a2 United States Patent

US007259807B2

(10) Patent No.: US 7,259,807 B2

Kim 45) Date of Patent; Aug, 21, 2007
(54) METHOD OF MANUFACTURING THIN 6,373,548 Bl*  4/2002 Kim .coovevevveviereeneennns 349/158
FILM TRANSISTOR ARRAY PANEL AND 6,734,931 B2* 52004 YU .oovoorrrereeeres 349/106
LIQUID CRYSTAL DISPLAY 6,787,930 B1* 9/2004 Nakata et al. .............. 257/797
6,803,975 B2* 10/2004 Kim et al. ..oocoovvvrnncnn.. 349/43

(75) Inventor: Dong-Gyu Kim, Yongin-si (KR)
(73)

(*)

Assignee: Samsung Electronics Co., Ltd. (KR)

Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 172 days.

(21)  Appl. No.: 10/877,590

(22) Filed: Jun. 25, 2004

Prior Publication Data

US 2004/0263709 A1 Dec. 30, 2004

(65)

(30)
Jun. 26, 2003

Foreign Application Priority Data
(KR) 10-2003-0041990

(31) Imt.CL
GO2F 1/136 (2006.01)
(52) US. CL .o, 349/43; 257/791
(58) Field of Classification Search .................. 257759,
257172, 797, 349/43
See application file for complete search history.

* cited by examiner

Primary Examiner—David Nelms

Assistant Examiner—David Chung

(74) Attorney, Agenmt, or Firm—Don C. Lawrence;
MacPherson Kwok Chen & Heid LLP

(57) ABSTRACT

A method of manufacturing a thin film transistor array panel
is provided, which includes: forming a gate line including a
gate electrode on a substrate; depositing a gate insulating
layer; forming a semiconductor layer on the gate insulating
layer; forming an ohmic contact layer on the semiconductor
layer; forming a data line including a source electrode and
a drain electrode on the ohmic contact layer at least in part;
forming an alignment key including the same layer as the
data line; coating a first photosensitive film for a color filter;
aligning a mask for color filter with the substrate provided
with the first photosensitive film using the alignment key;
forming a first color filter by light exposure and developing
the first photosensitive film; and forming a pixel electrode

(56) References Cited \
connected to the drain electrode.
U.S. PATENT DOCUMENTS
5910830 A *  6/1999 Nam .....ccoevvvevinenn 349/158 25 Claims, 40 Drawing Sheets
1m 173 175 i
Ut 12 165 ~—— 187
180 130 731 73{2 163 ( 75i1 7?3 185 1;30 77\1 77‘2 e 180
82801181 N t—h 17 ] ——802 801
N\ A w2
230R \ {'
. 1 1 A_———\l —140
DL T N[ e
‘ E) 1é1 \ l ; \ l 7&1 752
291 202 151 241 242 154 802 801 Nl
o KT e ot 21z 179
129 124 180 < ! : ;
127 12t



U.S. Patent Aug. 21,2007  Sheet 1 of 40 US 7,259,807 B2

FIG.1
11 12 2l 29 1 31
p I I I A I s
V‘/'/777'/7}77;77/?1:’7‘//777777)777)/7'/7%777/777//)72)777/91
? % 7 /
2 /2 7 4
] q
14 7 7 ’
7 % % /
N
4 % % )
?[!//_/_[../f I./_Z /_/_//l// LLLLLL. '/./[.{//_/_/{/;Z//_/_ZZ[ I/_/Z/./././j
L O A T AN AT
w | o | o | )
4 51 9% 61 62



US 7,259,807 B2

Sheet 2 of 40

Aug. 21, 2007

U.S. Patent

FIG.2

2
{

—190
‘__

I~ o

1

—171
|
l__.

L il il
| ] w N




U.S. Patent Aug. 21,2007  Sheet 3 of 40 US 7,259,807 B2

FIG.3

82 \_ }pv

{r X 121 r”
| /

i ] [
| 197 "

171~

19}~

230G 230B
230R

8 o 5
1814

N\
b
N
>
—
O
o
by _petefe

X
52
|ZN
—
1|

i

129

173



US 7,259,807 B2

Sheet 4 of 40

Aug. 21, 2007

U.S. Patent

28

-

108 208
081




U.S. Patent Aug. 21,2007  Sheet 5 of 40 US 7,259,807 B2

FIG.54

121

127

/
129




U.S. Patent Aug. 21,2007  Sheet 6 of 40 US 7,259,807 B2

110

J N

FIG.5B




U.S. Patent Aug. 21,2007  Sheet 7 of 40 US 7,259,807 B2

FIG.64
-
A
L oal
| // i — L
127
161—
~~VIB
: J} ] ‘\\ 5
129 ya Led {
164/1/




U.S. Patent Aug. 21,2007  Sheet 8 of 40 US 7,259,807 B2

—-140
—110

AN

FIG. 68
\
154

164
12
k_Y__J
124




U.S. Patent Aug. 21,2007  Sheet 9 of 40 US 7,259,807 B2

FIG.7A

179
VIIB’

. ry

rl[ 121 U
e |
27/ [
177
171~
154~
175
- VIIB 154
” N
| k 124 —
129 , l[_
73




US 7,259,807 B2

Sheet 10 of 40

Aug. 21, 2007

U.S. Patent

1 221
— ~—
6Ll 12 112 AV RTY: 721 627
~ SY2 192 562 162
264 162 / \ val 157 197
m \ \ J a | Y J
i B\W/4 N |
0FT— E - { /.T|J. ﬁ
204 10 2G4 164 991 ald 114
s grp  S9teeAlel oy
gLl
e VavIN]



U.S. Patent Aug. 21,2007  Sheet 11 of 40 US 7,259,807 B2

FIG.8

{
78 {781/r

782
\ 55

H“-_-—_———ﬁ-ﬂ
gy U UN S

1
C




U.S. Patent

Aug. 21, 2007

Sheet 12 of 40

FIG.94

US 7,259,807 B2

179

121
— i
A I
12f -
177
171
15%
230G 230B
230R
175
{
IXB
B 154
)L N [
] N o .
125 124 l{-—-
173




U.S. Patent Aug. 21,2007  Sheet 13 of 40 US 7,259,807 B2

—-140
—~—110

2
T~ (o
_ — g8/
[an)
Q
o
~i
C\ | w=
.-.}2
v
//N
.\ o~
———
N \ NS
I~ —
— 3
Qq @D
v—(is.
@) o -
—
< B4E TN P
e = 1 —
[, &
2 = R
[ap] o2 _,_____\_____‘;‘ ~—
© ™ (aV]

230
|
161

801




U.S. Patent Aug. 21,2007  Sheet 14 of 40 US 7,259,807 B2
FIG. 104
182 179
\ [ B
S
S
N 1]
X | - ]
I = 1 1
=
127 /‘/ \
171~
15t~
230G 2308
230R
175| 185
{ |~
0 | 154
181~
f 1 X == T
128 I e | XX ”__
|




U.S. Patent Aug. 21,2007  Sheet 15 of 40 US 7,259,807 B2

(=]
¥ 8
17
a2
— Y3
o{% TR
@
- | O
o
© o
/& ~—)
(AV]
| -y
i
é N
._-‘\ a2
| \ o2 |2~
~ —
11 -}
S 2) o
- (so]
m “——\_g —
S o D
v—l\
‘\ NL‘)-\\
"'—'==? ~j
- 4 e —1 —
~ e
&' &~ P =
gt 1E [T 3
g z I
~—i
Sg———"—\ 1<
i
I
™
™~ v
o -
[w [E —3
o *\ ~—
o) — O
ol ~—t
ﬁ__/
I E
= o)
O~ ! -
— [V R =)
8"!.’ - o2
= g
(]
m{w
— | O
S
(s w]



U.S. Patent Aug. 21,2007  Sheet 16 of 40 US 7,259,807 B2

FIG. 11
XII<—
5 179+
182 3 82
54’-73] Tt
L
X | B
| |
17— X
G B
131
{
=~ =1
I@I
185 v\
X1
AN
175 ——|
181 L
81— AEZ] SL {) S 7
- /
Xl 129 — 190,45 154
X< 173




US 7,259,807 B2

Sheet 17 of 40

Aug. 21, 2007

U.S. Patent

vt
Js
~—

T

SlL 114
{
13!




