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7) ABSTRACT

A TFT-LCD has a plurality of arrayed pixel regions formed
by a plurality of gate lines extending in a first direction and
a plurality of data lines extending in a second direction,
wherein each data line is perpendicular to each gate line.
Each of the pixel regions has a pixel electrode covering the
rectangular area, a TFT on a first region of the gate line, a
capacitor on a second region of the gate line, and a metal
shielding layer over the intersection of the gate line and the

(22) Filed: Mar. 29, 2002 data Tine.
48ATI
g i
48 ——h e
_\i ST -41B
I '
S ﬁﬂ D
\
40 ———N L —u4
N
\
§ . 352
\ /L S
N \ B 32BA6B
N s
N
N

| |
._:.l



US 2002/0140877 Al

Patent Application Publication  Oct. 3, 2002 Sheet 1 of 11

( LYV d0rdd ) VI 'DId
e
e

o — N\

S~

i

8C——71— ———0C

N&

LXLLL ST A

< N

e\
NT\§§§§§@§@ﬁ&N
<§¢\,Tﬂw\ } .



US 2002/0140877 Al

Oct. 3,2002 Sheet 2 of 11

Patent Application Publication

( 1LYV ¥I0rdd) 91 'OId

e 6¢

: v [
g81 (dyT | V¥T V8I
LT ¢z

y_
N

JIT

aly

I JI

IT I

—_Y



Patent Application Publication  Oct. 3, 2002 Sheet 3 of 11 US 2002/0140877 A1

i

o

o)
o

32B.,468B

—}—146

P —

1
=

B

41B
7

e
S

FIG. 2

e
i + » s 3D
Y AN

Y

i ‘ _

X ] T_

il i =
s 4

—e %‘/}f‘///f/[//////////////

(!

4

%
N

<
<t



Patent Application Publication  Oct. 3, 2002 Sheet 4 of 11 US 2002/0140877 Al

7 “

/ 77

% V)

? .
Z s
y B
N7/ 2 7
vz 5/2/7/////////////////// //VA//A

\ N\

\ I
\ I
\d - §
m\\m\m\m§m
N \

%
32\

™~
o



Patent Application Publication  Oct. 3, 2002 Sheet 5 of 11 US 2002/0140877 A1

Q
o
O
—
&
NN Loeneren s
LU WPIIIRTE T AT EI I
N
> Q
N\ n
m .
) N\ =
N
]\ ) \
/1 <
1) \
> / \
¥z <//,£////7/]7)’/f72’z72//fz\////ﬂ

32



Patent Application Publication  Oct. 3, 2002 Sheet 6 of 11 US 2002/0140877 A1

= =3
* %
hT }
]
m
(o
N
=
-y e A
- T —
= ~— ] ud
3
< N M
<t <
© =
< = -
oy
(a4}
<+ L
[2a}
= e L
~ —~ ]
j -
AF
_ 110
o /1 -J‘
A}
A |-
/ 7]
; »
i 2 (1
A
QO T —
Fonenenoh



US 2002/0140877 Al

Oct. 3,2002 Sheet 7 of 11

Patent Application Publication

A

L
1

<wm ' fes, 2. a4t S0, 0 e

NN SN NN NN

<
i
<

| . ]

0s—" 20$ 10S  €0S Z0S €£0S 108 10§
- A | I >
11 I 1 0 I I




US 2002/0140877 Al

Oct. 3,2002 Sheet 8 of 11

Patent Application Publication

gce

dy DId

vie 9 14" 44

= R I\
pp — g ~ et I K
¢S
agc (dIv  VIF|Vse
6v LY

349 s 34 €S THS E¥S TS €S ebS THS  EvS

~ ~ ~ ¢ ~ N ( B —
ps-"

- | I | I .

11 I JX 10 I I




US 2002/0140877 Al

Oct. 3,2002 Sheet 9 of 11

Patent Application Publication

dce

oc-f J {

L~ 1€
ve L LT \ . 4 ¢
.W.V.I\ x \ | R .......—...... e ————— \.@m

ﬂ 1 —8¢
“ S S S S SSS—Ob
_ I o 4%
g8¢ dly VIv V8¢t 14
le | |< > fe -]
JII I I IT I 1



Patent Application Publication  Oct. 3,2002 Sheet 10 of 11  US 2002/0140877 Al

46B

a) - 8

32B

FIG. 5A

O >

B,V
-

L N n
—

42
,—ﬂ\/'

< \ * Y

00—~ PN &

< ZL \f/////////j//7//////// FIIY4
Z\\ N
00 o
<t <



US 2002/0140877 Al

Oct. 3,2002 Sheet 11 of 11

Patent Application Publication

gce ace
12 (43 ﬁ mNmA 43

Ve
\ [
|

“ [

I
— P
1 aa g 2e o adr ST, 2N 41\©ﬂ
~ ///////////nllw.w
dge dIv VIv V8¢
a > | > | -
JIT 11X I Im.I 1



US 2002/0140877 Al

THIN FILM TRANSISTOR FOR LIQUID CRYSTAL
DISPLAY AND METHOD OF FORMING THE
SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display (LCD)) using thin film transistors (TFTs) as its
active devices and method of forming the same, and more
particularly, to a TFT formed using an attenuated mask.

