U8008040452B2

a2y United States Patent (10) Patent No.: US 8,040,452 B2
Qiu et al. 45) Date of Patent: Oct. 18, 2011
(54) MANUFACTURING METHOD FOR A THIN (51) Int.CL
FILM TRANSISTOR-LIQUID CRYSTAL GO2F 1/136 (2006.01)
DISPLAY HAVING AN INSULATING LAYER GO2F 1/1343 (2006.01)
EXPOSING PORTIONS OF A GATE ISLAND GO2F /13 (2006.01)
(52) US.CL .o 349/43; 349/148,349/187
(75) lnventors: Haijun Qiu, Beijing (CN); Zhangtao (58) Field of Classification Search ................. 349/42,
Wang, Beijing (CN); Xu Chen, Beijing L 349/43, 147, 148, 187, 438/30
(CN); Tae Yup Min, Beijing (CN) See application file for complete search history.
(73) Assignee: Beijing BOE Optoelectronics (56) References Cited
Technology CO., Ltd., Bel]lng (CN) U.S. PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this 2902/ 0158994 ‘.M * 102002 Hashimotoetal. .......... 349/43
patent is extended or adjusted under 35 ¥ cited by examiner
g
US.C.134(b) by 0 days. Primary Examiner — Mark Robinson
(21) Appl NO . 13/069 767 ASSiSZanZExaminer — Paul Lee
T ’ (74) Attorney, Agent, or Firm —Hasse & Nesbitt LLC;
(22) Filed:  Mar. 23,2011 Daniel . Nesbitt
(65) Prior Publication Data (57) ABSTRACT
A pixel unit of TFT-LCD array substrate and a manufacturing
US 2011/0171767 Al Jul. 14,2011 method thereof is disclosed. 1n the manufacturing method,
. besides a first insulating layer and a passivation layer, a sec-
Related U.S. Application Data ond insulating layer is adopted to cover the gate island, and
(62) Division of application No. 11/834,118, filed on Aug. ~ forms an opening on the gate island to expose the channel
6, 2007, now Pat. No. 7,916,230. region, the source region and the drain region of the TFT. A
gray tone mask and a photoresist lifting-off process are uti-
(30) Foreign Application Priority Data lized to perform patterning, so that the TFT-LCD array sub-
strate can be achieved with just three masks.
Aug.4,2006  (CN) cccvcoerccc 2006 1 0103865
Aug.4,2006 (CN) oo 2006 1 0103866 7 Claims, 8 Drawing Sheets

40
-~ 7
46 /-——4

TR \30\ A 33,
\ \ ol 53 ;L

52 =~ 7




U.S. Patent Oct. 18, 2011 Sheet 1 of 8 US 8,040,452 B2

Fig. 1a
4
2 2%
25 23 -
.
7
s P 7 0 O F e T R o o e o s o o e e o ]
Fig. 1b
STy 20

Fig. 1¢



U.S. Patent Oct. 18, 2011 Sheet 2 of 8 US 8,040,452 B2

Fig. 2a

26‘—\




U.S. Patent Oct. 18, 2011 Sheet 3 of 8 US 8,040,452 B2

W r@ T

wllll LITTS VIS |

Fig. 2d

45—

sde a7

40 —

44—

=141




U.S. Patent Oct. 18, 2011 Sheet 4 of 8 US 8,040,452 B2

32
31
30 /\
X‘__l \ [ s,
44 N
:Jnmm:mmnm:Jn
SIS LSLASLTITLLSSLISSSSTIT TS LSSTAA.
Fig.3b
32
3 —— 5 ,/ — 30
- g S [
30 N ’
f 53 §|
: -
Fig. 3¢
[
N—= et e

e L

—
| /S EELLL S SIS 1LY, SALLLE AT

Fig. 3d

33

f33 f Tl/__ 12

Fig. 3e

52—~ 7/

334<ﬁ3°\ el el I
A 5

1

53

W

Fig. 3f



U.S. Patent Oct. 18, 2011 Sheet 5 of 8 US 8,040,452 B2

Fig. 4a

125 2 122 120
121 \

AATHIHRHATAIRATILTTATTITLAALAL AR IR ALTTTLTLTLITERLAL, A TRALA LT AL R IR AAAALT SHRLHLZ AT AAALLLLLTLRR AT AR LR LLT AR L VR VAR R ALV R WL AR AR AR LY

