fringe field switching (FFS) type and a fabri-
cating method thereof according to the present invention, a
single-layer structure of common electrode is formed, along
with a multiple-layer structure of other first mask pattern
group, with the aid of the first half tone (or a diffractive
exposure) mask.

[0099] Furthermore, in the thin film transistor substrate of
fringe field switching (FFS) type and the fabricating method
thereof according to the present invention, the semiconduc-
tor pattern and the contact hole are formed with the aid of the
second half tone (or a diffractive exposure) mask.

[0100] Moreover, in the thin film transistor substrate of
fringe field switching (FFS) type and the fabricating method
thereof according to the present invention, a single-layer
structure of pixel electrode and upper pad electrodes are
formed, along with a multiple-layer structure of other third
mask pattern group, with the aid of the third half tone (or a
diffractive exposure) mask without the protective film.

[0101] Accordingly, the entire process can be simplified
by the three-round mask process, so that it becomes possible
to reduce the material cost and the equipment investment
cost, as well as to improve the productivity.

[0102] Furthermore, according to the present invention,
the data line, the source electrode, the drain electrode and the
pixel electrode exposed due to an absence of the protective
film in the tin film transistor substrate to be sufficiently
protected by the lower alignment film formed thereon or by
the liquid crystal formed in the area sealed by the sealant.
Also, it permits all the pads of the thin film transistor
substrate to have the same structure, and permits the data
link connected to the data pad to be connected, via the
contact hole, to the data line within an area sealed by the
sealant. Thus, it becomes possible to prevent an illumination
problem, etc. caused by an absence of the protective film.

[0103] Although the present invention has been explained
by the embodiments illustrated in the drawings described
above, it should be understood to the ordinary skilled person
in the art that the invention is not limited to the embodi-
ments, but rather that various changes or modifications
thereof are possible without departing from the spirit of the
invention. Accordingly, the scope of the invention shall be
determined only by the appended claims and their equiva-
lents.

What is claimed is:
1. A liquid crystal display device, comprising:

a gate line provided on a substrate;

a data line crossing the gate line with a gate insulating film
to define a pixel area;

a thin film transistor including a gate electrode connected
to the gate line, a source electrode connected to the data
line, a drain electrode opposed to the pixel electrode
and a semiconductor layer for defining a channel
between the source electrode and the drain electrode;

a common line provided in parallel to the gate line on the
substrate;

a common electrode extended from the common line into
the pixel area; and
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a pixel electrode extended from the drain electrode into
the pixel area in such a manner as to overlap the
common electrode with the gate insulating film,

wherein the gate line and the common line are formed of
a first conductive layer group having at least double
conductive layers, and the common electrode is formed
by an extension of the lowermost layer of the common
line; and

wherein the data line, the source electrode and the drain
electrode are formed of a second conductive layer
group having at least double conductive layers, and the
pixel electrode is formed by an extension of the low-
ermost layer of the drain electrode.

2. The device as claimed in claim 1, wherein a storage
capacitor is provided by an overlapping of the drain elec-
trode with the common electrode.

3. The device as claimed in claim 1, wherein the common
electrode has a plate shape, and the pixel electrode has a rib
shape.

4. The device as claimed in claim 1, further comprising:

a gate pad connected to the gate line;
a data pad to be connected to the data line; and
a common pad connected to the common line,

wherein each of the gate pad, the data pad and the
common pad includes:

a lower pad electrode formed of the first conductive layer
group;

a contact hole passing through the gate insulating film to
expose the lower pad electrode; and

an upper pad electrode connected to the lower pad elec-
trode via the contact hole and formed of the lowermost
layer of the second conductive layer group.

5. The device as claimed in claim 4, further comprising:

a data link provided such that the first conductive layer
group is extended from a lower electrode of the data
pad to have a portion thereof overlapped with the data
line; and

a second contact hole passing through the gate insulating
film to connect the data line to the data link.

6. The device as claimed in claim 5, wherein the second

contact hole is formed in an area to be sealed by the sealant.

7. The device as claimed in claim 5, further comprising:

an alignment film on the data line, the source electrode,

the drain electrode and the pixel electrode.

8. The device as claimed in claim 7, wherein the second
contact hole is formed under the alignment film.

9. The device as claimed in claim 1, wherein the semi-
conductor pattern is formed at a position to be provided with
the thin film transistor.

10. The device as claimed in claim 1, wherein each of the
first and second conductive layers includes a lowermost
layer having a transparent conductive layer and an upper
layer having at least one of a single layer formed of a metal
material such as Mo, Ti, Cu, AINd, Al, Cr, a Mo-alloy, a
Cu-alloy or an Al-alloy, a double layer and a triple layer
formed of Al/Cr, Al/Mo, Al(Nd)/Al, AI(Nd)/Cr, Mo/Al(Nd)/
Mo, Cu/Mo, TV/AI(Nd)/Ti, Mo/Al, Mo/Ti/Al(Nd), Cu-alloy/
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Mo, Cu-alloy/Al, Cu-alloy/Mo-alloy, Cu-alloy/Al-alloy,
Al/Mo-alloy, Mo-alloy/Al, Al-alloy/Mo-alloy, Mo-alloy/Al-
alloy, and Mo/Al-alloy.

