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s ]
forming a gate of a thin film transistor on a substrate
forming a first transparent electrode -electrically
connected with the gate on the substrate and the gate
forming a gate insulation layer on the gate and the
first transparent electrode
forming an active layer, a source and a drain of the
thin film transistor on the gate insulation layer

forming a second transparent electrode electrically

connected with the drain and opposite to the first

transparent electrode

Fig. 4
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ACTIVE MATRIX ORGANIC
LIGHT-EMITTING DIODE ARRAY
SUBSTRATE, MANUFACTURING METHOD
THEREOF AND DISPLAY DEVICE
INCLUDING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device, more
particularly, relates to an active matrix organic light-emitting
diode array substrate, a manufacturing method thereof and a
display device including the same.

2. Description of the Related Art

An organic light-emitting diode (OLED) display screen
has been widely used in display device due to its following
advantages: thin and light structure, wide visual angle, active
light-emission, continue adjustment of emitting light color,
low cost, quick response, low power consumption, low drive
voltage, wide range of work temperature, simple manufactur-
ing process, high emission efficiency, and the capability of
becoming flexible and the like.

According to the driving modes, the OLED may be divided
into Passive Matrix (PM) OLED and Active Matrix (AM)
OLED. In the PMOLED, the anodes and the cathodes are
arranged in matrix manner, and the pixels in the array may be
lighten in scanning manner, wherein, each of the pixels woks
in the short-duration pulse mode and may emit light with high
luminance for a moment. The PMOLED has a simple struc-
ture and may lower the manufacturing cost efficiently, but is
not suitable for a display panel with large scale and high
resolution due to the relatively high drive voltage. In the
AMOLED, each of the pixels is controlled by using an inde-
pendent TFT (Thin Film Transistor, TFT) and may emit light
continuously and independently under drive of TFT. The
AMOLED has lower drive voltage and longer life time and
may be applied to a display panel with large scale, but has
relatively complicated manufacturing process and relatively
high cost.

According to the light-emission types, the AMOLED may
be divided into top-emission type (the light is emitted out
from the upper substrate) AMOLED and bottom-emission
type (the light is emitted out from the lower substrate)
AMOLED. FIG. 1 is a schematic view of sectional structure
of apixel unit at the position of TFT of bottom-emission type
AMOLED array substrate in prior art. The pixel unit com-
prises: asubstrate 1, a gate 22 located on the substrate 1, a gate
insulation layer 4 covering the gate 22, an active layer 5
located on the gate insulation layer 4 and opposite to the
position of the gate 22, a source 6 and a drain 7 oppositely
provided on the active layer 5, a first insulation layer 8 located
on the source 6 and the drain 7, and a transparent electrode 23
connected to the drain 7 through a via 9 penetrating the first
insulation layer 8, wherein, a partarea of the gate 22 is aligned
with the position of the drain 7, thereby a storage capacitor
100 is formed therebetween.

The array substrate of the bottom-emission type AMOLED
is provided with TFTs and metal wires, which block a part of
light and become an important factor impacting on an apet-
ture ratio of pixel (the aperture ratio means the ratio of an area
of the pixel capable of emitting light to an area of the pixel).
More particularly, in order to solve the problem of nonuni-
form display image quality due to the differences among
pixels, a pixel structure with compensation circuitry is widely
proposed, wherein, the pixel unit comprises two or more
TFTs. With respect to the bottom-emission type structure, the
pixel area occupied by the TFTs and the metal wires is larger;
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the aperture ratio of pixel is smaller, therefore, the luminance
of emitted light should be increased accordingly, the light-
emission device will certainly have increased power con-
sumption and shorten life time. As a result of this, the
improvement of the aperture ratio of pixel is becoming a
pressing problem to be solved.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide an active
matrix organic light-emitting diode array substrate, a manu-
facturing method thereof and a display device including the
same so as to improve the aperture ratio of pixel of the array
substrate.

According to an embodiment of the present invention,
there is provided an active matrix organic light-emitting
diode array substrate, comprising:

a substrate; and

a plurality of pixel units located on the substrate and
arranged in an array, each of the pixel units comprising a thin
film transistor, a first transparent electrode, a second trans-
parent electrode and a gate insulation layer provided between
the first transparent electrode and the second transparent elec-
trode;

wherein, the first transparent electrode is provided on the
substrate and is electrically connected to a gate of the thin film
transistor, and the second transparent electrode and the first
transparent electrode are positioned opposite to each other to
form a storage capacitor of the pixel unit therebetween.

In the above active matrix organic light-emitting diode
array substrate, the first transparent electrode and the second
transparent electrode have the same electrode pattern.

In the above active matrix organic light-emitting diode
array substrate, the first transparent electrode is partly lapped
over an upper surface of the gate.

In the above active matrix organic light-emitting diode
array substrate, the first transparent electrode is used as a
bottom electrode of the storage capacitor of the pixel unit, and
the second transparent electrode is used as a pixel electrode of
the pixel unit as well as a top electrode of the storage capacitor
of the pixel unit.

