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10

Provide a substrate;
Form a first insulating laver on the substrate;

v

Form a polysilicon layer on the first insulating layer;
Perform ion implantation on the polysilicon layer to form a source,
drain, a second conductive layer;

Y

Form a second insulating layer on the polysilicon layer; ~—12

Y

Form a first metal layer on the second insulating layer,
Eich the first metal layer to form a gate electrode and a first —~—13
conductive layer;

Form & third insulating laver on the first metal layer;
Etch the third insulating layer to form contact holes; ~—14

v

Form a second melal layer on the third insulating layer,
Eich the second metal layer 10 form a data line and source/drain
metal structures;

Form an arganic film layer on the second metal layer;
Etch the organic film layer to expose a portion of the first conductive ~—_ 16
fayer and a portion of the drain electrode metal structure;

Y

Form a transparent common electrode on the organic film layer; ~—17

v

Form a fourth insulating layer on the fransparent commen elecirode;
Etch the fourth insulating layer and the transparent common I~ 18
glectrode {0 expose a portion of the drain electrode metal structurs;

v

Form a pixel electrode on the fourth insulating laver; ~_ 19

~—-11

~—15

FiG. 6
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» 200

Provide a glass substrate;
Form a first insulating layer on the giass substratg,;

'

Form and pattern g polysilicon layer on the first insulating layer;
Ferform ion implantation on the patierned polysilicon layer to form a

. - 21
source, a drain, a second conductive layer;
Form a second insulating layer on the doped and patternad ~_ %

polysilicon layer;

Y

Form a first metal layer on the second insulating layer;
Etch the first metal layer to form a gate electrode and a first 23
conductive layer;

Form a third insulating layer on the first metal layer;
Etch the third insulating layer to form contact holes; ~—24

Y

Form a second metal layer on the third insulating layer;
Etch the second melal layer to form a data line, source/drain metal
structures, a metal conductive pad;

!

Form an organic film layer on the second metal layer;
Etch the organic film layer (o expose a portion of the metal drain ~_26
elecirode structure and a portion of the metal conductive pad;

Y

Form a transparent common alectrode on the organic film layer, 27

v

M~25

Form a fourth insulating layer on the transparent common electrode;

Etch the fourth insulating layer and the fransparent common ~__78
electrode o expose a portion of the drain electrode metal structure;

Form a pixel slectrode on the fourth insulating layer. ~_ 20

FIG. 7
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—~—-30

Provide a glass substrate;
Form a first insulating layer on the glass substrate;

v

Form and patlern a polysilicon layer on the first insulating layer;
Perform ion implantation on the patierned polysilicon layer fo form a

\ T~
soures glectrode and a drain glectrode; 31
Form a second insulating layer on the doped and patterned ~_ 37

nolysilicon layer,;

Y

Form a first metal layer on the second insulating layer;
Etch the first metal laver to form a gate electrode and a first ~—-33
conductive layer;

Form a third insulating layer on the first metal layer;
Ftch the third insulating layer to form contact holes; 34

'

Form a second metal layer on the third insulating layer;
Etch the second metal layer 1o form scurceldrain metal structures
and a first conductive tayer;

Form an organic film layer on the second metal layer;
Eich the organic film layer to expose a pottion of the drain slecirede ~_ 36
metal structure and a portion of the first conductive layer;

Y

Form a fransparent common electrode on the organic fitm layer,; ~_37

Y

Form a fourth insulating layer on the transparent common electrode;
Etch the fourth insulating layer and the fransparent common ~_ 38
glectrode to expose a portion of the drain electrode metal structure;

Y

Form a pixel electrode on the fourth insulating layer. ~— 39

~—35

FIG. 8



U.S. Patent Oct. 18, 2016 Sheet 9 of 9 US 9,470,946 B2

> 400

Provide a glass substrate;
2 g1ass subelra N ~40
Form a first insulating layer on the glass substrale;

'

Form and pattern a first metal layer on the first insulating layer t©
form a gate elecirode and a first conductive layer; ~—41

Y

Form a second insulating layer on the patierned first metal layer; ~—42

'

Form a silicon paolysilicon layer on the second insulating layer,
Elch the polysilicon layer to form source/drain electrodes and a ~—43
second conductive layer;

Form a third insulating layer on the polysilicon layer,
Etch the third insulating layer to form one or more contact holes; ~—44

Form a second metal layer on the third insulating layer;
Etch the second metal layer (o form source/drain metal struciures;

"\145

Form an organic film layer on the second metal layer;

Etch the organic film layer {0 expose a portion of the metal drain
electrode structure and etch the second and third insulating layers 46
to expose a portion of the first conductive layer;

Y

Form a transparent common elecirode on the organic film layer,; ~_ 47

v

Form a fourth insulating layer on the transparent comimon electrode;

Etch the fourth insulating layer and the transparent common ~_ 48
elacirode {0 expose a portion of the drain electrede metal struclure;

Form a pixel electrode on the fourth insulating layer, ~_ 48

FIG. 9
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TFT-LCD ARRAY SUBSTRATE PIXEL
ELECTRODE CONNECTED TO FIRST AND
SECOND CAPACITORS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to and is a continuation of
PCT/CN2012/084264, filed on Nov. 8, 2012 and entitled
“TFT-LCD ARRAY SUBSTRATE”, which claims the ben-
efit of Chinese Patent Application No. 201210260407.9,
filed with the Chinese Patent Office on Jul. 25, 2012 and
entitled “TFT-LCD ARRAY SUBSTRATE”, the contents of
which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to the field of liquid crystal
display technologies, in particular to a pixel unit, a Thin
Film Transistor Liquid Crystal Display (TFT-LCD) array
substrate, and methods for forming the same.

BACKGROUND OF THE INVENTION

Due to its advantages such as low voltage, low power
consumption, large amount of display information, and easy
colorization, the TFT-LCD is becoming dominant in the
current display market, and has been widely used in various
electronic devices such as tablet computers, electronic note-
books, mobile phones, digital cameras, navigation devices,
and high-definition televisions.

ATFT-LCD includes an array substrate integrated with an
opposite color filter substrate, and a liquid crystal layer
disposed between the array substrate and the color filter
substrate. The basic principle of displaying images with the
TFT-LCD is to apply an electric field between the array
substrate and the color filter substrate to control the orien-
tation of liquid crystal molecules of the liquid crystal layer,
thereby controlling an amount of light penetrating through
the liquid crystal molecules of the liquid crystal layer. That
is, the amount of light passing through the liquid crystal
layer can be controlled with the changes in electric field
applied thereto.

The array substrate typically includes a plurality of pixel
units formed by intersecting scanning lines with data lines,
and a plurality of Thin Film Transistors (TFTs) provided at
intersections between the scanning lines and the data lines.
Each pixel unit has a pixel electrode, and the TFT is
configured as a switching element for turning on or off a
voltage applied to the pixel electrode.

When a scan signal is applied to a TFT, the pixel umt
controlled by the TFT is activated, and a data signal (i.e., a
display signal) is applied to the pixel electrode of the pixel
unit. To obtain a high-quality display, the voltage applied to
the pixel electrode is required to be maintained at a certain
constant value until the next scanning signal. However, since
the accumulated charges for maintaining the voltage at the
pixel electrode leak out quickly, the voltage at the pixel
electrode is reduced prematurely, thus degrading the display
quality of the TFT-LCD. Therefore, each pixel unit in the
TFT-LCD typically has a storage capacitor to maintain a
stable voltage at the pixel electrode of the pixel unit within
a predetermined time period.