N~ 7
L ELLLLLSS LT SSLASAY, Al AT TS AL LS LS LTS LSS LS AL LSS AT AL L LI SALTSISL, SIS A LI LA SIS %

Fig. 4b

143

Fig. 4¢c



U.S. Patent Oct. 18, 2011 Sheet 6 of 8 US 8,040,452 B2

145 —

AR

149 —

144——

tm
7
Lo\
_
1

\\V
Z
7

N\

Fig. Sa

128 130




U.S. Patent Oct. 18, 2011 Sheet 7 of 8 US 8,040,452 B2

145 —

RN

140 —

144

N\

131

127 \/\

’
14
%{II{I/I’I/I!IJ IS SIS LA ;
T

Fig. 6b

‘ g I
:1 F 7
= /\/
SIS SIS R LT

Fig. 6¢




U.S. Patent Oct. 18, 2011 Sheet 8 of 8 US 8,040,452 B2
133
B~ — 120
NPT A AN

—
| AL A AT T T LA TS TS LA IS, w2l

Fig. 6d
133\/\ 120
Y 1 l/
i /\/
T y
Fig. 6e
133 144 . 146 120 147
\\ N\ 151 152 / f_
153 /\J
R L

Fig, 6



US 8,040,452 B2

1

MANUFACTURING METHOD FOR A THIN
FILM TRANSISTOR-LIQUID CRYSTAL
DISPLAY HAVING AN INSULATING LAYER
EXPOSING PORTIONS OF A GATE ISLAND

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. Ser. No.
11/334,118 filed Aug. 6, 2007, now U.S. Pat. No. 7,916,230
which claims the priority of Chinese Patent Application Nos.
CN200610103866.0 and CN 200610103865.6 both filed
Aug. 4, 2006, the disclosures of which are incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention relates to a thin film transistor liquid
crystal display (TFT-LCD) array substrate and a manufactur-
ing method thereof, and more particularly, to a TFT-LCD
array substrate manufactured with three masks and a manu-
facturing method thereof.

BACKGROUND OF THE INVENTION

A liquid crystal display (LCD) comprises an upper sub-
strate, a lower substrate, and a liquid crystal layer interposed
therebetween. A common electrode and color filters are
formed on the upper substrate, which is generally called a
color filter substrate. The lower substrate is generally called
anarray substrate, on which a plurality of gate lines parallel to
each other and a plurality of data lines parallel to each other
are formed. The gate lines and data lines intersect with each
other orthogonally, defining a plurality of pixel units in a
matrix on the substrate. In each of the pixel unit, a pixel
electrode and a switching element such as a thin film transis-
tor (TFT) connected with the pixel electrode are included.
The gate electrode of the TFT is connected with one of the
gate lines, and the source electrode of the TFT is connected
with one of the data lines.

The conventional method of manufacturing a TFT-LCD
array substrate generally employs a five-mask (SMask) tech-
nology or a four-mask (4Mask) technology. The 4Mask tech-
nology performs etching on both the source/drain metal layer
and the active layer in the channel region of the TFT by using
a gray tone mask. Such conventional 4Mask technology com-
prises the following steps.

Firstly, a gate metal layer is formed on the substrate by a
conventional gate process, and then a gate insulating layer is
formed by depositing.

Secondly, a semiconductor layer (active layer), a doped
layer (ohmic contact layer), a source/drain metal layer are
deposited sequentially on the substrate. A gate island of the
TFT is formed by coating a photoresist layer and patterning
with a gray tone mask, an ashing process is performed on the
photoresist layer to expose the channel region of the TFT, the
source/drain metal layer in the channel region is etched, and
thereafter the doped layer and the active layer in the channel
region are etched. Since it is necessary to etch the metal layer,
the doped layer, and the active layer in the above processes,
the photoresist in the gray toned region in the channel portion
should be controlled strictly. In addition, there are strict
requirements on the selection ratio and uniformity of the
etching, and accordingly there are strict requirements on the
process tolerance.

SUMMARY OF THE INVENTION

One object of the present invention is to overcome the
drawbacks in the related arts by providing a pixel unit of a
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TFT-LCD array substrate and the manufacturing method
thereof, which not only can reduce the requirements on the
process tolerance and simplifies the design of the TFT but
also can obtain the array substrate with just reduced masks.