[0003]

[0004] Liquid crystal displays (LCDs) are a well known
form of flat panel displays. As is well known to those in the
art, when a voltage is applied to the LCD, liquid crystal
molecules are rearranged to result in various photo-elec-
tronic effects. The LCD using thin film transistors (TFTs) as
its active devices, TFI-LCD, has advantages of low power
consumption, lightweight, thin profile and low driving volt-
age.

[0005] FIG. 1A is a top view showing a conventional
TFT-LCD. The conventional TFT-LCD has a plurality of
display regions 2 formed in array by transverse-extending
gate lines 12 and lengthwise-extending data lines 20, in
which each display region 2 has a pixel electrode 28, a TFT
structure 4 and a capacitor 6. The TFT structure 4 has a
source electrode 24A ¢lectrically connected to an extending
portion of the data line 20, and a drain electrode 24B
electrically connected to the pixel electrode 28.

[0006] FIG. 1B is a sectional diagram along lines I-I', IT-1T'
and III-IITI'" shown in FIG. 11A. In the conventional TET
process, a first metal layer is deposited on a glass substrate
10, and then patterned by using a first mask so as to form the
gate line 12, in which a first predetermined region of the gate
line is used as a gate electrode 12A and a second predeter-
mined region of the gate line 12 is used as a storage capacitor
12B. Next, an insulating layer 14, an amorphous silicon
(a-Si) layer 16, an n*-doped a-Si layer 18 and a second metal
layer are successively deposited on the entire surface of the
glass substrate 10. Thereafter, using a second mask, the
second metal layer is patterned to serve as the data line 20,
an upper capacitor plate 22 and a source/drain metal layer
24, wherein an island structure consisting of the source/drain
metal layer 24, the n*-doped a-Si layer 18 and the a-Si layer
16 is formed over the gate electrode 12A.

[0007] Then, using a third mask, a first opening 25 is
formed on the island structure, thus the source/drain metal
layer 24 is patterned to be the source electrode 24A and the
drain electrode 24B. After removing the n*-doped a-Si layer
18 within the first opening 285, the remaining part of the
n*-doped a-Si layer 18 serves as a source region 18A and a
drain region 18B, and the exposed region of the a-Si layer
16 serves as a channel. Next, a protection layer 26 is
deposited and patterned by a fourth mask, thus a second
opening 27 is formed to expose the drain electrode 24B and
a third opening 29 is formed to expose the upper capacitor
plate 22. Finally, an indium tin oxide (ITO) layer is depos-
ited to fill the second opening 27 and the third opening 29,
and then patterned by a fifth mask so as to serve as the pixel
electrode 28.

1. Field of the Invention

2. Description of the Related Art
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SUMMARY OF THE INVENTION

[0008] The present invention provides a TFT-LCD and a
method of forming the same to increase the aperture ratio,
increase yield and decrease process costs.

[0009] The TFT-LCD has a plurality of arrayed pixel
regions and formed by a plurality of gate lines extending in
a first direction and a plurality of data lines extending in a
second direction, wherein each data line is perpendicular to
each gate line. Each of the pixel regions has a pixel electrode
covering the rectangular area, a TFT on a first region of the
gate line, a capacitor on a second region of the gate line, and
a metal shielding layer over the intersection of the gate line
and the data line.