U.S. Patent Aug. 21,2007  Sheet 18 of 40 US 7,259,807 B2

——180
—140
—110

190
2

FIG. 13
\
2

——
4

~H
% : /3
m —-'-‘———__-—N
- P
J——
8 T —y o
~—i \J-.
Y »
oL ~
5{5_—// ~
o~ ~




U.S. Patent Aug. 21,2007  Sheet 19 of 40 US 7,259,807 B2
FIG. 144
XIVB=<—
)
—
XIVC ey
)
|
s )
XIVB<—129 121

XIVC=—



U.S. Patent Aug. 21,2007  Sheet 20 of 40 US 7,259,807 B2

110

FIG.14B
[




U.S. Patent Aug. 21,2007  Sheet 21 of 40 US 7,259,807 B2

110

FIG.14C
\
242
L_V_J
4




U.S. Patent Aug. 21,2007  Sheet 22 of 40 US 7,259,807 B2

o
¥ 2
v i
Ll
S
t/.—"""”-—'—"/
N /'—‘“—- N SEE—
o [E— 3
vl 5’___/
P~O
Oy
© - x
FOE N C
T
v~
Tt
~—
o
—T
S -
D lm
4|
: m
‘\ %\_/“-
) —~L
N -
S
Q
—————— -
-
o B
_..__..1/._—*
g z? /~_~ \//—‘—ﬁ———‘/d
— 8____/ a4
(o]
=i
H 2 e
S-—t o
L gf=
H a2



U.S. Patent Aug. 21,2007  Sheet 23 of 40 US 7,259,807 B2

—140
——110

-———-——'/—-

I
A

170
—
701 702

\

160
\

FIG. 158
|
\

50
\




U.S. Patent Aug. 21,2007  Sheet 24 of 40 US 7,259,807 B2

FIG. 164

N ull

131
)

T |
) | S 154/

XVIB<— 129 121

XVIC< 173




U.S. Patent Aug. 21,2007  Sheet 25 of 40 US 7,259,807 B2

Q
+ 2
A i
) T
—
I — M
O —
| | "—-’-“L'\
O —— L (=
o ~ ] 0
o~ v
”{a_.//
I\N
LQ\/"
- g —
%\/“ S
A
i
a2
T
A
=]
)
S .
< o
% &/
Ne)
h oS o2
. f l‘o\/-\
Qb -.} ____________ —t
g e
e, ~
m ~
~
\ [ow)
PR S S —_—tr N
[ ~—
o L
o 3
/‘——.—.
O-—_~—
<| g[E B
— 5*______, N
y e~ 3
'7\ """"""""" i
)
a |3
— ] N}m
o2
i | o=
TR



U.S. Patent Aug. 21,2007  Sheet 26 of 40 US 7,259,807 B2

I S
]
as]
a1
Yol
< /J
e S L §
D
-‘:{s_// -
o~
) o T
0 e A T
]
A -}\ ------------
) S
S et — s
=, -) 3
e
) B
Wy
=i
S
4 T
T~
Y
S
Ns./"“
10
m%




U.S. Patent Aug. 21,2007  Sheet 27 of 40 US 7,259,807 B2

=
— o o
IS8y ~ o
~ Ty 2 e
LJ 2
Bt
™
~/N -t
%"‘ ~—i
[F—"T = 1z
~< & o
~
I R ..
[ H
(1)
< W[§—TF [T
o~ (20}
~~ >~ o N
. 0 ._[_
) L]
o (™
o
]
" N
0 o
pooet
/‘”—'_bb——-/
3|1 o
e = &
&
— 3 %
B U N
ﬁ a2




U.S. Patent Aug. 21,2007  Sheet 28 of 40 US 7,259,807 B2

—140
—110

62

FIG. 178




US 7,259,807 B2

Sheet 29 of 40

Aug. 21, 2007

U.S. Patent

312 112 21€ 118 %61 \ J “ 262 162
\ L | L
ovi— | INVERENEN
ov1—— ,”H\ ¥ — ﬂ | , ~ E
18—+ / T TN/
79T —— s L ]
L _ \ [
[\ \
IR AP S
SFL 174,
2V VL 2PL 192, —~—
PLI VLI
Ve L 914



U.S. Patent Aug. 21,2007  Sheet 30 of 40 US 7,259,807 B2

S S
T T
83—
e
o2 K/
S —Tt | 1| ~
§{3 ] -
i
~H
i~
Q ¥ | ul
g -
.

. o2
E ~H -f\—#g}ﬁ
L'L| LD —

] d— <
o
-.\‘I-
Ty
L
e
\H
S%..___—-—.




US 7,259,807 B2

Sheet 31 of 40

Aug. 21, 2007

U.S. Patent

e1
| 121 ! Q9] 197 161 621
2iz 112 218 116 ¢_£ \ NAN =,WN

| \
oni— Y. v B
0P T— — T —177 —
11— / \ ,/ ,|/|||||\|
for— B ] ]
6L Nﬁ\nL _ g“ ﬂ _ , ~/ c/
m«m NWJ V /NW mw Nu:‘ n
SIL 1IL 2G4 TG ——
o ST 14T
Ve L 9014



U.S. Patent Aug. 21,2007  Sheet 32 of 40 US 7,259,807 B2

——140
—110

FIG. 198
\
24

L_Y_J
4

~H
LON.— ﬁ
— +—t
.-—-l"'r"'—
o
e 1]

173
—M
731732
/

/




U.S. Patent Aug. 21,2007  Sheet 33 of 40 US 7,259,807 B2

FIG. 204
YR
17 _‘]
il =
Hie
71—
R
G n 1B
131
\
e
AN
175 ——
1
7 1
XXB <—— 1%9 — 1281 154/
o




US 7,259,807 B2

Sheet 34 of 40

Aug. 21, 2007

U.S. Patent

127 161 91 621
el AN 197 16T oor
212 112 216 118 $G7 \ / _ 262 162
_ | m \
on— | L) | |
oy1—— ,, , ,F ——T I f ,ﬁ
151 [ \ N\ /=
191 - ] , N\ =/
g _ L
264 , !
\ D
\ g \
0817 p /\
~ a 081 . ATIAT)
21L 114 GL f<L§
1.1 gLl
0c D1Hd



U.S. Patent Aug. 21,2007  Sheet 35 of 40 US 7,259,807 B2

22 2
Wl
T
o
//
e L H-
0 f S ' -1
& i -
Te)
N —

. o2
EI < ’_"\""ﬁ}ﬁ
ELI )~ - - ey

v o ___‘______g
r-"—""l-‘—J
%.—-—'—h—.
\h’—

P> JR
)~ -1 ™~
o~
S

” ~




U.S. Patent Aug. 21,2007  Sheet 36 of 40 US 7,259,807 B2

FIG. 214
XXIB<«—
17
% b
X )
1
17—
R
G B
131
\
==
i\ \
l 175 — w
1814
AEQ | Sr ZF
XXIB<«— 1\29 T 1281 154/
o




US 7,259,807 B2

Sheet 37 of 40

Aug. 21, 2007

U.S. Patent

121 181 g9l . 621
212 112 216 118 ¥ST » / ﬂ 262 162
A by |
ori— | ) AR
0¥T—— (| — 17 | | $
16T —= / \ \
19T L u
164~
LT _ \ ﬁ
264 [ T % 181
\ N )
281
081 / / \ \
| | osr 987 212 114
1), 1 11 2G. 16/, 7
E GL1
gl old



U.S. Patent

FIG.21C

Aug. 21, 2007

Sheet 38 of 40

QO
[+
T
e g H
/
S| ~
o~
T
QO —1—— _
” i
o — L1
<}
W1 »
—y
o~
|
]
%f—‘—'-"‘\ L -
w—{
c@a—__._—-/
I~ S~
i .

——140

US 7,259,807 B2

—110




U.S. Patent Aug. 21,2007  Sheet 39 of 40 US 7,259,807 B2

X [@}:{% X
] | L]
4
/ D)
< J/_ | a—— [ :
| S— Q \
2308
230R 2306
161
190
171
X
1854 [0 173 133
5 7 131
181p 10ia 7 I |
PN S S \5{5
a—i([=] ] | B =L —— N
—“L—'_ LN {/ [ \‘ NN N
129 121 / 124

154



U.S. Patent Aug. 21,2007  Sheet 40 of 40 US 7,259,807 B2

FIG. 23
190 185a i 12
Birse T
A 185b ] ] I
[ n
230R 230(;\ 9908
‘IL/ 4Ih4L \ \ ‘//‘l{ \,\\
15116y 110 140 | 331 332 165 ) o241 24z /163
! 154 "~
711 712 180 133 124 12



US 7,259,807 B2

1

METHOD OF MANUFACTURING THIN
FILM TRANSISTOR ARRAY PANEL AND
LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method of manufactut-
ing a thin film transistor array panel and a liquid crystal
display.

(b) Description of Related Art

Liquid crystal displays (LCDs) are one of the most widely
used flat panel displays. An LCD includes two panels having
field-generating electrodes and interposing a gap therebe-
tween, and a liquid crystal (LC) layer filled in the gap
between the panels. The LCD displays images by applying
voltages to the field-generating electrodes to generate an
electric field in the LC layer, which determines orientations
of LC molecules in the LC layer to adjust polarization of
incident light.