To achieve the above object, one embodiment according to
the present invention provides a pixel unit of a TFT-LCD
array substrate, comprising: a substrate; a TFT formed on the
substrate; a passivation layer covering the TFT; and a pixel
electrode connected with the TFT. The TFT comprises: a gate
island formed by a gate electrode, a first insulating layer, an
active layer, and an ohmic contact layer stacked sequentially
on the substrate, wherein the ohmic contact layer is formed in
asourceregion and a drain region and exposes the active layer
in a channel region; a second insulating layer, covering the
gate island and forming on the gate island an opening which
exposes the source region, the drain region and the channel
region; a source electrode and drain electrode, formed on the
second insulating layer and electrically connected with the
ohmic contact layer in the source region and the drain region,
respectively. The pixel electrode is formed on the second
insulating layer and is connected with the drain electrode of
the TFT.

Another embodiment according to the present invention
provides a manufacturing method of a pixel unit of a TFT-
LCD array substrate, comprising the steps of: depositing
sequentially on a substrate stacked layers of a gate metal
layer, a first gate insulating layer, an active layer, and an
ohmic contact layer, and then patterning the stacked layers to
form a gate island; depositing sequentially a second insulat-
ing layer and a source/drain metal layer on the substrate,
patterning the second insulating layer and the source/drain
metal layer, forming a source electrode on the second insu-
lating layer, and forming an opening on the gate island to
expose the ohmic contact layer in a source region, a drain
region, and a channel region of the TFT; depositing a pixel
electrode material layer on the substrate, patterning the pixel
electrode material layer and the ohmic contact layer exposed
in the opening so that the ohmic contact layer on the channel
region is removed, the source electrode is connected with the
ohmic contact layer in the source region via the pixel elec-
trode material layer on the source electrode, the drain elec-
trode and the pixel electrode connected with each other are
formed on the second insulating layer, and the drain electrode
is connected with the ohmic contact layer in the drain region;
and depositing a passivation layer on the substrate to cover the
TFT.

Further another embodiment according to the present
invention provides another manufacturing method of a pixel
unit of a TFT-LCD array substrate, comprising the following
steps of: depositing sequentially on a substrate stacked layers
of a gate metal layer, a first gate insulating layer, an active
layer, and an ohmic contact layer, and then patterning the
stacked layers to form a gate island; depositing sequentially a
second insulating layer and a pixel electrode material layer on
the substrate, patterning the second insulating layer and the
pixel electrode material layer, so as to form an opening on the
gate island to expose the ohmic contact layer in a source
region, a drain region, and a channel region of the TFT, and
form a pixel electrode; depositing a source/drain metal layer
on the substrate, and patterning the ohmic contact layer
exposed in the opening and the source/drain metal layer, so as
to form on the second insulating layer a source electrode
connected with the ohmic contact laver in the source region
and a drain electrode connected with the ohmic contact layer
in the drain region, and remove the ohmic contact layer on the
channel region; and depositing a passivation layer on the
substrate.
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Compared with the conventional manufacturing method of
array substrate in the related art, besides a first insulating
layer (a gate insulating layer) and a passivation layer, the pixel
unit and the method according to the present invention form a
second insulating layer to cover the gate island, form an
opening on the gate island to expose the channel region of
TFT as well as the source region and the drain region, and
conduct patterning with a gray tone mask and a photoresist
lifting-off process, so that the TFT-LCD array substrate is
possible to be completed with just three masks, which
increases the feasibility of the process, reduces the manufac-
turing cost of the array substrate process and occupied time of
the equipment, and improves productivity.

The present invention will be described in detail by refer-
ence to the accompanying drawings and the preferred
embodiments.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1a is a plan view showing a pixel after patterning with
the first mask according to the first embodiment of the present
invention;

FIGS. 15 and 1c¢ are cross-sectional views along the line
A-A'in FIG. 1 during patterning with the first mask accord-
ing to the first embodiment;

FIG. 2a is a plan view showing a pixel after patterning with
the second mask (a gray tone mask) according to the first
embodiment of the present invention;

FIG. 2b-2f are cross-sectional views along the line B-B'in
FIG. 2a during patterning with the second mask according to
the first embodiment;

FIG. 3a is a plan view showing a pixel after patterning with
the third mask (a gray tone mask) according to the first
embodiment of the present invention;