In the prior art, the storage capacitor is generally formed
by a transparent common electrode providing a common
voltage, a pixel electrode located above the transparent
common electrode, and an insulating layer disposed between
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the transparent common electrode and the pixel electrode, so
that the voltage of the pixel electrode is maintained stable
within a predetermined time period by means of the storage
capacitor. In order to maintain the stable voltage of the pixel
electrode within the predetermined time period, the capaci-
tance of the storage capacitor must be sufficiently large to
satisfy a certain capacitance requirement.

In the prior art, the storage capacitor is formed by the
transparent common electrode, the pixel electrode located
above the transparent common electrode, and the insulating
layer disposed between the transparent common electrode
and the pixel electrode. If the storage capacitor does not
have a specified capacitance value, an additional storage
capacitor is generally formed by a metal common electrode,
a pixel electrode and an insulating layer disposed between
the metal common electrode and the pixel electrode, so that
the specified capacitance value can be obtained by the sum
of the capacitances of these two storage capacitors.

Specifically, reference may be made to FIGS. 1A and 1B,
which are schematic diagrams showing the structures of
conventional TFT-LCD array substrates, and the TFT-LCD
array substrates are array substrates for an In-Plane Switch-
ing (IPS) typed liquid crystal display panel. A Thin Film
Transistor (TFT) and a polysilicon layer are not shown in
FIGS. 1A and 1B for the sake of clarity. In the TFT-LCD
array substrate shown in FIG. 1A, a plan-shaped transparent
common electrode 10 and a pixel electrode 11 are provided
in a pixel unit 1a and jointly form a parallel electric field to
cause the liquid crystal molecules to rotate. A storage
capacitor is also formed by the transparent common elec-
trode 10, the pixel electrode 11 located above the transparent
common electrode 10, and an insulating layer (not shown in
FIG. 1A) disposed between the transparent common elec-
trode 10 and the pixel electrode 11.

In the TFT-LCD array substrate shown in FIG. 1B, a pixel
unit 15 is formed with two storage capacitors, that is, a first
storage capacitor formed by a transparent common electrode
10, a pixel electrode 11 located above the transparent
common electrode 10, and an insulating layer (not shown in
FIG. 1B) disposed between the transparent common elec-
trode 10 and the pixel electrode 11; and a second storage
capacitor formed by a metal common electrode 12, a pixel
electrode 11 located above the metal common electrode 12,
and an insulating layer (not shown in FIG. 1B) disposed
between the metal common electrode 12 and the pixel
electrode 11.

Here, although the capacitance requirement is satisfied by
introducing the second storage capacitor in the pixel unit 15,
the aperture ratio of the pixel unit 14 is much less than that
of the pixel unit 1a due to a light shielding effect of the metal
common electrode 12. In particular, the metal common
electrode 12 needs to extend across the entire pixel unit 15,
in order to connect to the potential of a common voltage
outside the pixel unit 15, thus greatly reducing the aperture
ratio of the pixel unit 15 . Moreover, even though only a
portion of the metal common electrode 12 is needed for
meeting the capacitance requirement, the size of the metal
common electrode 12 cannot be reduced since the metal
common electrode 12 needs to be connected to the potential
of the common voltage outside the pixel unit 15 (in order to
provide a potential necessary for forming the storage capaci-
tor), so that the aperture ratio of the pixel unit 15 cannot be
increased.

Considering the design of a 250 PPI pixel unit, for
example, which requires a storage capacitor of 180 fF, if the
structure of the pixel unit 1 a is used, a capacitance of only
150 {F can typically be obtained (that is, the design require-
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ment for the storage capacitor is not met), while the 250 PPI
pixel unit has an aperture ratio of about 79%. On the other
hand, if the structure of the pixel unit 15 is used, a capaci-
tance of 180 {F can be obtained (that is, the design require-
ment for the storage capacitor is met), while the 250 PPI
pixel unit has an aperture ratio of merely about 73%. In other
words, a high capacitance and a high aperture ratio cannot
be obtained simultaneously.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide a TFT-
LCD array substrate that solves the problems of the prior art.

According to an embodiment of the present invention, a
TFT-LCD array substrate includes a plurality of pixel units,
each of the pixel units may include a thin film transistor, a
transparent common electrode, and a pixel electrode dis-
posed on the transparent common electrode. The pixel unit
further includes a first storage capacitor, which is formed by
the transparent common electrode, the pixel electrode, and a
first insulating layer disposed between the transparent com-
mon electrode and the pixel electrode. The pixel unit further
includes a second storage capacitor, which is formed by a
first conductive layer, a second conductive layer, and a
second insulating layer disposed between the first conduc-
tive layer and the second conductive layer. The first con-
ductive layer is electrically connected within the pixel unit
to the transparent common electrode, and the second con-
ductive layer electrically connected within the pixel unit to
the pixel electrode.

In an embodiment, in the TFT-LCD array substrate, the
pixel unit includes in sequence from bottom to top: a
polysilicon layer, a gate insulating layer, a gate electrode, a
passivation layer, a data line and a drain electrode metal, an
organic film layer, the transparent common electrode, the
first insulating layer and the pixel electrode. The polysilicon
layer includes a channel, a source electrode, and a drain
electrode.

In an embodiment, in the TFT-LCD array substrate, the
first conductive layer is in the same layer with the gate
electrode, and is connected with the transparent common
electrode through a contact hole, the second conductive
layer is in the same layer with the drain electrode at the
polysilicon layer, and is connected with the drain electrode,
and the second insulating layer is the gate insulating layer.

In an embodiment, in the TFT-LCD array substrate, the
first conductive layer is in the same layer with the gate
electrode, and is connected with the transparent common
electrode through a metal conductive pad, the second con-
ductive layer is in the same layer with the drain electrode at
the polysilicon layer, and is connected with the drain elec-
trode, and the second insulating layer is the gate insulating
layer.

In an embodiment, in the TFT-LCD array substrate, the
metal conductive pad, the data line and the drain electrode
metal are in the same layer and formed in the same process
step. The metal conductive pad has one side connected with
the first conductive layer through a first contact hole, and an
opposite side connected with the transparent common elec-
trode through a second contact hole.

In an embodiment, in the TFT-LCD array substrate, the
first conductive layer and the gate electrode are formed in
the same process step, and the second conductive layer and
the drain electrode at the polysilicon layer are formed in the
same process step.

In an embodiment, in the TFT-LCD array substrate, the
first conductive layer is in the same layer with the drain
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electrode metal, and is connected with the transparent com-
mon electrode through a contact hole; the second conductive
layer is in the same layer with the gate electrode, and is
connected together with the drain electrode metal through a
contact hole; and the second insulating layer is the passiva-
tion layer.

In an embodiment, in the TFT-LCD array substrate, the
first conductive layer and the drain electrode metal are
formed in the same process step; and the second conductive
layer and the gate electrode are formed in the same process
step.