The LCD includes a plurality of pixels arranged in a
matrix and a plurality of signal lines for driving the pixels
such as gate lines for transmitting scanning signals and data
lines for transmitting data signals. Each pixel includes a
pixel electrode, a color filter, and a thin film transistor (TFT)
connected to the gate lines and the data lines for controlling
the data signals.

One of the panels of the LCD called a TFT array panel
includes the gate lines, the data lines, the pixel electrodes,
and the TFTs and the other of the panels includes the color
filters for color representation.

It is suggested that the color filters may be placed on the
TFT array panel for obtaining large aperture ratio by
decreasing the alignment error range between the panels.

However, the alignment of the color filters is still an issue
since the misalignment yield poor display characteristics.

SUMMARY OF THE INVENTION

A method of manufacturing a thin film transistor array
panel is provided, which includes: forming a gate line
including a gate electrode on a substrate; depositing a gate
insulating layer; forming a semiconductor layer on the gate
insulating layer; forming an ohmic contact layer on the
semiconductor layer; forming a data line including a source
electrode and a drain electrode on the ohmic contact layer at
least in part; forming an alignment key including the same
layer as the data line; coating a first photosensitive film for
a color filter; aligning a mask for color filter with the
substrate provided with the first photosensitive film using
the alignment key; forming a first color filter by light
exposure and developing the first photosensitive film; and
forming a pixel electrode connected to the drain electrode.

The method may further include: forming a passivation
layer under the pixel electrode.

The passivation layer may be disposed on or under the
color filter.

The passivation layer may include silicon nitride, silicon
oxide, or organic insulator.

The method may further include: coating a second pho-
tosensitive film for a color filter; aligning the mask for color
filter with the substrate provided with the second photosen-
sitive film using the alignment key; forming a second color
filter by light exposure and developing the first photosensi-
tive film; coating a third photosensitive film for a color filter;
aligning the mask for color filter with the substrate provided
with the third photosensitive film using the alignment key;
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2

and forming a third color filter by light exposure and
developing the first photosensitive film, wherein the first to
the third color filters represent red, green, and blue colors.

Adjacent two of the first to the third color filters may
overlap each other in part.

The semiconductor layer, the ohmic contact layer, the data
line, and the drain electrode are formed by a single photo-
lithography step.

A method of manufacturing a liquid crystal display is
provided, which includes: forming a first panel including a
gate line, a semiconductor layer, a data line, a drain elec-
trode, an alignment key made of the same layer as the data
line, and a pixel electrode connected to the data line;
forming a second panel facing the first panel; aligning the
first panel and the second panel using the alignment key; and
combining the first panel and the second panel.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more apparent by
describing embodiments thereof in detail with reference to
the accompanying drawings in which:

FIG. 1 is a schematic diagram of a substrate for LCDs
according to an embodiment of the present invention;

FIG. 2 is a schematic layout view of a TFT array panel for
an LCD according to an embodiment of the present inven-
tion;

FIG. 3 is a layout view of an exemplary TFT array panel
for an LCD according to an embodiment of the present
invention;

FIG. 4 is a sectional view of the TFT array panel shown
in FIG. 3 taken along the line TV-IV";

FIGS. 5A, 6A, 7A, 9A and 10A are layout views of the
TFT array panel shown in FIGS. 3 and 4 in intermediate
steps of a manufacturing method thereof according to an
embodiment of the present invention;

FIGS. 5B, 6B, 7B, 9B and 10B are sectional views of the
TFT array panel shown in FIGS. 6A, 7A, 9A and 10A taken
along the lines VB-VB', VIB-VIB', VIIB-VIIB', IX-IX', and
X-X', respectively;

FIG. 8 is a layout view of an alignment key for color filter
stripes on the TFT array panel and an alignment key for
color filter stripes on a mask;

FIG. 11 is a layout view of a TFT array panel for an LCD
according to another embodiment of the present invention;

FIG. 12 is a sectional view of the TFT array panel shown
in FIG. 11 taken along the line XII-XII";

FIG. 13 is a sectional view of the TFT array panel shown
in FIG. 11 taken along the lines XIII-XIIT";

FIG. 14A is a layout view of a TFT array panel shown in
FIGS. 11-13 in the first step of a manufacturing method
thereof according to an embodiment of the present inven-
tion;

FIGS. 14B and 14C are sectional views of the TFT array
panel shown in FIG. 14A taken along the lines XIVB-XIVB'
and XIVC-XIVC', respectively;

FIGS. 15A and 15B are sectional views of the TFT array
panel shown in FIG. 14A taken along the lines XIVB-XIVB'
and XIVC-XIVC, respectively, and illustrate the step fol-
lowing the step shown in FIGS. 14B and 14C;

FIG. 16A is a layout view of the TFT array panel in the
step following the step shown in FIGS. 15A and 15B;

FIGS. 16B and 16C are sectional views of the TFT array
panel shown in FIG. 16A taken along the lines XVIB-XVIB'
and XVIC-XVIC', respectively;

FIGS. 17A, 18A and 19A and FIGS. 17B, 18B and 19B
are sectional views of the TFT array panel shown in FIG.
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16A taken along the lines XVIB-XVIB' and XVIC-XVIC!,
respectively, which illustrate the step following the step
shown in FIGS. 14B and 14C;

FIG. 20A is a layout view of a TFT array panel in the step
following the step shown in FIGS. 19A and 19B;

FIGS. 20B and 20C are sectional views of the TFT array
panel shown in FIG. 20A taken along the lines XXB-XXB'
and XXC-XXC', respectively;

FIG. 21A is a layout view of a TFT array panel in the step
following the step shown in FIGS. 20A-20C; and FIGS. 21B
and 21C are sectional views of the TFT array panel shown
in FIG. 21A taken along the lines XXIB-XXIB' and XXIC-
XXIC', respectively.

FIG. 22 is a layout view of a TFT array panel according
to another embodiment of the present invention; and

FIG. 23 is a sectional view of the TFT array panel shown
in FIG. 22 taken along the lines XXIII-XXIIT'".

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein.

In the drawings, the thickness of layers, films and regions
are exaggerated for clarity. Like numerals refer to like
elements throughout. It will be understood that when an
element such as a layer, film, region or substrate is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present.
In contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

Now, thin film transistor array panels and manufacturing
methods thereof according to embodiments of the present
invention will be described with reference to the accompa-
nying drawings.

An LCD according to an embodiment of the present
invention is described in detail with reference to FIGS. 1 and
2.

FIG. 1 1s a schematic diagram of a substrate for LCDs
according to an embodiment of the present invention.

Referring to FIG. 1, a substrate 1 preferably made of glass
includes a plurality of, for example, six device areas 10-60.
When the substrate 1 is prepared for TFT array panels, each
device area 10-60 includes a display area 11-61 provided
with a plurality of pixel areas and a peripheral area 12-62.
The display area 11-61 is provided with a plurality of TFTs,
signal lines, pixel electrodes, and red, green and blue color
filters, which are arranged in a matrix, and the peripheral
area 12-62 is provided with elements such as pads of the
signal lines, which will be connected to external driving
devices, and a common voltage line for transmitting a
common voltage from an external device to a common
electrode.

The above-described elements of the LCD include a
plurality of thin film patterns formed by several photolithog-
raphy and etch steps. The patterns of the thin films are
aligned with each other using alignment keys disposed on an
outer area 70 of the substrate 1.

FIG. 2 is a schematic layout view of a TFT array panel for
an LCD according to an embodiment of the present inven-
tion.

Referring to FIG. 2, a plurality of TFTs, a plurality of
pixel electrodes 191 electrically connected to the TFTs, and
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a plurality of signal lines including mutually intersecting
gate lines 121 and data lines 171 are disposed in a display
area surrounded by dotted lines. In a peripheral area 2
disposed out of the display area, expansions 129 and 179 of
the gate lines 121 and the data lines 179 are disposed to be
connected to gate driving ICs and data driving ICs for
receiving signals to be applied to the gate lines 121 and the
data lines 171.

In addition, an alignment key 178 preferably made of the
same layer as the data lines 171 are provided in the outer
area out of the peripheral area 2. The alignment key 178 is
used for aligning color filters and includes a transverse
portion 781 and a longitudinal portion 782. Since the align-
ment key 178 is disposed out of the peripheral are, the TFT
array panel after divided does not include the alignment key
178.

A TFT array panel for an LCD will be described in detail
with reference to FIGS. 3 and 4.

FIG. 3 is a layout view of an exemplary TFT array panel
for an LCD according to an embodiment of the present
invention, and FIG. 4 is a sectional view of the TFT array
panel shown in FIG. 3 taken along the line IV-IV".