[0010] A method of forming the TFT-LCD comprises
steps of: providing a substrate; depositing and patterning a
first metal layer on the substrate to form a gate line and a
predetermined data line, wherein a first region of the gate
line serves as a gate electrode and a second region of the gate
line serves as a storage capacitor; successively forming an
insulating layer, a first semiconductor layer, a second semi-
conductor layer and a second metal layer on the entire
surface of the substrate; using the predetermined data line as
mask to pattern the second metal layer as a data line, and
forming an island structure having the second metal layer,
the second semiconductor layer and the first semiconductor
layer over the gate electrode; forming a first opening on the
island structure to separate the second metal layer as a
source electrode and a drain electrode and separate the
second metal layer as a source region and a drain region, and
removing the second metal layer and the second semicon-
ductor layer over the storage capacitor; forming a protection
layer having a second opening on the intersection of the data
line and the gate line, a third opening on the source elec-
trode, a fourth opening on the drain electrode, and a fifth
opening over the capacitor storage, wherein the fifth opening
passes through the protection layer and the first semicon-
ductor layer over the capacitor storage; and forming a
transparent conductive layer to fill the second opening, the
third opening, the fourth opening and the fifth opening, and
patterning the transparent conductive layer as a metal shield-
ing layer, a pixel electrode, and an upper capacitor plate. The
metal shielding layer fills the second opening and covers the
intersection of the gate line and the data line and extends to
fill the third opening, the pixel electrode fills the fourth
opening and covers a rectangular region formed by the gate
line and the data line, and the upper capacitor plate fills the
fifth opening and covers the storage capacitor.

[0011] Accordingly, it is a principal object of the invention
to use three masks and two attenuated masks to pattern the
TFT-LCD.

[0012] Tt is another object of the invention to use the final
mask to pattern the pixel electrode, the upper capacitor plate
and the metal shielding layer at the same step.

[0013] Yet another object of the invention is to increase
yield and decrease process costs of the TFT-LCD process

[0014] Tt is a further object of the invention to form the
upper capacitor plate of transparent conductive materials to
increase the aperture ratio of the TFT-LCD.

[0015] Still another object of the invention is to provide
the metal shielding layer to modulate the controlling voltage
and solve the problem caused by the peripheral high-
resistance circuits.
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[0016] These and other objects of the present invention
will become readily apparent upon further review of the
following specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1A is a top view showing a conventional
TFT-LCD.
[0018] FIG. 1B is a sectional diagram along lines [-I', II-1T'

and III-III' shown in FIG. 1A.

[0019] FIG. 2 is a top view showing a TFT-LCD accord-
ing to the first embodiment of the present invention.

[0020] FIGS. 3A to 3D are top views showing the method
of forming the TFT-LCD shown in FIG. 2.

[0021] FIGS. 4A 10 4E are sectional views along lines I-I',
II-IT', III-1ITI' shown in FIG. 3.

[0022] FIG. 5Ais a top view showing a TFT-L.CD accord-
ing to the second embodiment of the present invention.

[0023] FIG. 5B is a sectional view along lines I-I', II-IT
III-I11, shown in FIG. 5A.

[0024] Similar reference characters denote corresponding
features consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

[0025] FIG. 2 is a top view showing a TFT-LCD accord-
ing to the first embodiment of the present invention. The
TFT-LCD has a plurality of display regions D formed in
array by transverse-extending gate lines 32 and lengthwise-
extending data lines 40, in which each display region D has
a pixel electrode 46, a TFT structure 42, a capacitor 52 and
a metal shielding layer 48. The metal shielding layer 48 is
formed over the intersection of the data line 40 and the gate
line 32 to modulate the controlling voltage and solve the
problem caused by the peripheral high-resistance circuits.
The TFT structure 42 has a gate electrode formed on a first
region of the gate line 32, a source electrode 41A electrically
connected to an extending portion 48A of the data line 40
through the metal shiclding layer 48, and a drain electrode
41B electrically connected to the pixel electrode 46. The
capacitor 52 has a storage capacitor 32B formed on a second
region of the gate line 32, and an upper capacitor plate 46B
formed on a part of the pixel electrode 46 that covers the
storage capacitor 32B. In addition, the pixel electrode 46, the
upper capacitor plate 46B and the metal shielding layer 48
can be formed at the same time by depositing and patterning
an [TO layer, thus the TFT-LCD has a higher aperture ratio.

[0026] FIGS. 3A to 3D are top views showing the method
of forming the TFT-LCD shown in FIG. 2. FIGS. 4A to 4E
are sectional views along lines I-I', II-II', III-III' shown in
FIG. 3. As shown in FIGS. 3A and 4A, a first metal layer
is deposited on a glass substrate 30, and then patterned by
photolithography and etching with a first mask to form the
gate line 32, the gate electrode 32A on the first region of the
gate line 32, the storage capacitor 32B on the second region
of the gate line 32, and a predetermined data line 31. Next,
as shown in FIGS. 3B and 4B, an insulating layer 34 of
silicon oxide/silicon nitride, a first semiconductor layer 36
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of amorphous silicon, a second semiconductor layer 38 of
n*-doped amorphous silicon, and a second metal layer 39 are
successively deposited on the entire surface of the glass
substrate 30. Then, using photolithography and etching with
the gate line 32 and the predetermined data line 31 as the
mask, part of the second metal layer 39, the second semi-
conductor layer 38 and the first semiconductor layer 36 are
removed, thus the second metal layer 39 over the predeter-
mined data line 31 is patterned to be the data line 40. Also,
an island structure consisting of the second metal layer 39,
the second semiconductor layer 38 and the first semicon-
ductor layer 36 is formed over the gate electrode 32A, in
which the second metal layer 39 over the gate electrode 32A
serves as a source/drain metal layer 41.