11. The device as claimed in claim 1, wherein the first
conductive group has step coverage having a stepwise
shape.

12. The device as claimed in claim 1, wherein the second
conductive group has step coverage having a stepwise
shape.

13. A method of fabricating a liquid crystal display
device, comprising:

a first mask process forming a first mask pattern group
including a gate line, a gate electrode connected to the
gate line and a common line parallel to the gate line
having a first conductive layer group structure of at
least double conductive layers, and a common elec-
trode formed by an extension of the lowermost layer of
the common line having a single layer structure on a
substrate;

a second mask process forming a gate insulating film on
the first mask pattern group and a semiconductor pat-
tern on the gate insulating film; and

a third mask process forming a third mask pattern group
including a data line, a source electrode connected to
the data line and a drain electrode opposed to the source
electrode having a second conductive layer group struc-
ture of at least double conductive layers, and a pixel
electrode formed by an extension of the lowermost
layer of the drain electrode with being overlapped with
the common electrode having a single layer structure,
on the gate insulating film provided with the semicon-
ductor pattern at an area to be sealed by the sealant.

14. The method as claimed in claim 13, further compris-
ing:

forming an alignment film on the third mask pattern
group.

15. The method as claimed in claim 13, wherein the first
mask process includes forming a lower pad electrode to be
connected to at least one of the gate line, the data line and
the common line from the first conductive layer group,

the second mask process includes forming a contact hole
passing through the gate insulating film to expose the
lower pad electrode, and

the third mask process includes forming an upper pad
electrode to be connected, via the contact hole, to the
lower pad electrode from the lowermost layer of the
second conductive layer group.

16. The method as claimed in claim 15, wherein the first
mask process includes forming a data link provided such
that the first conductive layer group is extended from the
lower pad electrode to be overlapped with the data line, and

the second mask process includes forming a second
contact hole for connecting the data link with the data
line.
17. The method as claimed in claim 16, wherein the first
mask process includes:

forming the first conductive layer group on the substrate;

forming a different thickness of the first and second
photo-resist patterns by a photolithography using one
of a half tone mask and a diffractive exposure mask;
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forming the first mask pattern group including the com-
mon electrode having said second conductive layer
group structure by an etching process using the first and
second photo-resist patterns;

removing the second photo-resist pattern and etching the
exposed common electrode to remain the lowermost
layers thereof; and

removing the first photo-resist pattern.
18. The method as claimed in claim 16, wherein the
second mask process includes:

forming a gate insulating film, an amorphous silicon layer
and an amorphous silicon layer doped with an impurity
on the first mask pattern group;

forming a different thickness of the first and second
photo-resist patterns by a photolithography using one
of a half tone mask and a diffractive exposure mask;
and

forming the contact holes by an etching process using the
first and second photo-resist patterns;

removing the second photo-resist pattern and forming the
semiconductor pattern by an etching process using the
first photo-resist pattern; and

removing the first photo-resist pattern.
19. The method as claimed in claim 16, wherein the third
mask process includes:

forming the second conductive layer group on the gate
insulating film provided with the semiconductor pat-
tern;

forming a different thickness of the first and second
photo-resist patterns using one of a half tone mask and
a diffractive exposure mask;

patterning the second conductive layer group by an etch-
ing process using the first and second photo-resist
patterns to provide a third mask pattern group including
the upper pad electrode;

removing an amorphous silicon layer doped with an
impurity exposed between the source electrode and the
drain electrode; and

removing the second photo-resist pattern and etching the
exposed upper pad electrode to remain the lowermost
layers thereof; and

removing the first photo-resist pattern.

20. The method as claimed in claim 17, each of the first
and second conductive layers includes a lowermost layer
having a transparent conductive layer and an upper layer
having at least one of a single layer formed of a metal
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material such as Mo, Ti, Cu, AINd, Al, Cr, a Mo-alloy, a
Cu-alloy or an Al-alloy, a double layer and a triple layer
formed of Al/Cr, Al/Mo, AI(Nd)/Al, AI(Nd)/Cr, Mo/ Al(Nd)/
Mo, Cw/Mo, Ti/AI(Nd)/Ti, Mo/Al, Mo/Ti/Al(Nd), Cu-alloy/
Mo, Cu-alloy/Al, Cu-alloy/Mo-alloy, Cu-alloy/Al-alloy,
Al/Mo-alloy, Mo-alloy/Al, Al-alloy/Mo-alloy, Mo-alloy/Al-
alloy, and Mo/Al-alloy.

21. The method as claimed in claim 19, further compris-
ing:

if the lowermost layer of the second conductive layer

group is over-etched in comparison to the upper layer
thereof when the second conductive group is patterned,
then etching each side of the upper layer exposed
through the second photo-resist pattern to locate the
edge of the upper layer at an inner side than that of the
lowermost layer.

22. The method as claimed in claim 13, wherein at least
two layers of the semiconductor pattern, the source elec-
trode, the drain electrode and the pixel electrode have step
coverage taking a stepwise shape.

23. The method as claimed in claim 16, wherein the
second contact hole is formed in an area to be sealed by the
sealant.

24. The method as claimed in claim 14, wherein the first
mask process includes forming a lower pad electrode to be
connected to at least one of the gate line, the data line and
the common line from the first conductive layer group,

the second mask process includes forming a contact hole
passing through the gate insulating film to expose the
lower pad electrode, and

the third mask process includes forming an upper pad
electrode to be connected, via the contact hole, to the
lower pad electrode from the lowermost layer of the
second conductive layer group.

25. The method as claimed in claim 24, wherein the first
mask process includes forming a data link provided such
that the first conductive layer group is extended from the
lower pad electrode to be overlapped with the data line, and

the second mask process includes forming a second
contact hole for connecting the data link with the data
line.
26. The method as claimed in claim 25, wherein the
second contact hole is formed under the alignment film.
27. The method as claimed in claim 13, wherein the first
conductive group has step coverage having a stepwise
shape.
28. The method as claimed in claim 13, wherein the
second conductive group has step coverage having a step-
wise shape.
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