FIG. 3b-3f are cross-sectional views along the line C-C'in
FIG. 3a during patterning with the second mask according to
the first embodiment;

FIG. 4a is a plan view showing a pixel after patterning with
the first mask according to the second embodiment of the
present invention;

FIGS. 4b and 4c are cross-sectional views along the line
D-D' in FIG. 4a during patterning with the first mask accord-
ing to the second embodiment;

FIG. 5a is a plan view showing a pixel after patterning with
the second mask according to the second embodiment of the
present invention;

FIG. 55-5d are cross-sectional views along the line E-E'in
FIG. 5a during patterning with the second mask according to
the second embodiment;

FIG. 6a is a plan view showing a pixel after patterning with
the third mask (a gray tone mask) according to the second
embodiment of the present invention;

FIG. 6b-6f are cross-sectional views along the line F-F' in
FIG. 6a during patterning with the third mask according to the
second embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the TFT LCD array sub-
strate according to the present invention will be described in
detail with reference to the accompanying drawings.

The First Embodiment

The TFT-LCD array substrate and the manufacturing
method thereof according to the first embodiment of the
present invention will be described in detail with reference to
FIGS. 1a-3f.
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To manufacture an array substrate, as shown in FIG. 15, in
the beginning a gate metal layer 21 is deposited on a clean
substrate (e.g., aglass or quartzsubstrate) 20, a first insulating
layer (a gate insulating layer) 22 is deposited on the gate metal
layer 21, an active layer (a semiconductor layer) 23 is depos-
ited on the first insulating layer 22, and an ohmic contact layer
24 is deposited on the active layer 23.

The gate metal layer 21 may be a single-layer film of AINd,
Al, Cu, Mo, MoW or Cr, or a composite film of any combi-
nation of AINd, Al, Cu, Mo, MoW, and Cr.

The first insulating layer 22 may be a single-layer film of
SiNx, SiOx, or SiOxNy, or a composite film of any combina-
tion of SiNx, SiOx, and SiOxNy.

The active layer 23 may be for example a semiconductor
layer of mono-crystalline silicon, amorphous silicon (a-Si),
polycrystalline silicon (p-Si) and the like.

The ohmic contact layer 24 may be a doped semiconductor
layer, e.g., n+ doped a-Si or p+ doped a-Si, and also may be a
microcrystalline silicon layer.

The methods for depositing the above layers are generally
known in the art, e.g., sputtering, plasma enhanced chemical
vapor deposition (PECVD), atmospheric pressure chemical
vapor deposition and the like.

The stacked layers of the above-mentioned gate metal layer
21, the first insulating layer 22, the active layer 23, and the
ohmic contact layer 24 are patterned with a first mask to form
a gate pattern, which comprises a gate electrode 42 and a gate
line 41. The gate electrode 42 together with the first insulating
layer 22, the active layer 23, and the ohmic contact layer 24
formed thereon forms a gate island 43 for the thin film tran-
sistor (TFT) 40. FIG. 1a is a plan view of the substrate after
patterning with the first mask, in which the gate electrode 42
branches from the gate line 41.

In particular, a photoresist layer is applied or coated (e.g.,
by spin coating) onto the uppermost ohmic contact layer 24,
and then the photoresist layer is exposed with the first mask
and developed to form the photoresist pattern 25 correspond-
ing to the gate pattern to be formed, as shown in FIG. 15. The
above-mentioned stacked layers are etched by using the pho-
toresist pattern 25, and the gate line 41 and the gate electrode
42 in the gate island 43 are formed, as shown in FIGS. 1a and
1c.

Then, the second insulating layer 26 and the source/drain
metal layer 27 are deposited sequentially on the resultant
substrate. The second insulating layer 26, which is similar
with the first insulating layer 22, may be a single-layer film of
SiNx, Si0x, or SiOxNy, or a composite film of any combina-
tion of SiNx, SiOx, and SiOxNy. The source/drain metal layer
27 may be a single-layer film of Mo, MoW or Cr, and can also
be a composite film of any combination of Mo, MoW, and Cr.

The second insulating layer 26 and the source/drain metal
layer 27 are patterned to attain the source electrode 44 and the
data line 45 connected with the source electrode, as shown in
FIG. 2a, which is a plan view of the substrate after patterning.