A plurality of gate lines 121 for transmitting gate signals
are formed on an insulating substrate 110. Each gate line 121
extends substantially in a transverse direction and a plurality
of portions of each gate line 121 form a plurality of gate
electrodes 124. Fach gate line 121 includes a plurality of
projections 127 protruding downward and an end portion
129 having a large area for contact with another layer or an
external device.

The gate lines 121 include two films having different
physical characteristics, a lower film 211 and an upper film
212. The lower film 211 is preferably made of low resistivity
metal including Al containing metal such as Al and Al alloy,
Ag containing metal such as Ag and Ag alloy, or Cu
containing metal such as Cu and Cu alloy for reducing signal
delay or voltage drop in the gate lines 121. On the other
hand, the upper film 212 is preferably made of material such
as Cr, Mo, Mo alloy, Ta and Ti, which has good physical,
chemical, and electrical contact characteristics with other
materials such as indium tin oxide (ITO) and indium zinc
oxide (IZ0O). A good exemplary combination of the lower
film material and the upper film material is Cr and Al—Nd
alloy. In FIG. 4, the lower and the upper films of the gate
electrodes 124 are indicated by reference numerals 241 and
242, respectively, the lower and the upper films of the
projections 127 are indicated by reference numerals 271 and
272, respectively, and the lower and the upper films of the
end portions 129 are indicated by reference numerals 291
and 292, respectively.

The gate lines 121 may have a single layer structure or
may include three or more layers.

In addition, the lateral sides of the upper film 212 and the
lower film 211 are inclined relative to a surface of the
substrate 110, and the inclination angle thereof ranges about
30-80 degrees.

A gate insulating layer 140 preferably made of silicon
nitride (SiNx) is formed on the gate lines 121.

A plurality of semiconductor stripes 151 preferably made
of hydrogenated amorphous silicon (abbreviated to “a-Si”)
or polysilicon are formed on the gate insulating layer 140.
Each semiconductor stripe 151 extends substantially in a
longitudinal direction and has a plurality of projections 154
branched out toward the gate electrodes 124. The width of
each semiconductor stripe 151 becomes large near the gate
lines 121 such that the semiconductor stripe 151 covers large
areas of the gate lines 121.
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A plurality of ohmic contact stripes and islands 161 and
165 preferably made of silicide or n+hydrogenated a-Si
heavily doped with n type impurity are formed on the
semiconductor stripes 151. Each ohmic contact stripe 161
has a plurality of projections 163, and the projections 163
and the ohmic contact islands 165 are located in pairs on the
projections 154 of the semiconductor stripes 151.

The lateral sides of the semiconductor stripes 151 and the
ohmic contacts 161 and 165 are inclined relative to the
surface of the substrate 110, and the inclination angles
thereof are preferably in a range between about 30-80
degrees.

Aplurality of data lines 171, a plurality of drain electrodes
175, and a plurality of storage capacitor conductors 177 are
formed on the ohmic contacts 161 and 165 and the gate
insulating layer 140.

The data lines 171 for transmitting data voltages extend
substantially in the longitudinal direction and intersect the
gate lines 121. Each data line 171 includes a plurality of
branches projecting toward the drain electrodes 175 to form
a plurality of source electrodes 173 and it has an end portion
179 having a large area for contact with another layer or an
external device. Each pair of the source electrodes 173 and
the drain electrodes 175 are separated from each other and
opposite each other with respect to a gate electrode 124. A
gate electrode 124, a source electrode 173, and a drain
electrode 175 along with a projection 154 of a semiconduc-
tor stripe 151 form a TFT having a channel formed in the
projection 154 disposed between the source electrode 173
and the drain electrode 175.

The storage capacitor conductors 177 overlap the projec-
tions 127 of the gate lines 121.

The data lines 171, the drain electrodes 175, and the
storage capacitor conductors 177 also include a lower film
711, 751 and 771 preferably made of Al containing metal,
Ag containing metal, or Cu containing metal and an upper
film 712, 752 and 772 located thereon and preferably made
of Cr, Mo, Mo alloy, Ta or Ti. Each data line 171 includes
an end portion 179 having a larger area for contact with
another layer or an external device.

Like the gate lines 121, the lower film 711, 751 and 771
and the upper film 712, 752 and 772 of the data lines 171,
the drain electrodes 175, and the storage capacitor conduc-
tors 177 have tapered lateral sides, and the inclination angles
thereof range about 30-80 degrees.

The ohmic contacts 161 and 165 are interposed only
between the underlying semiconductor stripes 151 and the
overlying data lines 171 and the overlying drain electrodes
175 thereon and reduce the contact resistance therebetween.
The semiconductor stripes 151 include a plurality of
exposed portions, which are not covered with the data lines
171 and the drain electrodes 175, such as portions located
between the source electrodes 173 and the drain electrodes
175. Although the semiconductor stripes 151 are narrower
than the data lines 171 at most places, the width of the
semiconductor stripes 151 becomes large near the gate lines
as described above, to smooth the profile of the surface,
thereby preventing the disconnection of the data lines 171.

A first passivation layer 801 preferably made of silicon
nitride or silicon oxide is formed on the data lines 171, the
drain electrodes 175, the storage conductors 177, and the
exposed portions of the semiconductor stripes 151.

A plurality of red, green and blue color filter stripes 230R,
230G and 230B are formed on the first passivation layer 8§01.
Each of the color filter stripes 230R, 230G and 230B are
disposed substantially between adjacent two the data lines
171 and extends in a longitudinal direction. The color filter
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stripes 230R, 230G and 230B are not disposed on a periph-
eral area which is provided with the end portions 179 of the
data lines 171. The color filter stripes 230R, 230G and 230B
have a plurality of openings placed on the drain electrodes
175 and the storage capacitor conductors 177 and having
tapered sidewalls. Edges of adjacent color filter stripes
230R, 230G and 230B exactly match with each other.
However, the edges may overlap to block the light leakage
between the pixel areas, and the edges may be tapered or
thinner than other portions for improving step coverage of
overlying layers and for planarizing a surface to prevent
misalignment of the LC molecules. It is preferable that the
overlapping portions fully cover the data lines 171.

A second passivation layer 802 is formed on the adjacent
color filter stripes R, G and B. The second passivation layer
802 is preferably made of photosensitive organic material
having a good flatness characteristic or low dielectric insu-
lating material such as a-Si:C:O and a-Si:O:F formed by
plasma enhanced chemical vapor deposition (PECVD).

The passivation layers 180 have a plurality of contact
holes 182, 185 and 187 exposing the end portions 179 of the
data lines 171, the drain electrodes 175, and the storage
conductors 177, respectively. In addition, the passivation
layers 180 and the gate insulating layer 140 have a plurality
of contact holes 181 exposing the end portions 129 of the
gate lines 121. The contact holes 181, 182, 185 and 187 have
inclined sidewalls and the contact holes 185 and 187 are
disposed within the openings of the color filter stripes 230R,
230G and 230B. Accordingly, boundaries of the first and the
second passivation layers 180 at the contact holes 181, 182,
185 and 187 coincide with each other. However, the contact
holes 185 and 187 may expose a top surface of the color
filter stripes 230R, 230G and 230B to have stepped profiles.

A plurality of pixel electrodes 190 and a plurality of
contact assistants 81 and 82, which are preferably made of
ITO or 1ZO, are formed on the passivation layers 180.

The pixel electrodes 190 are physically and electrically
connected to the drain electrodes 175 through the contact
holes 185 and to the storage capacitor conductors 177
through the contact holes 187 such that the pixel electrodes
190 receive the data voltages from the drain electrodes 175
and transmit the received data voltages to the storage
capacitor conductors 177.

The pixel electrodes 190 supplied with the data voltages
generate electric fields in cooperation with a common elec-
trode 270 on another panel 200, which reorient liquid crystal
molecules in the liquid crystal layer disposed therebetween.

A pixel electrode 190 and a common electrode 270 form
a liquid crystal capacitor, which stores applied voltages after
turn-off of the TFT. An additional capacitor called a “storage
capacitor,” which is connected in parallel to the liquid
crystal capacitor, is provided for enhancing the voltage
storing capacity. The storage capacitors are implemented by
overlapping the pixel electrodes 190 with the gate lines 121
adjacent thereto (called “previous gate lines”). The capaci-
tances of the storage capacitors, i.e., the storage capacitarces
are increased by providing the projections 127 at the gate
lines 121 for increasing overlapping areas and by providing
the storage capacitor conductors 177, which are connected to
the pixel electrodes 190 and overlap the projections 127,
under the pixel electrodes 190 for decreasing the distance
between the terminals.

The pixel electrodes 190 overlap the gate lines 121 and
the data lines 171 to increase aperture ratio but it is optional.