In an embodiment, in the TFT-LCD array substrate, the
pixel unit includes, in sequence from bottom to top: a gate
electrode, a gate insulating layer, a polysilicon layer, a
passivation layer, a data line and a drain electrode metal, an
organic film layer, the transparent common electrode, the
first insulating layer and the pixel electrode. The polysilicon
layer includes a channel, a source electrode, and a drain
electrode.

In an embodiment, in the TFT-LCD array substrate, the
first conductive layer is in the same layer with the gate
electrode, and is connected together with the transparent
common electrode through a contact hole; the second con-
ductive layer is in the same layer with the drain electrode,
and is connected together with the drain electrode; and the
second insulating layer is the gate insulating layer.

In an embodiment, the first conductive layer is in the same
layer with the gate electrode, and is connected with the
transparent common electrode through a metal conductive
pad; the second conductive layer is in the same layer with
the drain electrode, and is connected with the drain elec-
trode; and the second insulating layer is the gate insulating
layer.

In an embodiment, the first conductive layer and the gate
electrode are formed in the same process step; and the
second conductive layer and the drain electrode are formed
in the same process step.

In the TFT-LCD array substrate provided by the present
invention, the capacitance requirement is met by adding a
second storage capacitor, which is formed by the first
conductive layer, the second conductive layer, and the
second insulating layer disposed between the first conduc-
tive layer and the second conductive layer. The first con-
ductive layer and the second conductive layer are respec-
tively electrically connected, within the pixel unit, to the
transparent common electrode and that of the pixel elec-
trode. In other words, the first conductive layer and the
second conductive layer that form the second storage capaci-
tor are not required to extend across the entire pixel unit in
order to be connected to the potential outside the pixel unit,
but are only required to be electrically connected to the
potential of the transparent common electrode and that of the
pixel electrode, respectively, inside the pixel unit. Accord-
ingly, under the condition that the capacitance value is met,
the size of the first conductive layer and the second con-
ductive layer is reduced, that is, the aperture ratio of the
pixel unit is increased, so that the pixel unit can have both
a relatively large capacitance and a relatively high aperture
ratio.

Embodiments of the present invention also provides a
method for manufacturing a TFT-LCD pixel unit. The
method includes providing a substrate, forming a first insu-
lating layer on the substrate, forming a polysilicon layer. The
polysilicon layer includes a source electrode, a drain elec-
trode, and a channel disposed between the source and drain
electrodes. The method also includes forming a second
insulating layer on the polysilicon layer, forming a gate
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electrode and a first conductive layer on the second insulat-
ing layer, forming a third insulating layer on the gate
electrode and the first conductive layer, and forming a source
electrode metal structure and a drain electrode metal struc-
ture on the third insulating layer. The method further
includes forming an organic film layer on the source and
drain electrode metal structures, forming a transparent com-
mon electrode on the organic film layer, forming a fourth
insulating layer on the transparent common electrode, and
forming a pixel electrode on the fourth insulating layer.

In another embodiment, a method for manufacturing a
TFT-LCD pixel unit includes providing a substrate, forming
a first insulating layer on the substrate, forming a first metal
layer on the first insulating layer, the first metal layer
comprising a gate electrode and a first conductive layer,
forming a second insulating layer on gate electrode and the
first conductive layer, and forming a polysilicon layer on the
second insulating layer, the polysilicon layer comprising a
source electrode, a drain electrode, and a channel disposed
between the source and drain electrodes. The method further
includes forming a third insulating layer on the polysilicon
layer, forming a second metal layer on the third insulating
layer, the second metal layer comprising a source electrode
metal structure and a drain electrode metal structure, form-
ing an organic film layer on the second metal layer, forming
a transparent common electrode on the organic film layer,
forming a fourth insulating layer on the transparent common
electrode, and forming a pixel electrode on the fourth
insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic diagrams showing the
structures of conventional TFT-LCD array substrates;

FIG. 2A is a schematic top view of a TFI-LCD array
substrate according to a first embodiment of the invention;

FIG. 2B is a cross-sectional view of the TFT-LCD array
substrate according to the first embodiment of the invention;

FIG. 3 is a cross-sectional view of a TFT-LCD array
substrate according to a second embodiment of the inven-
tion;

FIG. 4 is a cross-sectional view of a TFT-LCD array
substrate according to a third embodiment of the invention;

FIG. 5 is a cross-sectional view of a TFT-LCD array
substrate according to a fourth embodiment of the invention;

FIG. 6 is a flow chart illustrating a method for manufac-
turing a pixel unit according to an embodiment of the present
invention;

FIG. 7 is a flow chart illustrating another method for
manufacturing a pixel unit according to an embodiment of
the present invention;

FIG. 8 is a flow chart illustrating yet another method for
manufacturing a pixel unit according to an embodiment of
the present invention; and

FIG. 9 is a flow chart illustrating yet another method for
manufacturing a pixel unit according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The TFT-LCD array substrate provided by the present
invention will be further described in detail below in con-
junction with the accompanying drawings and specific
embodiments. Advantages and features of the present inven-
tion will become more apparent from the following descrip-
tion and claims. It should be noted that the accompanying
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drawings are shown in a very simplified form and are not
drawn to scale for the purpose of a clear and convenient
description of embodiments of the present invention.

It is understood that the use of the terms first, second, etc.
does not denote any order, but rather the terms first, second,
etc. are used to distinguish one element from another. For
example, a first insulating layer may not necessarily be
formed before the second insulating layer. Furthermore, the
use of the terms a, an, etc. does not denote a limitation of
quantity, but rather denote the presence of at least one of the
referenced items.

First Embodiment

FIG. 2A is a schematic top view showing the structure of
a TFT-LCD array substrate according to the first embodi-
ment of the invention, and FIG. 2B is a schematic diagram
showing the cross-sectional structure of the TFT-LCD array
substrate according to the first embodiment of the invention.
It should be noted that a plurality of pixel units are formed
on the TFT-LCD array substrate, but FIGS. 2A and 2B
schematically show the structure of only one of the plurality
of pixel units in the present embodiment. In addition, for the
clarity of the diagram, a contact hole for connecting layers
is not shown in FIG. 2A, but the contact hole is clearly
shown between the layers according to the schematic sec-
tional diagram in FIG. 2B (that is, the contact hole is needed
to be formed in one or more layers to achieve a connection
between two layers separated by the one or more layers).

In the invention, a first conductive layer and a second
conductive layer, which together form a second storage
capacitor, are connected to particular potentials instead of
the potentials outside of the pixel unit, to form the storage
capacitor. Specifically, as seen from the schematic structural
diagram shown in FIG. 2A, a first conductive layer 23 and
a second conductive layer 25 are small in size particularly
compared with the metal common electrode 12 shown in
FIG. 1B, and do not exceed the range of the pixel unit
defined by the scan line 27 and the data line 28. Thus, in the
introduction of each of the embodiments of the present
invention, the implementation of connecting the first and
second conductive layers with the particular potentials
instead of the potentials outside the pixel unit is emphasized,
while the arrangement between the pixel units is a common
knowledge in the art and hence is not stressed again herein.
In light of the disclosure of the specific internal structure of
the pixel unit in the present application, it is possible for
those skilled in the art to implement a plurality of the pixel
units.