For example, the patterning may be performed with a sec-
ond mask which is a gray tone one. More particularly, a
photoresist layer is coated onto the source/drain metal layer
27, and then the photoresist layer is exposed with the gray
tone mask and developed to form a first gray tone photoresist
pattern. The first gray tone photoresist pattern comprises a
full photoresist region 28 and a partial photoresist region 29,
and the remaining region above the source/drain metal layer
27 is a photoresist-free region, as shown in FIG. 2b. The
thickness of the photoresist layer in the full photoresist region
28 is larger than that of the photoresist layer in the partial
photoresist region 29. On the substrate, the full photoresist
region 28 comprises a data line forming region and a source
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electrode forming region in the pixel unit; the partial photo-
resist region 29 comprises a drain electrode forming region
and a pixel electrode forming region in the pixel unit; and the
photoresist-free region comprises a source forming region, a
drain forming region, a channel forming region of the TFT in
the pixel unit. The above-mentioned forming regions, such as
the source electrode forming region, the source forming
region, and the pixel electrode forming region, refer to the
portions in the photoresist pattern that correspondingly over-
lap the regions on the substrate in which the respective ele-
ments, such as the source electrode, the source of the TF T, and
the pixel electrode, are to be formed.

Then, the source/drain metal layer 27 and the second insu-
lating layer 26 are etched sequentially with the first gray tone
photoresist pattern, so as to form the source electrode 44 and
the data line 45 connected therewith and form an opening 49,
which exposes the ohmic contact layer 24, in the second
insulating layer 26 on the gate island 43, as shown in FIG. 2¢.
The exposed ohmic contact layer 24 will be patterned in the
subsequent step to form the source region 51, the drain region
52, and the channel region 53 of the TFT, respectively. In
addition, the source/drain metal layer 27 within the drain
electrode forming region and the pixel electrode forming
region on the second insulating layer 26 is left.

An ashing process is performed on the first gray tone pho-
toresist pattern to remove the photoresist in the partial pho-
toresist region 29 and reduce the thickness of the photoresist
in the full photoresist region 28, so as to expose the source/
drain metal layer 27 left in the drain electrode forming region
and the pixel electrode forming region, as shown in FIG. 2d.

With the photoresist pattern left after the ashing process,
the source/drain metal layer 27 in the drain electrode forming
region and the pixel electrode forming region is removed by
etching, as shown in FIG. 2e. Then, the photoresist left in the
full photoresist region 28 after the ashing process is removed
with a photoresist lifting-off process, as shown in FIG. 2f.

Next, a pixel electrode material layer 30, such as transpar-
ent conductive material such as indium tin oxide (ITO),
indium zinc oxide (IZO) and the like, is deposited on the
resultant substrate.

The pixel electrode material layer 30 is patterned to com-
plete the pixel unit comprising the TFT 40 and the pixel
electrode 47, as shown in FIG. 3@, which is a plan view of the
substrate after this patterning.

For example, the patterning may be performed with a third
mask which is also a gray tone mask. More particularly, a
photoresist layer is applied to the pixel electrode material
layer, and then the photoresist layer is exposed by the gray
tone mask and developed to form a second gray tone photo-
resist pattern. The second gray tone photoresist pattern com-
prises a full photoresist region 32 and a partial photoresist
region 31, and the remaining region is a photoresist-free
region, as shown in FIG. 35. The thickness of the photoresist
layer in the full photoresist region 32 is larger than that of the
photoresist layer in the partial photoresist region 31. On the
substrate, the full photoresist region 32 comprises a drain
forming region, a drain electrode forming region and a pixel
electrode forming region in the pixel unit; the partial photo-
resist region 31 comprises a source electrode forming region
and a source forming region in the pixel unit; and the photo-
resist-free region comprises a channel forming region in the
pixel unit. These forming regions are defined the same as the
above-mentioned ones.

Then, the pixel electrode material layer 30 is etched with
the second gray tone photoresist pattern, so as to expose the
ohmic contact layer 24 in the opening 49 of the second insu-
lating layer 26 on the gate island 43, and then the ohmic
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contact layer 24 is patterned by etching to form the channel
region 53, the source region 51 and the drain region 52 of the
TFT 40. In addition, the source electrode 44 formed on the
second insulating layer 26 is connected with the ohmic con-
tact layer 24 in the source region 51 of TET 40 via the pixel
electrode material layer 30 on the source electrode 44. The
pixel electrode material layer 30 on the drain forming region,
the drain electrode forming region and the pixel electrode
forming region forms the drain electrode 46 and the pixel
electrode 47, which are integrated with each other and contact
the ohmic contact layer 24 in the drain region 52, as shown in
FIG. 3c.