The contact assistants 81 and 82 are connected to the
exposed end portions 129 of the gate lines 121 and the
exposed end portions 179 of the data lines 171 through the
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contact holes 181 and 182, respectively. The contact assis-
tants 81 and 82 protect the exposed portions 129 and 179 and
complement the adhesion between the exposed portions 129
and 179 and external devices.

According to another embodiment of the present inven-
tion, the pixel electrodes 190 are made of transparent
conductive polymer. For a reflective LCD, the pixel elec-
trodes 190 are made of opaque reflective metal. In these
cases, the contact assistants 81 and 82 may be made of
material such as ITO or 1ZO different from the pixel
electrodes 190.

A method of manufacturing the TFT array panel shown in
FIGS. 3 and 4 according to an embodiment of the present
invention will be now described in detail with reference to
FIGS. 5A to 10B as well as FIGS. 3 and 4.

FIGS. 5A, 6A, 7A, 9A and 10A are layout views of the
TFT array panel shown in FIGS. 3 and 4 in intermediate
steps of a manufacturing method thereof according to an
embodiment of the present invention, and FIGS. 5B, 6B, 7B,
9B and 10B are sectional views of the TFT array panel
shown in FIGS. 6A, 7A, 9A and 10A taken along the lines
VB-VB', VIB-VIB', VIIB-VIIB, IX-IX', and X-X', respec-
tively. FIG. 8 is a layout view of an alignment key for color
filter stripes on the TFT array panel and an alignment key for
color filter stripes on a mask.

Two conductive films, a lower conductive film and an
upper conductive film are sputtered in sequence on an
insulating substrate 110 such as transparent glass. The lower
conductive film is preferably made of a metal such as Cr,
Mo, and Mo alloy including MoW, which has good contact
characteristics with ITO or IZO, and it has a thickness of
about 500 A. The upper conductive film is preferably made
of Al containing metal and preferably has a thickness of
about 2,500 A.

Referring to FIGS. 5A and 5B, the upper conductive film
and the lower conductive film are patterned in sequence by
photo-etching with a photoresist pattern to form a plurality
of gate lines 121 including a plurality of gate electrodes 124
and a plurality of projections 127. Although the lower and
the upper films 211 and 212 may be separately etched under
different conditions, they may be simultaneously etched
preferably using an Al etchant including 8-15% CH,COOH,
5-8% HNO;, 50-60% H,PO;, and remaining H,O, which
can etch both Al and Mo with giving inclined etch profiles.

Referring to FIGS. 6A and 6B, after sequential deposition
of a gate insulating layer 140, an intrinsic a-Si layer, and an
extrinsic a-Si layer, the extrinsic a-Si layer and the intrinsic
a-Si layer are photo-etched to form a plurality of extrinsic
semiconductor stripes 164 and a plurality of intrinsic semi-
conductor stripes 151 including a plurality of projections
154 on the gate insulating layer 140. The gate insulating
layer 140 is preferably made of silicon nitride with thickness
of abour 2,000 A to about 5,000 A, and the deposition
temperature is preferably in a range between about 250° C.
and about 500° C.

Referring to FIGS. 7A and 7B, a conductive layer includ-
ing a lower conductive film and an upper conductive film is
sputtered and etched to form a plurality of data lines 171
including a plurality of source electrodes 173, a plurality of
drain electrodes 175, a plurality of storage capacitor con-
ductors 177, and an alignment key 178 including a longi-
tudinal portion 781 and a transverse portion 782 for aligning
color filter stripes (shown in FIG. 8). The lower conductive
film is preferably made of a metal such as Cr, Mo, and Mo
alloy including MoW, which has good contact characteris-
tics with ITO or IZO, and it has a thickness of about 500 A.
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The upper conductive film is preferably made of Al con-
taining metal and preferably has a thickness of about 2,500
A

Thereafter, portions of the extrinsic semiconductor stripes
164, which are not covered with the data lines 171, the drain
electrodes 175, and the storage capacitor conductors 177, are
removed to complete a plurality of ohmic contact stripes 161
including a plurality of projections 163 and a plurality of
ohmic contact islands 165 and to expose portions of the
intrinsic semiconductor stripes 151. Oxygen plasma treat-
ment preferably follows thereafter in order to stabilize the
exposed surfaces of the semiconductor stripes 151.

Referring to FIGS. 9A and 9B, a first passivation layer
801 made of silicon nitride is deposited and a photosensitive
film for color filter stripes is coated on the first passivation
layer 801. The photosensitive film includes photosensitive
photopolymerizable composition containing photopolymer-
ization starters, monomers, and binders, and non-aqueous
dispersion containing one of red, green, and blue pigments.

An exposure mask (not shown) is aligned with the sub-
strate 110 using the alignment key 178 and an alignment key
55 on the mask and the photosensitive film is exposed to
light through the mask. The photosensitive film is then
developed to form a kind of color filter stripes 230R, 230G
or 230B.

Other two photosensitive films including remaining two
of red, green, and blue pigments are coated and patterned in
the same manner to form remaining two kinds of color filter
stripes 230R. 230G and 230B in a sequential manner. The
color filter stripes 230R, 230G and 230B have a plurality of
openings exposing portions of the first passivation layer 801
that are disposed on the drain electrodes 175 and the storage
capacitor conductors 177. The openings of the color filter
stripes 230R, 230G and 230B may be made by the above-
described steps or by a separate step.

The alignment keys 178 and 55 shown in FIG. 8 are only
an example and various modifications thereof can be imple-
mented. For example, there are one alignment key sets for
each of red, green and blue color filter stripes 230R, 230G
and 230B. The shapes of the alignment keys 178 and 55 can
be varied.

Since the alignment key 178 is made of the same layer as
the data lines 171 that are disposed about right under the
color filter stripes 230R, 230G and 230B, the alignment
errors for the color filter stripes 230R, 230G and 230B can
be minimized and the width of the data lines 171 can be
minimized.

Referring to FIGS. 10A and 10B, a second passivation
layer 802 is deposited on the color filter stripes 230R, 230G
and 230B and the first and the second passivation layers 180
and the gate insulating layer 140 are patterned by dry etch
to form a plurality of contact holes 181, 182, 185 and 187.

If portions of an Al upper film are exposed through the
contact holes 181, 182, 185 and 187. the portions of the Al
film are preferably removed to expose a lower film.

Finally, as shown in FIGS. 3 and 4, a plurality of pixel
electrodes 190 and a plurality of contact assistants 82 are
formed on the second passivation layer 802 by sputtering
and photo-etching an ITO or I1ZO layer. The sputtering
temperature of the ITO or IZO layer is preferably lower than
about 250 degrees for minimizing resistance.

A plurality of columnar spacers (not shown) may be
formed on the substrate 110 by coating and patterning an
organic film containing black pigments.

The alignment key 178 may be removed after completing
the TFT array panel.
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In the meantime, the alignment key 178 may be used for
aligning the TFT array panel and the common electrode
panel to be assembled. In this case, the common electrode
panel may have an alignment key (not shown) to match with
the alignment key 178 on the TFT array panel.

A TFT array panel for an LCD according to another
embodiment of the present invention will be described in
detail with reference to FIGS. 11-13.

FIG. 11 is a layout view of a TFT array panel for an LCD
according to another embodiment of the present invention,
FIG. 12 is a sectional view of the TFT array panel shown in
FIG. 11 taken along the line XII-XII, and FIG. 13 is a
sectional view of the TFT array panel shown in FIG. 11
taken along the lines XIII-XIIT".

Referring to FIGS. 11-13, a layered structure of the TFT
array panel according to this embodiment are almost the
same as those shown in FIGS. 3 and 4.

That is, a plurality of gate lines 121 including a plurality
of gate electrodes 124 and a plurality of storage electrode
lines 131 including a plurality of storage electrodes 135 are
formed on a substrate 110, and a gate insulating layer 140,
a plurality of semiconductor stripes 151 including a plurality
of projections 154, and a plurality of ohmic contact stripes
161 including a plurality of projections 163 and a plurality
of ohmic contact islands 165 are sequentially formed
thereon. A plurality of data lines 171 including a plurality of
source electrodes 173 and a plurality of drain electrodes 175
including expansions are formed on the ohmic contacts 161
and 165, and a plurality of color filter stripes 230R, 230G
and 230B and a passivation layer 180 (that corresponds to
the second passivation layer 802 shown in FIG. 4) are
formed thereon. A plurality of contact holes 181, 182 and
185 are provided at the passivation layer 180 and the gate
insulating layer 140, and a plurality of openings are provided
at the color filter stripes 230R, 230G and 230B. A plurality
of pixel electrodes 190 and a plurality of contact assistants
81 and 82 are formed on the passivation layer 180.