[0027] As shown in FIGS. 3C and 4C, in the slit process,
photolithography and etching with a first attenuated mask 50
and a positive-type photoresist are employed to form a first
opening 43 on the island structure to expose the first
semiconductor layer 36. Therefore, the source/drain metal
layer 41 is separated to serve as the source electrode 41 A and
the drain electrode 41B, the second semiconductor layer 38
is separated to serve as a source region 38A and a drain
region 38B, and the exposed region of the first semiconduc-
tor layer serves as a channel. In addition, the first semicon-
ductor layer 36 over the storage capacitor 32B is exposed in
the slit process.

[0028] The first attenuated mask 50 comprises a quartz
plate and a cap layer that is defined as a first area 501, a
second area 502 and a third area 503. The first area 501,
made of transparent materials, has 100% transparency. The
second area 302, preferably of MoSi, has 70-90% transpar-
ency to serve as a phase-shifting layer. The third area 503,
preferably of chromium (Cr), has approximately 0% trans-
parency to serve as an opaque layer. When the first attenu-
ated mask 350 is utilized to perform the photolithography
process on the positive-type photoresist, the areas 501, 502
and 503 having different transparencies make corresponding
areas on the positive-type photoresist respectively receive
different light intensity to achieve an incomplete exposure
result. Thus, each etched depth of the corresponding areas on
the positive-type photoresist is different, resulting in differ-
ent etch depth of the corresponding areas on the depositing
layers during the subsequent etching. Also, if the relation-
ship between the areas 501, 502 and 503 is appropriately
replaced, the first attenuated mask 50 can be applied in
shaping a negative-type photoresist to the same profile.

[0029] As shown in FIGS. 3D and 4D, after depositing a
protection layer 44 of silicon nitride on the entire surface of
the glass substrate 30, another slit process with a second
attenuated mask 54 and a positive-type photoresist is
employed to form a second opening 45, a third opening 47
and a fourth opening 49. The second attenuated mask 54
comprises a first area 541 with 100% transparency, a second
area 542 with 15-30% transparency and a third area 543 with
0% transparency. Accordingly, in the protection layer 44, the
second opening 45 is formed over the intersection of the gate
line 32 and the data line 40, the third opening 47 is formed
over the source electrode 41A, and the fourth opening 49 is
formed over the drain electrode 41B. Moreover, over the
storage capacitor 32B, the protection layer 44 and the first
semiconductor layer 36 can be removed to form a fifth
opening 55. In addition, modulating the transparency of the
corresponding areas 541, 542, 543 and corresponding
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parameters of the slit process, the thickness of the insulating
layer 34 on the storage capacitor 32B can be reduced to
increase the capacitance of the capacitor 52.

[0030] As shown in FIG. 4E, an ITO layer is deposited on
the entire surface of the glass substrate 30 to fill the second
opening 45, the third opening 47, the fourth opening 49 and
the fifth opening 55. Then, using photolithography as etch-
ing with a third mask, the ITO layer is patterned to serve as
the pixel electrode 46, the upper capacitor plate 46B, the
metal shielding layer 48 and the extending portion 48A of
the data line 40. In another case, etching the ITO layer may
be replaced by lift-off process.

[0031] Compared with the conventional TFT-LCD pro-
cess, the present invention uses three masks and two attenu-
ated masks to pattern the TFT-LCD, and the present inven-
tion uses the final mask to pattern the pixel electrode 46, the
upper capacitor plate 46B and the metal shielding layer 48
at the same step. Therefore, the present invention increases
yield and decreases process costs of the TFT-LCD process.
Also, since the ITO layer is used to form the upper capacitor
plate 46B, the aperture ratio of the TFT-LCD is increased.
Furthermore, the metal shielding layer 48 is provided to
modulate the controlling voltage and solve the problem
caused by the peripheral high-resistance circuits.