An aching process is performed on the second gray tone
photoresist pattern to remove the photoresist in the partial
photoresist region 31 and reduce the thickness of the photo-
resist in the full photoresist region 32, so as to expose the
source electrode 44 and the data line 45 connected therewith,
as shown in FIG. 3d.

A passivation layer 33 is deposited on the resultant sub-
strate comprising the remaining photoresist pattern, as shown
in FIG. 3e. Thereafter, the remaining photoresist pattern in the
full photoresist region 32 is lifted off to expose the pixel
electrode 47 and the drain electrode 46, so as to obtain the
complete pixel unit on the array substrate, as shown in FIG.
3
With the manufacturing method according to the first
embodiment of the present invention, the TFT-LCD array
substrate can be manufactured with just three masks, which
include two gray tone masks, in combination with the photo-
resist lifting-off process.

However, those skilled in the art should appreciate that the
conventional mask can be used in place of any of the gray tone
mask to realize the same patterning. For example, two con-
ventional masks can be used instead of the first gray tone
mask, to form the source electrode, the data line, and the
opening in the second insulating layer on the gate island with
two photolithography processes.

In another example, the source electrode, the data line, and
the drain electrode can be formed at the same time. Thus, in
the first gray tone photoresist pattern shown in FIG. 25, the
full photoresist region 28 further comprises the drain elec-
trode forming region; in the step shown in FIG. 34, the pixel
electrode material layer 30 also covers the drain electrode 46,
and in the step shown in FIG. 3e, the drain electrode 46 is
formed to be connected with the pixel electrode 47 and con-
nected with the ohmic contact layer 24 in the drain region 52
via the pixel electrode material layer 30 thereon in a similar
manner as the source electrode 44 does.

In addition, the passivation layer may cover the pixel elec-
trode without being removed, so that when patterning is per-
formed on the pixel electrode, it is not necessary to use the
gray tone mask but a conventional mask.

The Second Embodiment

The TFT-LCD array substrate and the manufacturing
method thereof according to the second embodiment of the
present invention will be described in detail with reference to
FIGS. da-6f.

In the second embodiment, the elements like those in the
first embodiment are indicated with the like reference num-
ber, and can be formed with the same materials and methods,
the description of which thus will not be repeated herein for
simplicity.

As shown in FIG. 4b, in the beginning a gate metal layer
121 is deposited on a clean substrate 120, a first insulating
layer (a gate insulating layer) 122 is deposited on the gate
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metal layer 121, an active layer (a semiconductor layer) 123
is deposited on the first insulating layer 122, and an ohmic
contact layer 124 is deposited on the active layer 123.

The stacked layers of the above-mentioned gate metal layer
121, the first insulating layer 122, the active layer 123, and the
ohmic contact layer 124 are patterned with a first mask to
form a gate pattern comprising the gate electrode 142 and gate
line 141. The gate electrode 142 together with the first insu-
lating layer 122, the active layer 123, and the ohmic contact
layer 124 formed thereon forms the gate island 143 for the
TFT 140. FIG. 4a is a plan view of the substrate after pattern-
ing with the first mask, in which the gate electrode 142
branches from the gate line 141.

In particular, a photoresist layer is applied onto the upper-
most ohmic contact layer 124, and then the photoresist layer
is exposed with the first mask and developed to form the
photoresist pattern 125 corresponding to the gate pattern to be
formed, as shown in FIG. 4b. The above-mentioned stacked
layers are etched with the photoresist pattern 125, and the gate
line 141 and the gate electrode 142 in the gate island 143 are
formed, as shown in FIGS. 4a and 4c.