In the above active matrix organic light-emitting diode
array substrate, a first insulation layer is formed on the thin
film transistor, and the second insulation layer is electrically
connected with the drain of the thin film transistor through a
via formed in the first insulation layer.

According to a further embodiment of the present inven-
tion, there is provided a manufacturing method for the active
matrix organic light-emitting diode array substrate, compris-
ing steps of:

forming a gate of a thin film transistor on a substrate;

forming a first transparent electrode electrically connected
to the gate on the substrate and the gate;

forming a gate insulation layer on the gate and the first
transparent electrode;

forming an active layer, a source and a drain of the thin film
transistor on the gate insulation layer;

forming a second transparent electrode electrically con-
nected to the drain of the thin film transistor and opposite to
the first transparent electrode.

In the above manufacturing method, the first transparent
electrode and the second transparent electrode are formed by
a mask with the same pattern.

In the above manufacturing method, in the step of forming
the first transparent electrode electrically connected to the
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gate on the substrate and the gate, the first transparent elec-
trode which is partly lapped over an upper surface of the gate
is formed on the substrate.

In the above manufacturing method, in the step of forming
the active layer, the source and the drain of the thin film
transistor on the gate insulation layer, a first insulation layer is
formed on the active layer, the source and the drain, and a via
through which the drain of the thin film transistor is connected
with the second transparent electrode is formed in the first
insulation layer.

According to a still further embodiment of the present
invention, there is provided a display device comprising the
active matrix organic light-emitting diode array substrate of
any of above technical solutions. The display device has
relatively high aperture ratio of pixel, improved display qual-
ity, lower power consumption and longer life time.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the accompanying
drawings, in which:

FIG. 1 is a schematic view of sectional structure of a pixel
unit at a position of TFT of an AMOLED array substrate in
prior art;

FIG. 2 is a schematic view of sectional structure of a pixel
unit at a position of TFT of an AMOLED array substrate
according to a first exemplary embodiment of the present
invention;

FIG. 3 is a schematic view of sectional structure of a pixel
unit at a position of TFT of the AMOLED array substrate
according to a second exemplary embodiment of the present
invention; and

FIG. 4 is a flow chart of a method of manufacturing an
AMOLED array substrate according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

In order to completely understand the object, technical
solution and advantages of the present invention, exemplary
embodiments of the present disclosure will be described here-
inafter in detail with reference to the attached drawings.
Before the description, the person skilled in the art should
understand that the invention described herein can be modi-
fied and the modified technical solution can obtain the tech-
nical effect of the present invention. Thus, it should be under-
stood by the person skilled in the art that the above description
is merely wide disclosure, the content of which is not limited
to the exemplary embodiments described by the present
invention. The same reference signs in different drawings
indicate the same or similar structures.

According to a general concept of the present invention,
there is provided an active matrix organic light-emitting
diode array substrate (AMOLED for short hereinafter), a
method of manufacturing the AMOLED and a display device
including the same. In the technical solution of the array
substrate of the embodiment of the present invention, a first
transparent electrode is provided on a substrate and is elec-
trically connected to a gate of a thin film transistor; a second
transparent electrode is electrically connected to a drain of the
thin film transistor, and the second transparent electrode is
arranged opposite to the first transparent electrode so as to
form a storage capacitor of a pixel unit therebetween. Opaque
areas of the gate and the drain may be designed to be relatively
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small, and the first and second transparent electrode with a
high light transmittance has a relatively large area, and the
storage capacitor is formed therebetween. In this way, the
aperture ratio of pixel of the array substrate is improved, and
the display device comprising the array substrate of the
embodiment of the present invention thus has improved dis-
play quality, lower power consumption and longer life time.

As shown in FIG. 2, the AMOLED array substrate accord-
ing to the first exemplary embodiment of the present inven-
tion comprises a substrate 1 and a plurality of pixel units
located on the substrate 1 and arranged in array manner,
wherein, each of the pixels comprises a thin film transistor, a
first transparent electrode 3 and a second transparent elec-
trode 10. The first transparent electrode 3 is provided on the
substrate 1 and is electrically connected to a gate 2 of the thin
film transistor. A gate insulation layer 4 is provided on the
gate 2 and the first transparent electrode 3, and a source and a
drain of the thin film transistor are formed on the gate insu-
lation layer 4. A first insulation layer is provided on the source
and the drain, and a second transparent electrode 10 is pro-
vided on the first insulation layer. The second transparent
electrode 10 is electrically connected to the drain 7 of the thin
film transistor and is arranged opposite to the first transparent
electrode 3, i.e. the second transparent electrode 10 is at least
partly overlapped with the first transparent electrode 3 in a
direction perpendicular to the substrate, to obtain a large
overlapping area. In an exemplary embodiment, the first
transparent electrode 3 is located directly below the second
transparent electrode 10, that’s to say, the second transparent
electrode 10 is fully overlapped with the first transparent
electrode 3.