Different from the TFT array panel shown in FIGS. 3 and
4, the TFT array panel according to this embodiment pro-
vides a plurality of storage electrode lines 131, which are
separated from the gate lines 121, on the same layer as the
gate lines 121 without projections. The storage electrode
lines 131 are supplied with a predetermined voltage such as
the common voltage and they have a lower film 311 and an
upper film 312. Without providing the storage capacitor
conductors 177 shown in FIGS. 3 and 4, the drain electrodes
175 extend to overlap the storage electrode lines 131 to form
storage capacitors. The storage electrode lines 131 may be
omitted if the storage capacitance generated by the overlap-
ping of the gate lines 121 and the pixel electrodes 191 is
sufficient. The storage electrode lines 131 may be disposed
near the gate lines 121 to increase the aperture ratio.

Furthermore, there is no additional passivation layer
under the color filter stripes 230R, 230G and 230B and the
openings of the color filter stripes 230R, 230G and 230B and
the contact holes 185 match each other.

In addition, the semiconductor stripes 151 have almost the
same planar shapes as the data lines 171 and the drain
electrodes 175 as well as the underlying ohmic contacts 161
and 165. However, the projections 154 of the semiconductor
stripes 151 include some exposed portions, which are not
covered with the data lines 171 and the drain electrodes 175,
such as portions located between the source electrodes 173
and the drain electrodes 175.

Many of the above-described features of the TFT array
panel for an LCD shown in FIGS. 3 and 4 may be appro-
priate to the TFT array panel shown in FIGS. 11-13.
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Now, a method of manufacturing the TFT array panel
shown in FIGS. 11-13 according to an embodiment of the
present invention will be described in detail with reference
to FIGS. 11-20B as well as FIGS. 11-13.

FIG. 14A is a layout view of a TFT array panel shown in
FIGS. 11-13 in the first step of a manufacturing method
thereof according to an embodiment of the present inven-
tion; FIGS. 14B and 14C are sectional views of the TFT
array panel shown in FIG. 14A taken along the lines
XIVB-XIVB' and XIVC-XIVC, respectively; FIGS. 15A
and 15B are sectional views of the TFT array panel shown
in FIG. 14A taken along the lines XIVB-XIVB' and XIVC-
XIVC, respectively, and illustrate the step following the step
shown in FIGS. 14B and 14C; FIG. 16A is a layout view of
the TFT array panel in the step following the step shown in
FIGS. 15A and 15B; FIGS. 16B and 16C are sectional views
of the TFT array panel shown in FIG. 16A taken along the
lines XVIB-XVIB' and XVIC-XVIC/, respectively; FIGS.
17A, 18A and 19A and FIGS. 17B, 18B and 19B are
sectional views of the TFT array panel shown in FIG. 16A
taken along the lines XVIB-XVIB' and XVIC-XVIC,
respectively, which illustrate the step following the step
shown in FIGS. 14B and 14C; FIG. 20A is a layout view of
a TFT array panel in the step following the step shown in
FIGS. 19A and 19B; FIGS. 20B and 20C are sectional views
of the TFT array panel shown in FIG. 20A taken along the
lines XXB-XXB' and XXC-XXC', respectively; FIG. 21A is
a layout view of a TFT array panel in the step following the
step shown in FIGS. 20A-20C; and FIGS. 21B and 21C are
sectional views of the TFT array panel shown in FIG. 21A
taken along the lines XXIB-XXIB' and XXIC-XXIC,
respectively.

Referring to FIGS. 14A-14C, a plurality of gate lines 121
including a plurality of gate electrodes 124 and a plurality of
storage electrode lines 131 are formed on a substrate 110 by
depositing and photo-etching a conductive film.

Referring to FIGS. 15A and 15B, a gate insulating layer
140, an intrinsic a-Si layer 150, and an extrinsic a-Si layer
160 are sequentially deposited by CVD such that the layers
140, 150 and 160 bear thickness of about 1,500-5,000 A,
about 500-2,000 A and about 300-600 A, respectively. A
conductive layer 170 including a lower film 701 and an
upper film 702 is deposited by sputtering, and a photoresist
film 50 with the thickness of about 1-2 microns is coated on
the conductive layer 170.

The photoresist film 50 is exposed to light through an
exposure mask (not shown), and developed such that the
developed photoresist has a position dependent thickness.
The photoresist shown in FIGS. 16B and 16C includes a
plurality of first to third portions with decreased thickness.
The first portions located on wire areas A and the second
portions located on channel areas C are indicated by refer-
ence numerals 52 and 54, respectively, and no reference
numeral is assigned to the third portions located on remain-
ing areas B since they have substantially zero thickness to
expose underlying portions of the conductive layer 170. The
thickness ratio of the second portions 54 to the first portions
52 is adjusted depending upon the process conditions in the
subsequent process steps. It is preferable that the thickness
of the second portions 54 is equal to or less than half of the
thickness of the first portions 52, and in particular, equal to
or less than 4,000 A.

The position-dependent thickness of the photoresist is
obtained by several techniques, for example, by providing
translucent areas on the exposure mask as well as transpar-
ent areas and light blocking opaque areas. The translucent
areas may have a slit pattern, a lattice pattern, a thin film(s)
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with intermediate transmittance or intermediate thickness.
When using a slit pattern, it is preferable that the width of
the slits or the distance between the slits is smaller than the
resolution of a light exposer used for the photolithography.
Another example is to use reflowable photoresist. In detail,
once a photoresist pattern made of a reflowable material is
formed by using a normal exposure mask only with trans-
parent areas and opaque areas, it is subject to reflow process
to flow onto areas without the photoresist, thereby forming
thin portions.

The different thickness of the photoresist 52 and 54
enables to selectively etch the underlying layers when using
suitable process conditions. Therefore, a plurality of data
lines 171 including a plurality of source electrodes 173, a
plurality of drain electrodes 175, and an alignment key 178
(shown in FIGS. 2 and 8) for color filter stripes as well as
a plurality of ohmic contact stripes 161 including a plurality
of projections 163, a plurality of ohmic contact islands 165
and a plurality of semiconductor stripes 151 including a
plurality of projections 154 are obtained as shown in FIGS.
16A, 19A and 19B by a series of etching steps.

For descriptive purpose, portions of the conductive layer
170, the extrinsic a-Si layer 160, and the intrinsic a-Si layer
150 on the wire areas A are called first portions, portions of
the conductive layer 170, the extrinsic a-Si layer 160, and
the intrinsic a-Si layer 150 on the channel areas C are called
second portions, and portions of the conductive layer 170,
the extrinsic a-Si layer 160, and the intrinsic a-Si layer 150
on the remaining areas B are called third portions.

An exemplary sequence of forming such a structure is as
follows:

(1) Removal of third portions of the conductive layer 170,
the extrinsic a-Si layer 160 and the intrinsic a-Si layer 150
on the wire areas A,

(2) Removal of the second portions 54 of the photoresist;

(3) Removal of the second portions of the conductive
layer 170 and the extrinsic a-Si layer 160 on the channel
areas C; and

(4) Removal of the first portions 52 of the photoresist.

Another exemplary sequence is as follows:

(1) Removal of the third portions of the conductive layer
170;

(2) Removal of the second portions 54 of the photoresist;

(3) Removal of the third portions of the extrinsic a-Si
layer 160 and the intrinsic a-Si layer 150;

(4) Removal of the second portions of the conductive
layer 170;

(5) Removal of the first portions 52 of the photoresist; and

(6) Removal of the second portions of the extrinsic a-Si
layer 160.

The first example is described in detail.

Referring to FIGS. 17A and 17B, the exposed third
portions of the conductive layer 170 on the remaining areas
B are removed by wet etching or dry etching to expose the
underlying third portions of the extrinsic a-Si layer 160. An
Al containing metal film is preferably wet etched, while a
Mo containing metal film can be etched both by dry etch and
wet etch. The lower and the upper films may be simulta-
neously etched under the same etching condition.

Reference numeral 174 indicates portions of the conduc-
tive layer 170 including the data lines 171 and the drain
electrode 175 connected to each other and lower and upper
films thereof is indicated by 741 and 742, respectively. The
dry etching may etch out the top portions of the photoresist
52 and 54.

In this step, an alignment key 178 for color filter stripes
is completed.
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Referring to FIGS. 18A and 18B, the third portions of the
extrinsic a-Si layer 160 on the areas B and of the intrinsic
a-Silayer 150 are removed preferably by dry etching and the
second portions 54 of the photoresist are removed to expose
the second portions of the conductors 174. The removal of
the second portions 54 of the photoresist are performed
either simultaneously with or independent from the removal
of the third portions of the extrinsic a-Si layer 160 and of the
intrinsic a-Si layer 150. Residue of the second portions 54 of
the photoresist remained on the channel areas C is removed
by ashing.