Then, the second insulating layer 126 and the pixel elec-
trode material layer 130 are deposited sequentially on the
resultant substrate. The second insulating layer 126 and the
pixel electrode material layer 130 are patterned, as shown in
FIG. 54, which is a plan view of the substrate after patterning.
More particularly, a photoresist layer is applied onto the pixel
electrode material layer 130, and then the photoresist layer is
exposed by the second mask and developed to form a photo-
resist pattern 128, as shown in FIG. 5. Then, the pixel elec-
trode material layer 130 and the second insulating layer 126
are etched sequentially with the photoresist pattern 128, so as
to form the pixel electrode material layer 130 in the source
electrode forming region and the drain electrode forming
region and form the pixel electrode 147. An opening 149,
which exposes the ohmic contact layer 124, is also formed in
the second insulating layer 126 on the gate island 143, as
shownin FIG. 5¢. The exposed ohmic contact layer 124 in the
opening 149 will be patterned in the subsequent step to form
the source region 151, the drain region 152 and the channel
region 153 of the TFT 140, respectively. Then the photoresist
pattern 128 is removed, as shown in FIG. 5d.

Subsequently, a source/drain metal layer 127 is deposited
on the resultant substrate, and is patterned to complete the
pixel unit comprising the TFT and the pixel electrode, as
shown in FIG. 6a, which is a plan view of the substrate after
patterning.

For example, the patterning may be performed with a third
mask which is a gray tone one. More particularly, a photore-
sistlayer is applied onto the source/drain metal layer 127, and
then the photoresist layer is exposed by the gray tone mask
and developed to form a gray tone photoresist pattern on the
substrate. The gray tone photoresist pattern comprises a full
photoresist region 132 and a partial photoresist region 131,
and the remaining region is a photoresist-free region, as
shown in FIG. 6. The thickness of the photoresist layer in the
full photoresist region 132 is larger than that of the photoresist
layer in the partial photoresist region 131. On the substrate,
the full photoresist region 132 comprises pixel electrode
forming region in the pixel unit; the partial photoresist region
131 comprises a data line forming region and a source elec-
trode forming region, a source forming region, a drain elec-
trode forming region, and a drain forming region in the pixel
unit; and the photoresist-free region comprises a channel
forming region in the pixel unit. These forming regions are
defined the same as the above-mentioned ones in the first
embodiment.
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Then, the source/drain metal layer 127 is etched with the
gray tone photoresist pattern, so as to expose the ohmic con-
tact layer 124 in the opening 149 in the second insulating
layer 126 on the gate island 143, and then the ohmic contact
layer 124 is further etched to form the channel region 153, the
source region 151 and the drain region 152 of the TFT 140. In
addition, through the etching the source electrode 144, the
data line 145, and the drain electrode 146 are formed on the
second insulating layer 126, wherein the source electrode 144
is connected with the ohmic contact layer 124 in the source
region 151 of the TFT 140, and the drain electrode 146 is
connected with the ohmic contact layer 124 in the drain
region 152 and the pixel electrode 147 of the TFT 140, respec-
tively, as shown in FIG. 65.

An ashing process is performed on the gray tone photore-
sist pattern to remove the photoresist in the partial photoresist
region 131 and reduce the thickness of the photoresist in the
full photoresist region 132, so as to expose the source elec-
trode 144, the data line 145, and the drain electrode 146, as
shown in FIG. 6¢.

A passivation layer 133 is deposited on the resultant sub-
strate comprising the remaining photoresist pattern, as shown
in FIG. 6d. At this time, the remaining photoresist pattern is
lifted off to expose the pixel electrode forming region which
is covered by the source/drain metal layer 127, as shown in
FIG. 6e. Then, the source/drain metal layer 127 in the pixel
electrode forming region is etched by using the remaining
passivation layer 133 as the etching mask, so as to obtain the
complete pixel unit on the array substrate, as shown in FIG.
of.

With the manufacturing method according to the second
embodiment of the present invention, the TFT-LCD array
substrate can be manufactured with just three masks, which
include a gray tone mask, in combination with the photoresist
lifting-off process.

However, those skilled in the art will appreciate that the
conventional mask can be used in place of the above gray tone
mask to realize the same patterning. For example, after the
deposition of the source/drain metal layer 127, two conven-
tional masks can be used instead of the gray tone mask, to
expose the channel region of the active layer on the gate island
and form the source electrode, the data line and the drain
electrode in one photolithography process, and form the pixel
electrode in another photolithography process and then the
passivation layer is deposited, in which case the passivation
layer over the pixel electrode may notbe removed, or after the
passivation layer is deposited, the another one photolithogra-
phy process is performed to remove the passivation layer in
the pixel forming region to form the pixel electrode.