Second Embodiment

[0032] FIG. 5A is a top view showing a TFT-LCD accord-
ing to the second embodiment of the present invention. FIG.
5B is a sectional view along lines I-I', I1-IT', III-III, shown in
FIG. 5A. In order to improve the capacitance of the capaci-
tor 52, the profile of the storage capacitor 32B is modified
from a rectangular structure to a plurality of strips with
tapered sidewalls, resulting in an increase in the total surface
area of the storage capacitor 32B. The fabrication of the
TFT-LCD of the second embodiment is the same as the steps
described in the first embodiment,

[0033] Tt is to be understood that the present invention is
not limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the
following claims.

What is claimed is:
1. A TFI-LCD, comprising:

a plurality of parallel gate lines extending in a first
direction;

a plurality of parallel data lines extending in a second
direction, wherein each of the data lines is perpendicu-
lar to each of the gate lines; and

a plurality of arrayed pixel regions, wherein each of the
pixel regions is a rectangular area formed by two
adjacent gate lines and two adjacent data lines;

wherein each of the pixel regions comprises a pixel
electrode covering the rectangular area, a TFT on a first
region of the gate line, a capacitor on a second region
of the gate line, and a metal shielding layer over the
intersection of the gate line and the data line.
2. The TFT-LCD according to claim 1, wherein the metal
shielding layer is connected to the data line.
3. The TFT-LCD according to claim 1, wherein the metal
shielding layer has an extending portion that is connected to
the drain electrode.
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4. The TFT-LCD according to claim 2, wherein the metal
shielding layer is indium tin oxide (ITO).

5. The TFT-LCD according to claim 1, wherein the
capacitor comprises a storage capacitor formed on the
second region of the gate line, and an upper capacitor plate
formed using a part of the pixel electrode over the storage
capacitor.

6. The TFT-LCD according to claim 5, wherein the upper
capacitor plate is indium tin oxide (ITO).

7. The TFT-LCD according to claim 5, wherein the
storage capacitor is a plurality of strips with tapered side-
walls that are in parallel and on a protruding portion of the
second region of the gate line.

8. The TFT-LCD according to claim 1, wherein the pixel
electrode is indium tin oxide (ITO).

9. A method of forming a TFT-LCD, comprising steps of:

providing a substrate;

depositing and patterning a first metal layer on the sub-
strate to form a gate line and a predetermined data line,
wherein a first region of the gate line serves as a gate
electrode and a second region of the gate line serves as
a storage capacitor;

successively forming an insulating layer, a first semicon-
ductor layer, a second semiconductor layer and a sec-
ond metal layer on the entire surface of the substrate;

using the predetermined data line as a mask to pattern the
second metal layer as a data line, and forming an island
structure having the second metal layer, the second
semiconductor layer and the first semiconductor layer
over the gate electrode;

forming a first opening on the island structure to separate
the second metal layer as a source electrode and a drain
¢lectrode and separate the second metal layer as a
source region and a drain region, and removing the
second metal layer and the second semiconductor layer
over the storage capacitor;

forming a protection layer having a second opening on the
intersection of the data line and the gate line, a third
opening on the source electrode, a fourth opening on
the drain electrode, and a fifth opening over the capaci-
tor storage, wherein the fifth opening passes through
the protection layer and the first semiconductor layer
over the capacitor storage; and

forming a transparent conductive layer to fill the second

opening, the third opening, the fourth opening and the

fifth opening, and patterning the transparent conductive

layer as a metal shielding layer, a pixel electrode, and

an upper capacitor plate, wherein the metal shielding

layer fills the second opening and covers the intersec-

tion of the gate line and the data line and extends to fill

the third opening, the pixel electrode fills the fourth

opening and covers a rectangular region formed by the

gate line and the data line, and the upper capacitor plate

fills the fifth opening and covers the storage capacitor.

10. The method according to claim 9, wherein the storage

capacitor is a bulk structure and protrudes from the second
region of the gate line.

11. The method according to claim 9, wherein the storage

capacitor is a plurality of strips with tapered sidewalls that
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are in parallel and on a protruding portion of the second
region of the gate line.

12. The method according to claim 9, wherein the insu-
lating layer is formed by a silicon oxide layer and silicon
nitride layer.

13. The method according to claim 9, wherein the first
semiconductor layer is amorphous silicon.

14. The method according to claim 9, wherein the second
semiconductor layer is doped amorphous silicon.
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15. The method according to claim 9, wherein the trans-
parent conductive layer is indium tin oxide (ITO).

16. The method according to claim 9, wherein the first
opening is formed using a first attenuated mask.

19. The method according to claim 9, wherein the second
opening, the third opening, the fourth opening and the fifth
opening are formed using a second attenuated mask.

#® #* *® #* %
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