The semiconductor stripes 151 are completed in this step,
and reference numeral 164 indicates portions of the extrinsic
a-Si layer 160 including the ohmic contact stripes and
islands 161 and 165 connected to each other, which are
called “extrinsic semiconductor stripes.” The lower film 701
of the conductive layer 170, the extrinsic a-Si layer 160, and
the intrinsic a-Si layer 150 are dry-etched in sequence to
simplify the manufacturing process. In this case, the dry
etching of the three film and layers 701, 160 and 150 may
be performed in-situ in a single etching chamber.

Referring to FIGS. 19A and 19B, the second portions of
the conductors 174 and the extrinsic a-Si stripes 164 on the
channel areas C as well as the first portion 52 of the
photoresist are removed.

As shown in FIG. 19B, top portions of the projections 154
of the intrinsic semiconductor stripes 151 on the channel
areas C may be removed to cause thickness reduction, and
the first portions 52 of the photoresist are etched to a
predetermined thickness.

In this way, each conductor 174 is divided into a data line
171 and a plurality of drain electrodes 175 to be completed,
and each extrinsic semiconductor stripe 164 is divided into
an ohmic contact stripe 161 and a plurality of chmic contact
islands 165 to be completed.

Referring to FIGS. 20A-20C, a plurality of color filter
stripes 230R, 230G and 230B are formed by coating pho-
tosensitive organic films respectively containing red, green,
and blue pigments, aligning an exposure mask (not shown)
having an alignment key 55 shown in FIG. 8 with the
substrate 110 by using the alignment keys 178 and 55, and
light exposing and developing the organic films in a sequen-
tial manner.

Referring to FIGS. 19, 20A and 20B, the passivation layer
180, the color filter stripes 230R, 230G and 230B, and the
gate insulating layer 140 are patterned by etch to form a
plurality of contact holes 181, 182 and 185.

Finally, as shown in FIGS. 11-13, a plurality of pixel
electrodes 190 and a plurality of contact assistants 81 and 82
are formed on the color filter stripes 230R, 230G and 230B
by sputtering and photo-etching an ITO or IZ0 layer. The
etching of the IZO film may include wet etching using a Cr
etchant such as HNO,/(NH,),Ce(NO,)/H,O, which does
not erode the exposed Al portions of the gate lines 121, the
data lines 171, and the drain electrodes 175 through the
contact holes 182, 183 and 185.

Since the manufacturing method of the TFT array panel
according to an embodiment simultaneously forms the data
lines 171, the drain electrodes 175, the semiconductors 151,
and the ohmic contacts 161 and 165 using one photolithog-
raphy process, the manufacturing process is simplified by
omitting a photolithography step.

An LCD according to an embodiment of the present
invention is described in detail with reference to FIGS. 22
and 23.

FIG. 22 is a layout view of a TFT array panel according
to another embodiment of the present invention, and FIG. 23



US 7,259,807 B2

13

is a sectional view of the TFT array panel shown in FIG. 22
taken along the lines XXIII-XXIII'".

A plurality of gate lines 121 and a plurality of storage
electrode lines 131 are formed on an insulating substrate
110.

The gate lines 121 extend substantially in a transverse
direction and are separated from each other and transmit
gate signals. Each gate line 121 includes a plurality of
projections forming a plurality of gate electrodes 124 and an
end portion 129 having a large area for contact with another
layer or an external device.

Each storage electrode line 131 extends substantially in
the transverse direction and includes a plurality of projec-
tions forming storage electrodes 133. Fach storage electrode
133 has a shape of a diamond or a rectangle rotated by about
45 degrees and they are located close to the gate lines 121.
The storage electrode lines 131 are supplied with a prede-
termined voltage such as a common voltage, which is
applied to a common electrode (not shown) on a common
electrode panel (not shown).

The gate lines 121 and the storage electrode lines 131
have a multi-layered structure including two films having
different physical characteristics, a lower film and an upper
film. The upper film is preferably made of low resistivity
metal including Al containing metal, Ag containing metal, or
Cu containing metal for reducing signal delay or voltage
drop in the gate lines 121 and the storage electrode lines 131.
On the other hand, the lower film is preferably made of
material such as Cr, Mo, Mo alloy, Ta, or Ti, which has good
physical, chemical, and electrical contact characteristics
with other materials such as ITO or 1Z0. A good exemplary
combination of the lower film material and the upper film
material is Cr and Al—Nd alloy. In FIG. 23, the lower and
the upper films of the gate electrodes 124 are indicated by
reference numerals 241 and 242, respectively, and the lower
and the upper films of the storage electrodes 133 are
indicated by reference numerals 331 and 332, respectively.
The upper film of the end portions 129 of the gate lines 121
are removed at least in part to expose the lower film.

The gate lines 121 and the storage electrode lines 131 may
have a single layer structure or may include three or more
layers.

In addition, the lateral sides of the gate lines 121 and the
storage electrode lines 131 are inclined relative to a surface
of the substrate 110, and the inclination angle thereof ranges
about 30-80 degrees.

A gate insulating layer 140 preferably made of silicon
nitride (SiNx) is formed on the gate lines 121 and the storage
electrode lines 131.

A plurality of semiconductor stripes 151 preferably made
of hydrogenated amorphous silicon (abbreviated as “a-Si”)
or polysilicon are formed on the gate insulating layer 140.
Each semiconductor stripe 151 extends substantially in the
longitudinal direction while it is curved periodically. Each
semiconductor stripe 151 has a plurality of projections 154
branched out toward the gate electrodes 124.

A plurality of ohmic contact stripes and islands 161 and
165 preferably made of silicide or n+hydrogenated a-Si
heavily doped with n type impurity are formed on the
semiconductor stripes 151. Each ohmic contact stripe 161
has a plurality of projections 163, and the projections 163
and the ohmic contact islands 165 are located in pairs on the
projections 154 of the semiconductor stripes 151.

The lateral sides of the semiconductor stripes 151 and the
ohmic contacts 161 and 165 are inclined relative to the
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surface of the substrate 110, and the inclination angles
thereof are preferably in a range between about 30-80
degrees.

A plurality of data lines 171 and a plurality of drain
electrodes 175 separated from each other are formed on the
ohmic contacts 161 and 165 and the gate insulating layer
140.

The data lines 171 for transmitting data voltages extend
substantially in the longitudinal direction and intersect the
gate lines 121 and the storage electrode lines 131. Each data
line 171 has an end portion 179 having a large area for
contact with another layer or an external device and it
includes a plurality of pairs of oblique portions and a
plurality of longitudinal portions such that it curves peri-
odically. A pair of oblique portions are connected to each
other to form a chevron and opposite ends of the pair of
oblique portions are connected to respective longitudinal
portions. The oblique portions of the data lines 171 make an
angle of about 45 degrees with the gate lines 121, and the
longitudinal portions cross over the gate electrodes 124. The
length of a pair of oblique portions is about one to nine times
the length of a longitudinal portion, that is, it occupies about
50-90 percents of the total length of the pair of oblique
portions and the longitudinal portion.

Each drain electrode 175 includes a rectangular or rhom-
bic expansion overlapping a storage electrode 133. The
edges of the expansion of the drain electrode 175 are
substantially parallel to the edges of the storage electrodes
133. Each longitudinal portion of the data lines 171 includes
a plurality of projections such that the longitudinal portion
including the projections forms a source electrode 173 partly
enclosing an end portion of a drain electrode 175. Each set
of a gate electrode 124, a source electrode 173, and a drain
electrode 175 along with a projection 154 of a semiconduc-
tor stripe 151 form a TFT having a channel formed in the
semiconductor projection 154 disposed between the source
electrode 173 and the drain electrode 175.

The data lines 171 and the drain electrodes 175 also
include a lower film 711 and 751 preferably made of Mo, Mo
alloy, Cr, Ta, or Ti and an upper film 712 and 752 located
thereon and preferably made of Al containing metal, Ag
containing metal, or Cu containing metal. In FIG. 2, the
lower and the upper films of the source electrodes 173 are
indicated by reference numerals 731 and 732, respectively.
The upper film 752 of the drain electrodes 175 as well as the
lower film of the end portions 179 of the data lines 171 are
removed at least in part to expose the lower film 751.

Like the gate lines 121 and the storage electrode lines 131,
the data lines 171 and the drain electrodes 175 have inclined
lateral sides, and the inclination angles thereof range about
30-80 degrees.

The ohmic contacts 161 and 165 are interposed only
between the underlying semiconductor stripes 151 and the
overlying data lines 171 and the overlying drain electrodes
175 thereon and reduce the contact resistance therebetween.