Specifically, as shown in FIGS. 2A and 2B, a pixel unit 2
includes: a thin film transistor 205, a pixel electrode 22, and
a transparent common electrode 20, where a parallel electric
field may be formed between the pixel electrode 22 and the
transparent common electrode 20. Pixel unit 2 also includes
a first storage capacitor 200, which is formed by the trans-
parent common electrode 20, the pixel electrode 22 located
above the transparent common electrode 20, and a first
insulating layer 21 disposed between the transparent com-
mon electrode 20 and the pixel electrode 22.

The pixel unit 2 may further include: a second storage
capacitor 206, which is formed by a first conductive layer
23, a second conductive layer 25, and a second insulating
layer 24 disposed between the first conductive layer 23 and
the second conductive layer 25. The first conductive layer 23
and the second conductive layer 25 are electrically con-
nected to the potential of the common electrode 20 and that
of the pixel electrode 22 within the pixel unit 2, respectively.

The transparent common electrodes 20 of a plurality of
the pixel units 2 are connected with each other and con-
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nected to a potential provided by a drive circuit, which is
known in the prior art and will not be described herein.

In general, pixel unit 2 includes: a polysilicon layer
including a channel 202, a source electrode 201 and a drain
electrode 203. The source electrode 201 and the drain
electrode 203 of the thin film transistor are formed by an ion
implantation process, and the channel 202 between the
source electrode 201 and the drain electrode 203 is formed
by the undoped portion (i.e., not subjected to the ion
implantation process). Pixel unit 2 further includes a gate
electrode insulating layer located above the polysilicon
layer, a scan line and a gate electrode 27 located above the
gate insulating layer, where the gate electrode 27, the source
electrode 201, the channel electrode 202, and the drain
electrode 203 form a switching element (i.e. a thin film
transistor) 205 of the TFT-LCD array substrate, a passiva-
tion layer located above the gate electrode 27, and a data
line, a source electrode metal structure 28, and a drain
electrode metal structure 26 located above the passivation
layer. Pixel unit 2 also includes an organic film layer 204
disposed between a layer of the data line and the transparent
common electrode 20, and the organic film layer 204 is
mainly used for flattening and is relatively thick.

In the present embodiment, for better compatibility with
the existing pixel unit structure and its forming method, the
first conductive layer 23 as well as the gate electrode 27 and
the scan line are in the same layer, and particularly formed
by the same process step.

The second conductive layer 25 as well as the source
electrode 201 and the drain electrode 203 at the polysilicon
layer are in the same layer, and particularly formed by the
same process step, which specifically includes: forming the
second conductive layer 25, the source electrode 201 and the
drain electrode 203 by simultaneously depositing an amor-
phous silicon layer, simultaneously conducting laser crys-
tallization to form the polysilicon layer, simultaneously
etching the polysilicon layer, and simultaneously doping
ions to form the second conductive layer 25, the source
electrode 201 and the drain electrode 203, at the time, the
second conductive layer 25 and the drain electrode 203
being connected together.

The first conductive layer 23 is connected with the
transparent common electrode 20 through a fourth contact
hole G24 and hence provided with the potential of the
common electrode; and the second conductive layer 25 is
directly connected with the drain electrode 203 and hence
provided with the potential of the pixel electrode. Further,
the drain electrode 203 is connected with the pixel electrode
22 through the drain electrode metal 26, and the source
electrode 201 is connected with the data line through the
source electrode metal 28.

To further embody the structure of the TFT-LCD array
substrate, especially the structure of the pixel unit 2 in the
present embodiment, the method for forming the TFT-LCD
array substrate will be described below.

FIG. 6 is a flow chart illustrating a method 100 for
manufacturing a pixel unit according to an embodiment of
the present invention. For all flowcharts herein, it will be
understood that many of the steps can be combined, per-
formed in parallel or performed in a different sequence
without affecting the functions achieved. Method 100
includes the following steps.

In step 10, a glass substrate is prepared, an insulating layer
(which is herein referred to as an insulating layer A, and in
the present embodiment, a plurality of insulating layers are
formed in several subsequent steps, and characters “A, B,
C ... 7 are respectively aflixed to the insulating layers
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formed in sequence, for the purpose of distinction) is formed
on the glass substrate. In general, the insulating layer A is
made of silicon nitride.

In step 11, a polysilicon layer is formed on the insulating
layer, here, photolithography and etching processes are
performed on the polysilicon layer to form the channel 202.
And then an ion implantation process is also conducted on
the polysilicon layer to form the source electrode 201, the
drain electrode 203 and the second conductive layer 25, that
1s, forming the second conductive layer 25 does not require
for an additional process step in comparison with the exist-
ing process step, so that the manufacturing cost can be
reduced. In the present embodiment, the second conductive
layer 25 and the drain electrode 203 are connected together.

In step 12, an insulating layer B, i.e., the second insulating
layer 24 isolating the second conductive layer 25 from the
first conductive layer 23 to be formed subsequently, is
formed on the polysilicon layer. In order to be compatible
with conventional manufacturing processes for the TFT-
LCD array substrate, insulating layer B is also used as an
isolation structure (i.e. the gate insulating layer) between the
source electrode 201 as well as the drain electrode 203 and
a gate electrode 27 to be formed subsequently, that is, in the
present embodiment, the second insulating layer 24 is
formed by the existing gate insulating layer.

In step 13, a first metal layer is formed on the insulating
layer B, and the photolithography and etching processes are
conducted on the first metal layer to form the first conductive
layer 23. In the present embodiment, the gate electrode 27
and the scan line are formed simultaneously with the first
conductive layer 23, that is, forming the first conductive
layer 23 does not require an additional process step when
compared with the conventional process step, so that the
manufacturing cost can be reduced.

In step 14, an insulating layer C, which is used as the
isolation structure between the gate electrode 27 as well as
the scan line and a data line 28 to be formed subsequently,
is formed on the first metal layer, that is, the insulating layer
C is the passivation layer of the pixel unit. In general, the
insulating layer C is made of silicon oxide or silicon nitride.
Here, the photolithography and etching processes are con-
ducted on the passivation layer to form a plurality of contact
holes, among which a first contact hole G21 exposes a
portion of the source electrode 201 at the polysilicon layer,
and a second contact hole G22 exposes a portion of the drain
electrode 203 at the polysilicon layer, further, a fourth
contact hole G24 exposing a portion of the first conductive
layer 23 is formed.

In step 15, a second metal layer is formed on the passi-
vation layer, and photolithography and etching processes are
conducted on the second metal layer to form a data line, the
source electrode metal structure 28 and the drain electrode
metal structure 26. The source electrode metal structure 28
1s connected with the data line, and further connected with
the source electrode 201 through the first contact hole G21
to transmit a data signal to the source electrode 201. The
drain electrode metal structure 26 is connected with the
drain electrode 203 at the polysilicon layer through the
second contact hole G22.

In step 16, an organic film layer 204 is formed on the
second metal layer, and the photolithography and etching
processes are conducted on the organic film layer 204 to
expose fourth contact hole G24, so that a portion of the first
conductive layer 23 is exposed; and further the third contact
hole G23 exposing a portion of the drain electrode metal
structure 26 is formed.
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In step 17, a transparent common electrode 20 is formed
on the organic film layer 24, and connected with the first
conductive layer 23 through the fourth contact hole G24.