In addition, in the step shown in FIG. 54, there may be no
pixel electrode material layer remained in the source elec-
trode forming region and the drain electrode forming region
on the second insulating layer 126.

In the present invention, the source and drain electrodes of
the TFT is connected with the ohmic contact layers in the
source and drain region directly by contacting with the ohmic
contact layers or indirectly via other conductive layer, such as
the pixel electrode material layer, that contacts with the ohmic
contact layer.

It should be appreciated that the embodiments described
above areintended to illustrate but not limit the present inven-
tion. Although the present invention has been described in
detail herein with reference to the preferred embodiments, it
should be understood by those skilled in the art that the
present invention can be realized with different material and
equipment as necessary, and that various modification and
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equivalents thereof can be made herein without departing
from the spirit and scope of the present invention.

What is claimed is:

1. A manufacturing method of a pixel unit of a TFT-LCD
array substrate, comprising the steps of:

depositing sequentially on a substrate stacked layers of a

gate metal layer, a first gate insulating layer, an active
layer, and an ohmic contact layer, and then patterning the
stacked layers to form a gate island;

depositing sequentially a second insulating layer and a

source/drain metal layer on the substrate, patterning the
second insulating layer and the source/drain metal layer
so as to form a source electrode on the second insulating
layer and form an opening on the gate island to expose
the ohmic contact layer in a source region, a drain
region, and a channel region between the source region
and the drain region of the TFT,

depositing a pixel electrode material layer on the substrate,

patterning the pixel electrode material layer and the
ohmic contact layer exposed in the opening so that the
ohmic contact layer on the channel region is removed,
the source electrode is connected with the ohmic contact
layer in the source region via the pixel electrode material
layer on the source electrode, the drain electrode and the
pixel electrode connected with each other are formed on
the second insulating layer, and the drain electrode is
connected with the ohmic contact layer in the drain
region; and

depositing a passivation layer on the substrate to cover the

TFT.

2. The manufacturing method according to claim 1,
wherein the passivation layer on the pixel electrode is
removed to expose the pixel electrode.

3. The manufacturing method according to claim 1,
wherein the second insulating layer and the source/drain
metal layer are patterned with a first gray tone mask.

4. The manufacturing method according to claim 3,
wherein patterning with the first gray tone mask comprises
the steps of:

forming a first photoresist layer on the source/drain metal

layer;

exposing and developing the first photoresist layer with the

first gray tone mask to form a first gray tone photoresist
pattern, comprising a first full photoresist region that
comprises a source electrode forming region, a first pho-

10

15

20

30

35

40

10

toresist-free region that comprises a source forming
region, a drain forming region, and a channel forming
region, and a first partial photoresist region that com-
prises a pixel electrode forming region and a drain elec-
trode forming region;

etching sequentially the source/drain metal layer and the

second insulating layer to form an opening in the second
insulating layer on the gate island;

processing the first gray tone photoresist pattern to com-

pletely remove the photoresist in the first partial photo-
resist region and reduce the thickness of the photoresist
in the first full photoresist region;

etching the source/drain metal layer to form the source

electrode; and

removing the photoresist remaining on the source elec-

trode.

5. The manufacturing method according to claim 1,
wherein the pixel electrode layer is patterned with a second
gray tone mask.

6. The manufacturing method according to claim 5,
wherein patterning with the second gray tone mask comprises
the steps of:

forming a second photoresist layer on the pixel electrode

material layer;

exposing and developing the second photoresist layer with

the second gray tone mask to form a second gray tone
photoresist pattern, comprising a second partial photo-
resist region that comprises a source electrode forming
region and a source forming region, a second photore-
sist-free region that comprises a channel forming region,
a second full photoresist region that comprises a pixel
electrode forming region, a drain electrode forming
region, and a drain forming region; and

etching the pixel electrode material layer.

7. The manufacturing method according to claim 6, further
comprises:

processing the second gray tone photoresist pattern after

etching the pixel electrode material layer to completely
remove the photoresist in the second partial photoresist
region and reduce the thickness of the photoresist in the
second full photoresist region; and

depositing the passivation layer on the substrate, and lifting

off the second photoresist pattern to remove the passi-
vation layer thereon, so as to expose the pixel electrode.

* ok %k k%
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