A first passivation layer 801 preferably made of silicon
nitride or silicon oxide is formed

A plurality of red, green and blue color filter stripes 230R,
230G and 230B are formed on the data lines 171, the drain
electrodes 175, the storage conductors 177, and the exposed
portions of the semiconductor stripes 151. Each of the color
filter stripes 230R, 230G and 230B are disposed substan-
tially between adjacent two the data lines 171 and extends
substantially in the longitudinal direction with being peri-
odically curved. The color filter stripes 230R, 230G and
230B are not disposed on a peripheral area which is provided
with the end portions 179 of the data lines 171. The color
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filter stripes 230R, 230G and 230B have a plurality of
openings placed on the drain electrodes 175 and having
tapered sidewalls. Edges of adjacent color filter stripes
230R, 230G and 230B exactly match with each other.
However, the edges may overlap to block the light leakage
between the pixel areas.

A passivation layer 180 is formed on the color filter stripes
230R, 230G and 230B. The passivation layer 180 is pref-
erably made of photosensitive organic material having a
good flatness characteristic, low dielectric insulating mate-
rial such as a-Si:C:O and a-Si:O:F formed by plasma
enhanced chemical vapor deposition (PECVD), or inorganic
material such as silicon nitride and silicon oxide.

The passivation layer 180 has a plurality of contact holes
1825 and 1855 exposing the end portions 179 of the data
lines 171 and the drain electrodes 175, respectively. The
passivation layer 180 and the gate insulating layer 140 have
a plurality of contact holes 1815 exposing the end portions
129 of the gate lines 121. The above-described exposed
portions of the lower film 751 are exposed through the
contact holes 1855. The contact holes 1855 are disposed
within the openings of the color filter stripes 230R, 230G
and 230B. The contact holes 1815, 1825 and 1855 can have
various shapes such as polygon or circle. The area of each
contact hole 1815 or 1825 is preferably equal to or larger
than 0.5 mmx15 pm and not larger than 2 mmx60 um. The
sidewalls 181a, 182a and 1854 of the contact holes 1815,
1826 and 1855 are inclined with an angle of about 30-85
degrees or have stepwise profiles.

A plurality of pixel electrodes 190 and a plurality of
contact assistants 81 and 82, which are preferably made of
ITO or 17O, are formed on the passivation layer 180.

Each pixel electrode 190 is located substantially in an area
enclosed by the data lines 171 and the gate lines 121, and
thus it also forms a chevron. The pixel electrodes 190 cover
the storage electrode lines 131 including the storage elec-
trodes 133 and the expansions of the drain electrodes 175
and they have chamfered edges substantially parallel to
edges of the storage electrodes 133 that are close to the
chamfered edges.

The pixel electrodes 190 are physically and electrically
connected to the drain electrodes 175 through the contact
holes 1854 such that the pixel electrodes 190 receive the data
voltages from the drain electrodes 175.

The pixel electrodes 190 overlap the data lines 171 as well
as the gate lines 121 to increase aperture ratio.

The contact assistants 81 and 82 are connected to the
exposed end portions 129 of the gate lines 121 and the
exposed end portions 179 of the data lines 171 through the
contact holes 1815 and 1825, respectively. The contact
assistants 81 and 82 protect the exposed portions 129 and
179 and complement the adhesion between the exposed
portions 129 and 179 and external devices.

The TFT array panel according to this embodiment can be
manufactured by the above-described manufacturing
method of the TFT panel shown in FIGS. 3 and 4. In
particular, an alignment key 178 (shown in FIG. 8) is formed
of the same layer as the data lines 171 and the red, green and
blue color filter stripes 230R, 230G and 2308 are formed by
using the alignment key. Accordingly, the alignment errors
can be minimized and the width of the data lines 171 can be
optimized.

While the present invention has been described in detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and sub-
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stitutions can be made thereto without departing from the
spirit and scope of the present invention as set forth in the
appended claims.

What is claimed is:

1. A method for manufacturing a thin film transistor array

panel, the method comptising:

forming a gate line including a gate electrode on a
substrate;

depositing a gate insulating layer;

forming a semiconductor layer on the gate insulating
layer;

forming an ohmic contact layer on the semiconductor
layer;

forming a data line including a source electrode and a
drain electrode on the ohmic contact layer at least in
part;

forming an alignment key in the same layer as the data
line;

coating a first photosensitive film for a color filter,

aligning a mask for color filter with the substrate provided
with the first photosensitive film using the alignment
key;

forming a first color filter by light exposure and devel-
oping the first photosensitive film; and,

forming a pixel electrode connected to the drain electrode,

wherein the semiconductor layer, the ohmic contact layer,
the data line, and the drain electrode are formed by a
single photolithography step.

2. The method of claim 1, further comprising:

forming a passivation layer under the pixel electrode.

3. The method of claim 2, wherein the passivation layer

is disposed on or under the color filter.

4. The method of claim 3, wherein the passivation layer

includes silicon nitride or silicon oxide.

5. The method of claim 3, wherein the passivation layer

includes organic insulator.

6. The method of claim 1, further comprising:

coating a second photosensitive film for a color filter;

aligning the mask for color filter with the substrate
provided with the second photosensitive film using the
alignment key;

forming a second color filter by light exposure and
developing the first photosensitive film;

coating a third photosensitive film for a color filter;

aligning the mask for color filter with the substrate
provided with the third photosensitive film using the
alignment key; and,

forming a third color filter by light exposure and devel-
oping the first photosensitive film,

wherein the first to the third color filters represent red,
green, and blue colors.

7. The method of claim 6, wherein adjacent two of the first

to the third color filters overlap each other in part.

8. A thin film transistor array panel, comprising:

a gate line including a gate electrode formed on a sub-
strate;

a gate insulating layer deposited on the gate electrode;

a semiconductor layer formed on the gate insulating layer;

an ohmic contact layer formed on the semiconductor
layer;

a data line including a source electrode and a drain
electrode formed at least in part on the ohmic contact
layer;

an alignment key formed in the same layer as the data
line;

a first color filter formed on and aligned with the substrate
using the alignment key; and,
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a pixel electrode connected to the drain electrode,

wherein the first color filter is formed so as to partially

overlap or to be partially overlapped by at least one
adjacent color filter.

9. The panel of claim 8, further comprising:

a passivation layer formed under the pixel electrode.

10. The panel of claim 9, wherein the passivation layer is
disposed above or below the first color filter.

11. The panel of claim 10, wherein the passivation layer
comprises silicon nitride or silicon oxide.

12. The panel of claim 10, wherein the passivation layer
comprises an organic insulator.

13. The panel of claim 8, further comprising:

second and third color filters formed on and aligned with

the substrate using the alignment key, and

wherein the first to the third color filters represent red,

green, and blue colors.

14. The panel of claim 13, wherein adjacent pairs of the
first, second and third color filters partially overlap each
other.

15. The panel of claim 8, wherein the semiconductor
layer, the ohmic contact layer, the data line, and the drain
electrode are formed by a single photolithography step.

16. A method for manufacturing a thin film transistor
array panel, the method comprising:

forming a gate line including a gate electrode on a

substrate;

depositing a gate insulating layer;

forming a semiconductor layer on the gate insulating

layer;

forming an ohmic contact layer on the semiconductor

layer;

forming a data line including a source electrode and a

drain electrode on the ohmic contact layer at least in
part;

forming an alignment key in the same layer as the data

line;

coating a first photosensitive film for a color filter,

providing a mask for making a color filter from the first

photosensitive film;

aligning the mask with the substrate using the alignment

key;
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forming a first color filter by light exposure and devel-
oping the first photosensitive film; and,
forming a pixel electrode connected to the drain electrode,
wherein the first color filter is formed so as to partially
overlap or to be partially overlapped by at least one
adjacent color filter.
17. The method of claim 16, further comprising:
forming a passivation layer under the pixel electrode.
18. The method of claim 17, wherein the passivation layer
is disposed on or under the color filter.
19. The method of claim 18, wherein the passivation layer
includes silicon nitride or silicon oxide.
20. The method of claim 18, wherein the passivation layer
includes an organic insulator.
21. The method of claim 16, further comprising;
coating a second photosensitive film for a second color
filter;
aligning the mask for color filter with the substrate
provided with the second photosensitive film using the
alignment key;
forming a second color filter by light exposure and
developing the first photosensitive film;
coating a third photosensitive film for a color filter;
aligning the mask for color filter with the substrate
provided with the third photosensitive film using the
alignment key; and,
forming a third color filter by light exposure and devel-
oping the first photosensitive film,
wherein the first to the third color filters represent red,
green, and blue colors.
22. The method of claim 21, wherein adjacent two of the
first to the third color filters overlap each other in part.
23. The method of claim 16, wherein the semiconductor
layer, the ohmic contact layer, the data line, and the drain
electrode are formed by a single photolithography step.
24. A thin film transistor array panel manufactured in
accordance with the method of claim 1.
25. A thin film transistor array panel manufactured in
accordance with the method of claim 16.
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