In step 18, an insulating layer D, i.e., first insulating layer
21 for isolating the transparent common electrode 20 from
the pixel electrode 22 to be formed subsequently, is formed
on the transparent common electrode 20, and the photoli-
thography and etching processes are conducted on the
insulating layer D to exposes the third contact hole G23, so
that a portion of the drain electrode metal structure 26 is
exposed.

In step 19, the pixel electrode 22, which is connected with
the drain electrode metal 26 through the third contact hole
G23, is formed on the first insulating layer 21.

The first storage capacitor 200 and the second storage
capacitor 206 are thus formed by the above process steps.
The second storage capacitor 206 is formed by the first
conductive layer 23, the second conductive layer 25, and the
second insulating layer 24 disposed between the first con-
ductive layer 23 and the second conductive layer 25. The
first conductive layer 23 and the second conductive layer 25
are electrically connected, within the pixel unit 2, to the
potential of the transparent common electrode 20 and that of
the pixel electrode 22, respectively.

Here, the first conductive layer 23 and the second con-
ductive layer 25 are electrically connected, within the pixel
unit 2, to the potential of the transparent common electrode
20 and that of the pixel electrode 22, respectively, so that the
first conductive layer 23 and the second conductive layer 25,
which together form the second storage capacitor 206, do
not extend across the entire pixel unit 2 in order to be
connected to the potential outside the pixel unit 2, but to
respectively electrically connect, inside the pixel unit 2, to
the potential of the transparent common electrode 20 and
that of the pixel electrode 22. Therefore, under the condition
that the capacitance is satisfying, the sizes of the first
conductive layer 23 and the second conductive layer 25 are
reduced, that is, the aperture ratio of the pixel unit 2 is
increased, thus implementing the pixel unit 2 having a large
capacitance and a high aperture ratio.

Here, to further illustrate benefits and advantages of both
a relatively large capacitance and a relatively high aperture
ratio achieved by the TFT-LCD array substrate provided in
the embodiment of the present invention, for example, the
design of 250 PPI pixel units each having a length of 102 pm
and a width of 34 um was considered by the inventor, and
an aperture ratio up to 77% was measured given that the
requirement for a capacitance of 180 fF is met. Although the
aperture ratio up to 77% is slightly decreased when com-
pared with the case that only the first storage capacitor is
present (e.g., 79%), the aperture ratio of the pixel unit
provided by the present embodiment has been significantly
improved considering that the capacitance requirement is
satisfied. Since the first conductive layer 23 or the second
conductive layer 25 does not extend across the entire pixel
unit 2 in the present embodiment, the area of the first
conductive layer 23 and the second conductive layer 25 can
be reduced. Therefore, the pixel unit provided the present
embodiment has the benefits and advantages of both a
relatively large capacitance and a relatively high aperture
ratio when compared with the conventional solutions.

Second Embodiment

FIG. 3 is a schematic cross-sectional view of a TFT-LCD
array substrate according to the second embodiment of the
present invention. As shown in FIG. 3, a plurality of pixel
units are formed on the TFT-LCD array substrate, and each
pixel unit 3 includes: a thin film transistor switch 305 (not
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shown in FIG. 3), a pixel electrode 32, and a transparent
common electrode 30. A parallel electric field may be
formed between the pixel electrode 32 and the transparent
common electrode 30. Pixel unit 3 also includes a first
storage capacitor 300, which is formed by the transparent
common electrode 30, the pixel electrode 32 located above
the transparent common electrode 30, and a first insulating
layer 31 disposed between the transparent common elec-
trode 30 and the pixel electrode 32.

The pixel unit 3 further includes: a second storage capaci-
tor 306, which is formed by a first conductive layer 33, a
second conductive layer 35, and a second insulating layer 34
disposed between the first conductive layer 33 and the
second conductive layer 35, where, the first conductive layer
33 and the second conductive layer 35 are respectively
electrically connected, inside the pixel unit 3, to the potential
of the transparent common electrode 30 and that of the pixel
electrode 32.

A difference between the second embodiment and the first
embodiment lies in that the first conductive layer 33 is not
directly connected with the transparent common electrode
30 through a contact hole, but is connected with the trans-
parent common electrode 30 through a metal conductive pad
39. Specifically, the first conductive layer 33 is connected
with one side of metal conductive pad 39 through a third
contact hole G33, while the opposite side of the metal
conductive pad 39 is connected with the transparent com-
mon electrode 30 through a fourth contact hole (G34, so that
the first conductive layer 33 is electrically connected with
the transparent common electrode 30.

In comparison with the first embodiment, both the third
contact hole G33 and the fourth contact hole G34 required
for connecting the first conductive layer 33 with the trans-
parent common electrode 30 are shallow in the second
embodiment, thereby ensuring the reliability of the formed
contact holes, and hence ensuring the reliability of the
TFT-LCD array substrate.

To further embody the structure of the TFT-LCD array
substrate, especially the structure of the pixel unit 3 in the
present embodiment, the method for forming the TFT-LCD
array substrate will be described below. Specifically, in the
present embodiment, the TFT-L.CD array substrate is imple-
mented through the following process steps from 20 to 29 as
shown in FIG. 7.

In step 20, a glass substrate is prepared, an insulating layer
(which is herein referred to as an insulating layer A, and in
the present embodiment, a plurality of insulating layers are
formed in several steps, and characters “A, B, C . . . ” are
respectively affixed to the insulating layers formed in
sequence, for the purpose of distinction) is formed on the
glass substrate. In general, the insulating layer A is made of
silicon nitride.

In the step 21, a polysilicon layer is formed on the
insulating layer, here, photolithography and etching pro-
cesses are performed on the polysilicon layer to form the
channel 302, and then an ion implantation process is also
conducted on the polysilicon layer to form the source
electrode 301, the drain electrode 303 and the second
conductive layer 35, that is, forming the second conductive
layer 35 does not require for an additional process step in
comparison with the existing process step, so that the
manufacturing cost can be reduced. In the present embodi-
ment, the second conductive layer 35 and the drain electrode
303 are connected together.

In step 22, an insulating layer B, i.e., the second insulating
layer 34 isolating the second conductive layer 35 from the
first conductive layer 33 to be formed subsequently, is
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formed on the polysilicon layer. In order to be compatible
with the conventional manufacturing processes for the TFT-
LCD array substrate, the insulating layer B is also used as an
isolation structure (i.e. the gate insulating layer) between the
source electrode 301 as well as the drain electrode 303 and
a gate electrode 37 to be formed subsequently, that is, in the
present embodiment, the second insulating layer 34 is
formed by the existing gate insulating layer.

In step 23, a first metal layer is formed on the insulating
layer B, and the photolithography and etching processes are
conducted on the first metal layer to form the first conductive
layer 33. In the present embodiment, the gate electrode 37
and the scan line are formed simultaneously with the first
conductive layer 33. In other words, forming the first
conductive layer 33 does not require an additional process
step when compared with the existing process step, so that
the manufacturing cost can be reduced.

In step 24, a passivation layer (i.e., an insulating layer C),
which is used as the isolation structure between the gate
electrode 37 as well as the scan line and a layer of a data line
to be formed subsequently, is formed on the first metal layer.
In general, the passivation layer is made of silicon oxide or
silicon nitride. Here, the photolithography and etching pro-
cesses are conducted on the passivation layer to form a
plurality of contact holes, among which a first contact hole
G31 exposes a portion of the source electrode 301 at the
polysilicon layer, and a second contact hole G32 exposes a
portion of the drain electrode 303 at the polysilicon layer,
and a third contact hole G33 exposes a portion of the first
conductive layer 33.

In step 25, a second metal layer is formed on the passi-
vation layer, and photolithography and etching processes are
conducted on the second metal layer to form the data line,
the source electrode metal structure 38, the drain electrode
metal structure 36 and a metal conductive pad 39. The
source electrode metal structure 38 is connected with the
data line, and further connected with the source electrode
301 through the first contact hole G31. The drain electrode
metal structure 36 is connected with the drain electrode 303
at the polysilicon layer through the second contact hole G32;
the metal conductive pad 39 is connected with the first
conductive layer 33 through the third contact hole G33.

In step 26, an organic film layer 304 is formed on the
second metal layer, and the photolithography and etching
processes are conducted on the organic film layer 304 to
form the fourth contact hole G34, so that the metal conduc-
tive pad 39 is exposed; and further a fifth contact hole G35
exposing a portion of the drain electrode metal structure 36
is formed.

In step 27, a transparent common electrode 30 is formed
on the organic film layer 304, and connected with the metal
conductive pad 39 through the fourth contact hole G34
formed in the step 26, that is, the first conductive layer 33 is
electrically connected with the transparent common elec-
trode 30.

In step 28, an insulating layer D, i.e., the first insulating
layer 31 for isolating the transparent common electrode 30
from the pixel electrode 32 to be formed subsequently, is
formed on the transparent common electrode 30, and the
photolithography and etching processes are conducted on
the insulating layer D to exposes the fifth contact hole G35,
so that a portion of the drain electrode metal structure 36 is
exposed.

In step 29, the pixel electrode 32, which is connected with
the drain electrode metal structure 36 through the fifth
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contact hole G35, is formed on the first insulating layer 31,
so that the second conductive layer 35 is connected with the
pixel electrode 32.

The first storage capacitor 300 and the second storage
capacitor 306 are thus formed by the above process steps,
where the second storage capacitor 306 is formed by the first
conductive layer 33, the second conductive layer 35, and the
second insulating layer 34 disposed between the first con-
ductive layer 33 and the second conductive layer 35; and the
first conductive layer 33 and the second conductive layer 35
are respectively electrically connected, inside the pixel unit
3, to the potential of the transparent common electrode 30
and that of the pixel electrode 32.

Third Embodiment

FIG. 4, which is a schematic cross-sectional view of a
TFT-LCD array substrate according to the third embodiment
of the present invention. As shown in FIG. 4, each pixel unit
4 includes: a thin film transistor switch 405, a pixel electrode
42, and a transparent common electrode 40, where a parallel
electric field may be formed between the pixel electrode 42
and the transparent common electrode 40. Pixel unit 4 also
includes a first storage capacitor 400, which is formed by the
transparent common electrode 40, the pixel electrode 42
located above the transparent common electrode 40, and a
first insulating layer 41 disposed between the transparent
common electrode 40 and the pixel electrode 42.

The pixel unit 4 further includes: a second storage capaci-
tor 406, which is formed by a first conductive layer 43, a
second conductive layer 45, and a second insulating layer 44
disposed between the first conductive layer 43 and the
second conductive layer 45, where, the first conductive layer
43 and the second conductive layer 45 are respectively
electrically connected, inside the pixel unit 4, to the potential
of the transparent common electrode 40 and that of the pixel
electrode 42.

A difference between the third embodiment and the first
embodiment lies in that in the third embodiment, the first
conductive layer 43 and a drain electrode metal 46 are in the
same layer, and the first conductive layer 43 is connected
with the transparent common electrode 40 through a fourth
contact hole G44 and hence provided with the potential of
the common electrode. The second conductive layer 45 as
well as a gate electrode 47 and a scan line are in the same
layer, and the second conductive layer 45 is connected with
the drain electrode metal structure 46 through a third contact
hole G43 and hence provided with the potential of the pixel
electrode. The second insulating layer 44 is a passivation
layer.

A method to embody the structure of pixel unit 4 formed
at a TFT-LCD array substrate, may be implemented through
the following process steps from 30 to 39.

In step 30, a glass substrate is prepared, an insulating layer
(which is herein referred to as an insulating layer A, and in
the present embodiment, a plurality of insulating layers are
formed in several steps, and characters “A, B, C .. .” are
respectively affixed to the insulating layers formed in
sequence, for the purpose of distinction) is formed on the
glass substrate. In general, the insulating layer A is made of
silicon nitride.

In step 31, a polysilicon layer is formed on the insulating
layer A, here, photolithography and etching processes are
performed on the polysilicon layer to form the channel 402,
and then an ion implantation process is also conducted on
the polysilicon layer to form the source electrode 401 and
the drain electrode 403.

In step 32, an insulating layer B, which is used as an
isolation structure (i.e. the gate insulating layer) between the
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source electrode 401 as well as the drain electrode 403 and
a gate electrode 47 to be formed subsequently, is formed on
the polysilicon layer.

In the step 33, a first metal layer is formed on the
insulating layer B, and the photolithography and etching
processes are conducted on the first metal layer to form the
second conductive layer 45; in the present embodiment, the
gate electrode 47 and the scan line are formed simultane-
ously with the second conductive layer 45, that is, forming
the second conductive layer 45 does not require an addi-
tional process step when compared with conventional pro-
cesses, so that manufacturing costs can be reduced.

In step 34, a passivation layer (i.e. an insulating layer C),
which is used as the isolation structure between the gate
electrode 47 as well as the scan line and a data line 48 to be
formed subsequently, is formed on the first metal layer. In
general, the passivation layer is made of silicon oxide or
silicon nitride. Further, the passivation layer is the second
insulating layer 44 isolating the second conductive layer 45
from a first conductive layer 43 to be formed subsequently.
Here, the photolithography and etching processes are con-
ducted on the passivation layer to form a plurality of contact
holes, among which a first contact hole G41 exposes a
portion of the source electrode 401, and a second contact
hole G42 exposes a portion of the drain electrode 403, and
a third contact hole G43 exposes a portion of the second
conductive layer 45.

In step 35, a second metal layer is formed on the passi-
vation layer, and photolithography and etching processes are
conducted on the second metal layer to form the source
electrode metal structure 48, the drain electrode metal 46
and the first conductive layer 43. The source electrode metal
structure 48 is connected with the data line, and further
connected with the source electrode 401 through the first
contact hole G41. The drain electrode metal structure 46 is
connected with the drain electrode 403 through the second
contact hole G42; and further the drain electrode metal 46 is
connected with the second conductive layer 45 through the
third contact hole G43, and hence the second conductive
layer 45 is provided with the potential of the pixel electrode.

In step 36, an organic film layer 404 is formed on the
second metal layer, and the photolithography and etching
processes are conducted on the organic film layer 404 to
form the fourth contact hole (G44, so that the first conductive
layer 43 is exposed; and further a fifth contact hole G45
exposing a portion of the drain electrode metal structure 46
is formed.

In step 37, a transparent common electrode 40 is formed
on the organic film layer 404, and connected with the first
conductive layer 43 through the fourth contact hole G44
formed in the step 36, and hence the first conductive layer
43 is provided with the potential of the common electrode.

In step 38, an insulating layer D, i.e. the first insulating
layer 41 for isolating the transparent common electrode 40
from the pixel electrode 42 to be formed subsequently, is
formed on the transparent common electrode 40, and the
photolithography and etching processes are conducted on
the insulating layer D to expose the fifth contact hole G45,
so that the drain electrode metal structure 46 is exposed.

In step 39, the pixel electrode 42, which is connected with
the drain electrode metal 46 through the fifth contact hole
G485, is formed on the first insulating layer 41.

The first storage capacitor 400 and the second storage
capacitor 406 are thus formed by the above process steps,
where the second storage capacitor 406 is formed by the first
conductive layer 43, the second conductive layer 45, and the
second insulating layer 44 disposed between the first con-
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ductive layer 43 and the second conductive layer 45. The
first conductive layer 43 and the second conductive layer 45
are electrically connected, within the pixel unit 4, to the
potential of the transparent common electrode 40 and that of
the pixel electrode 42, respectively.

In the third embodiment of the present invention, since the
first conductive layer 43 is formed on the second metal layer,
the distance between the first conductive layer and the
transparent common electrode 40 is reduced, so that the
contact hole for connecting the first conductive layer 43 with
the transparent common electrode 40 can be shallow,
thereby ensuring the reliability of the contact holes, and
hence ensuring the reliability of the TFT-LCD array sub-
strate.

Fourth Embodiment

FIG. 5 is a schematic cross-sectional view of a TFT-LCD
array substrate according to the fourth embodiment. As
shown in FIG. 5, each pixel unit 5 includes: a thin film
transistor switch 505 (not shown in FIG. 5), a pixel electrode
52, and a transparent common electrode 50, where a parallel
electric field may be formed between the pixel electrode 52
and the transparent common electrode 50. Pixel unit 5 also
includes a first storage capacitor 500, which is formed by the
transparent common electrode 50, the pixel electrode 52
located above the transparent common electrode 50, and a
first insulating layer 51 disposed between the transparent
common electrode 50 and the pixel electrode 52.

The pixel unit 5 further includes: a second storage capaci-
tor 506, which is formed by a first conductive layer 53, a
second conductive layer 55, and a second insulating layer 54
disposed between the first conductive layer 53 and the
second conductive layer 55, where, the first conductive layer
53 and the second conductive layer 55 are respectively
electrically connected, inside the pixel unit 5, to the potential
of the transparent common electrode 50 and that of the pixel
electrode 52.

A difference between the fourth embodiment and the first
embodiment lies in that the gate structure in the fourth
embodiment is a top-gate electrode structure, and the gate
electrode structure in the first embodiment (also in the
second and third embodiments) is a bottom-gate electrode
structure. As can be seen, the structure of the gate electrode
can be positioned in a number of ways in the TFT substrate
array provided by the present invention. According to
embodiments of the present invention, the gate electrode can
be a top-gate electrode structure or a bottom-gate electrode
structure.

FIG. 9 is a flow chart illustrating yet another method 400
for manufacturing a pixel unit according to an embodiment
of the present invention. Method 400 includes the following
steps.

In step 40, a glass substrate is prepared, an insulating layer
(which is herein referred to as an insulating layer A, and in
the present embodiment, a plurality of insulating layers are
formed in several steps, and characters “A, B, C . . . ” are
respectively affixed to the insulating layers formed in
sequence, for the purpose of distinction) is formed on the
glass substrate. In general, the insulating layer A is made of
silicon nitride.

In step 41, a first metal layer is formed on the insulating
layer, here, photolithography and etching processes are
performed on the first metal layer to form the first conduc-
tive layer 53; in the present embodiment, a gate electrode 57
and a scan line are formed simultaneously with the first
conductive layer 53, that is, forming the first conductive
layer 53 does not require for an additional process step in
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comparison with the existing process step, so that the
manufacturing cost can be reduced.

In step 42, an insulating layer B (i.e. the gate insulating
layer), which is used as the isolation structure between the
gate electrode 57 as well as the scan line and a source
electrode 501 as well as a drain electrode 503 to be formed
subsequently. is formed on the first metal layer.

In step 43, a polysilicon layer is formed on the insulating
layer B, and the photolithography and etching processes are
conducted on the polysilicon layer to form the channel 502;
and then an ion implantation process is also conducted on
the polysilicon layer to form the source electrode 501, the
drain electrode 503 and the second conductive layer 55, that
is, forming the second conductive layer 55 does not require
for an additional process step in comparison with the exist-
ing process step, so that the manufacturing cost can be
reduced. In the present embodiment, the second conductive
layer 55 and the drain electrode 503 are connected together,
and hence the second conductive layer 55 is provided with
the potential of the pixel electrode.

In step 44, a passivation layer (i.e. an insulating layer C)
is formed on the polysilicon layer. In general, the passivation
layer is made of silicon oxide or silicon nitride. Here, the
photolithography and etching processes are conducted on
the passivation layer to form a plurality of contact holes,
among which a first contact hole G51 exposes the source
electrode 501 at the polysilicon layer, and a second contact
hole G52 exposes the drain electrode 503 at the polysilicon
layer, and a third contact hole G53 exposes a portion of the
first conductive layer 53.

In step 45, a second metal layer is formed on the passi-
vation layer, and photolithography and etching processes are
conducted on the second metal layer to form the data line,
the source electrode metal 58 and the drain electrode metal
56. The source electrode metal 58 is connected with the
connected with the source electrode 501 through the first
contact hole G51; the drain electrode metal 56 is connected
with the drain electrode 503 at the polysilicon layer through
the second contact hole G52.

In step 46, an organic film layer 504 is formed on the
second metal layer, and the photolithography and etching
processes are conducted on the organic film layer 504 to
form the third contact hole G53, so that the first conductive
layer 53 is exposed; and further a fourth contact hole G54
exposing the drain electrode metal 56 is formed.

In step 47, a transparent common electrode 50 is formed
on the organic film layer, and connected with the first
conductive layer 53 through the third contact hole G53.

In step 48, an insulating layer D, i.e. the first insulating
layer 51 for isolating the transparent common electrode 50
from the pixel electrode 52 to be formed subsequently, is
formed on the transparent common electrode 50, and the
photolithography and etching processes are conducted on
the insulating layer D to expose the fourth contact hole G54,
so that the drain electrode metal 56 is exposed.

In step 49, the pixel electrode 52, which is connected with
the drain electrode metal 56 through the fourth contact hole
G54, is formed on the first insulating layer 51.

The first storage capacitor 500 and the second storage
capacitor 506 are thus formed by the above process steps,
where the second storage capacitor 506 is formed by the first
conductive layer 53, the second conductive layer 55, and the
second insulating layer 54 disposed between the first con-
ductive layer 53 and the second conductive layer 55; and the
first conductive layer 53 and the second conductive layer 55
are respectively electrically connected, inside the pixel unit

10

15

20

25

30

35

40

45

50

55

60

65

16

5, to the potential of the transparent common electrode 50
and that of the pixel electrode 52.

Likewise, in the structure of the TFT having the bottom-
gate electrode structure, a metal conductive pad, which is in
the same layer with the data line, may also be provided to
electrically connect the first conductive layer 53 with the
transparent common electrode 50, as described in the third
embodiment. Particularly, for example, a portion of the first
conductive layer 53 is exposed by a contact hole provided in
the passivation layer; then a metal in the same layer with the
data line is used as the metal conductive pad, which is
connected with the first conductive layer 53 through the
contact hole; and then another contact hole, through which
the transparent common electrode 50 is connected with the
metal conductive pad, is provided in the organic film layer
504, thereby connecting the first conductive layer 53 with
the transparent common electrode 50. With such structure,
the depth of the contact hole for connecting the first con-
ductive layer 53 with the transparent common electrode 50
may be reduced, thereby improving the reliability of the
process, which will not be described again therein, and
reference may be made to the third and fourth embodiments
specifically.

While the advantages and embodiments of the present
invention have been depicted and described, there are many
more possible embodiments, applications and advantages
without deviating from the spirit of the inventive ideas
described herein. For example, the metal layer for forming
the gate electrode is disposed closer to the substrate than the
silicon polysilicon layer in an embodiment. In another
embodiment, the gate electrode and the scan line are formed
concurrently (simultaneously) with the first conductive
layer. It will be apparent to those skilled in the art that many
modifications and variations in construction and widely
differing embodiments and applications of the present inven-
tion will suggest themselves without departing from the
spirit and scope of the invention.

What is claimed is:

1. A pixel unit of an IPS type TFT-LCD array substrate
having a plurality of pixel units, the pixel unit comprising:

a thin film transistor switch, a pixel electrode, and a
transparent common electrode, so that a parallel elec-
tric field is formed between the pixel electrode and the
transparent common electrode; wherein the transparent
common electrode is located between the pixel elec-
trode and a substrate;

a first storage capacitor being formed by the transparent
common electrode, the pixel electrode, and a first
insulating layer disposed between the transparent com-
mon electrode and the pixel electrode; and

a second storage capacitor being formed by a first con-
ductive layer, a second conductive layer, and a second
insulating layer disposed between the first conductive
layer and the second conductive layer;

wherein the first conductive layer is electrically connected
within the pixel unit to the transparent common elec-
trode and the second conductive layer is electrically
connected within the pixel unit to the pixel electrode, so
that a common electrode potential is provided to the
first conductive layer or the second conductive layer by
the transparent common electrode connected thereto;
wherein the first conductive layer and the transparent
common electrode are formed in different layers, and
wherein the second conductive layer and the pixel
electrode are formed in different layers.

2. The pixel unit of claim 1, further comprising in

sequence from bottom to top:
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a polysilicon layer including a channel, a source elec-
trode, and a drain electrode;

a gate insulating layer;

a gate electrode;

a passivation layer;

a data line, a source electrode metal structure, and a drain
electrode metal structure on the passivation layer, the
source electrode metal structure, the drain electrode
metal structure;

an organic film layer;

the transparent common electrode;

the first insulating layer; and

the pixel electrode.

3. The pixel unit of claim 2, wherein

the first conductive layer is in the same layer with the gate
electrode, and is connected with the transparent com-
mon electrode through a contact hole;

the second conductive layer is in the same layer with the
drain electrode at the polysilicon layer, and is con-
nected with the drain electrode; and

the second insulating layer is the gate insulating layer.

4. The pixel unit of claim 3, wherein

the first conductive layer and the gate electrode are
formed in the same process step; and

the second conductive layer and the drain electrode at the
polysilicon layer are formed in the same process step.

5. The pixel unit of claim 2, wherein

the first conductive layer is in the same layer with the gate
electrode, and is connected with the transparent com-
mon electrode through a metal conductive pad,

the second conductive layer is in the same layer with the
drain electrode at the polysilicon layer, and is con-
nected with the drain electrode; and

the second insulating layer is the gate insulating layer.

6. The pixel unit of claim 5, wherein

the metal conductive pad, the data line, the source elec-
trode metal structure, and the drain electrode metal
structure are formed in the same layer and formed in the
same process step, the metal conductive pad having one
side connected with the first conductive layer through
a first contact hole, and an opposite side connected with
the transparent common electrode through a second
contact hole.

7. The pixel unit of claim 2, wherein

the first conductive layer is in the same layer with the
drain electrode metal structure, and is connected with
the transparent common electrode through a contact
hole;

the second conductive layer is in the same layer with the
gate electrode, and is connected with the drain elec-
trode metal structure through a contact hole; and

the second insulating layer is the passivation layer.

8. The pixel unit of claim 7, wherein

the first conductive layer and the drain electrode metal are
formed in the same process step; and

the second conductive layer and the gate electrode are
formed in the same process step.

9. The pixel unit of claim 1, further comprising:

a gate electrode on the substrate;

a gate insulating layer on the gate electrode;

a polysilicon layer on the gate insulating layer, the poly-
silicon layer including a channel, a source electrode
and a drain electrode;

a passivation layer on the polysilicon layer;

a data line, a source electrode metal structure and a drain
electrode metal structure on the passivation layer;
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an organic film layer on the data line, the source electrode
metal structure and on the drain electrode metal struc-
ture;

the transparent common electrode on the organic film
layer;

the first insulating layer on the transparent common
electrode; and

the pixel electrode on the first insulating layer.

10. The pixel unit of claim 9, wherein

the first conductive layer is in the same layer with the gate
electrode, and is connected with the transparent com-
mon electrode through a contact hole;

the second conductive layer and the drain electrode are
formed on a same second layer, the second conductive
layer connected with the drain electrode; and

the second insulating layer is the gate insulating layer.

11. The pixel unit of claim 10, wherein

the first conductive layer and the gate electrode are
formed in the same process step; and

the second conductive layer and the drain electrode are
formed in the same process step.

12. The pixel unit of claim 9, wherein

the first conductive layer and the gate electrode are
formed in a same layer, the first conductive layer
connected with the transparent common electrode
through a metal conductive pad;

the second conductive layer and the drain electrode are
formed in a same layer, the second conductive layer
connected with the drain electrode; and

the second insulating layer is the gate insulating layer.

13. A method for manufacturing an IPS type TFT-LCD

array containing a plurality of pixel units, the method
comprising:

providing a substrate including the TFT-LCD array, each
of the pixel units having an area, wherein a pixel umt
comprises:

a thin film transistor switch, a pixel electrode, a transpar-
ent common electrode, and a first insulating layer
disposed between the transparent common electrode
and the pixel electrode, so that a parallel electric field
is formed between the pixel electrode and the trans-
parent common electrode; wherein the transparent
common electrode 1s located between the pixel elec-
trode and a substrate;

a first storage capacitor being formed by the transparent
common electrode, the pixel electrode, and the first
insulating layer; and

a second storage capacitor being formed by a first con-
ductive layer, a second conductive layer, and a second
insulating layer disposed between the first conductive
layer and the second conductive layer;

wherein the first conductive layer is electrically connected
within the area of the pixel unit to the transparent
common electrode and the second conductive layer is
electrically connected within the area of the pixel umt
to the potential of the transparent common electrode
and that of the pixel electrode, so that a common
electrode potential is provided to the first conductive
layer or the second conductive layer by the transparent
common electrode connected thereto; the first conduc-
tive layer and the transparent common electrode are
formed in different layers, the second conductive layer
and the pixel electrode are formed in different layers.
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