As can be seen from the comparison between FIG. 1 and
FIG. 2, apart of regions of the gate 22 needs to be opposite to
the drain 7 to form the storage capacitor 100 in FIG. 1. In
order to conform the value of the storage capacitor 100 to the
design requirement, the area of this part of the regions is
arranged generally large, thereby the aperture ratio of pixel
being impacted. However, in the AMOLED array substrate as
shown in FIG. 2, the areas of the gate 2 and the drain 7 which
are opaque may be designed to be relatively small, and the
second transparent electrode 10 with a high light transmit-
tance is arranged to at least partly overlap over the first trans-
parent electrode 3 with a high light transmittance in thickness
direction, and the overlapping area is relatively large and a
storage capacitor 100" is formed therebetween. Therefore, as
compared with the AMOLED array substrate as shown in
FIG. 1 in the prior art, the aperture ratio of pixel of the
AMOLED array substrate of the embodiment of the present
invention can be significantly increased, and the display
device comprising the array substrate of the embodiment of
the present invention thus has improved display quality, lower
power consumption and longer life time.

In an embodiment, the first transparent electrode 3 and the
second transparent electrode 10 have the same pattern. In this
way, processes of patterning the first transparent electrode 3
and the second transparent electrode 10 may be performed by
the same mask. During the manufacture of the AMOLED
array substrate of the embodiment of the present invention,
the aperture ratio of pixel may be increased without increas-
ing the number of the mask; thereby the manufacturing cost is
significantly reduced.

In a further embodiment, the first transparent electrode 3 is
used as the bottom electrode of the storage capacitor 100 of
the pixel unit, and the second transparent electrode 10 is used
as the pixel electrode of the pixel unit (the pixel electrode can
be used as the anode or cathode of the OLED display element)
as well as the top electrode of the storage capacitor 100 of the
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pixel unit at the same time. In this way, the first transparent
electrode 3, the second transparent electrode 10 and the pixel
electrode are actually manufactured by the same mask,
thereby further reducing the manufacturing cost.

Still referring to FIG. 2, the first transparent electrode 3 is
partly lapped over the upper surface of the gate 2. In this way,
the first transparent electrode 3 may be reliably electrically
connected to the gate 2, and requirement for the manufactut-
ing precision of the first transparent electrode 3 may be rela-
tively low, thereby the manufacturing cost is further reduced.
Tt should be noted that in an alternative embodiment, the gate
2 may be partly lapped over the first transparent electrode 3 so
as to similarly realize the reliable connection between the first
transparent electrode 3 and the gate 2.

An active layer 5, the source 6 and the drain 7 of the thin
film transistor, on which the first insulation layer 8 is formed,
may be formed on the gate insulation layer 4. The second
insulation layer 10 is electrically connected to the drain 7 of
the thin film transistor through the via 9 formed in the first
insulation layer 8, thereby the manufacturing process is sim-
ply and the electrical connection is reliable.

To be specific, in the AMOLED array substrate according
to the first exemplary embodiment as shown in FIG. 2, each of
the pixel units comprises:

the gate 2 provided on the substrate 1;

the first transparent electrode 3 provided on the substrate 1
and electrically connected to the gate 2;

the gate insulation layer 4 provided on the gate 2 and the
first transparent electrode 3;

the active layer 5 provided on the gate insulation layer 4
and opposite to the gate 2;

the source 6 and the drain 7 oppositely provided on the
active layer 5;

the first insulation layer 8 provided on the source 6 and the
drain 7 and having the via 9 leading to the drain 7,

the second transparent electrode 10 provided on the first
insulation layer 8 and electrically connected to the drain 7
through the via 9 and opposite to the first transparent elec-
trode 3.

FIG. 3 is a schematic view of sectional structure of a pixel
unit at the position of TFT of the AMOLED array substrate
according to a second exemplary embodiment of the present
invention. When the active layer 5 is made of oxide semi-
conductor material, for example, Indium gallium zinc oxide
or hafnium Indium zinc oxide, there is also provided with an
etch-resistant layer 11 between the active layer 5 and the
source 6 and between the active layer 5 and the drain 7, and
the source 6 and the drain 7 penetrate the corresponding vias
(not shown by reference sign) of the etch-resistant layer 11 to
connect to the active layer 5, respectively. When the metal
material used as the source and the drain is etched, the etch-
resistant layer 11 may efficiently prevent the channel region
ofthe active layer 5 from being damaged by etching, such that
the thin film transistor may work normally so as to improve
the pass percent of the array substrate.

The substrate 1 may be made of a glass substrate, a resin
substrate or a plastic substrate and the like. The material for
making the gate 2, the source 6 and the drain 7 has no limi-
tation, and for example, aluminum, copper and molybdenum
can be used. The active layer 5 may be made of amorphous
silicon, polycrystalline silicon or oxide semi-conductor mate-
rial, for example, Indium gallium zinc oxide or hafnium
Indium zinc oxide, and the like. The first transparent electrode
3 and the second transparent electrode 10 may be made of the
same material and also may be made of different material,
such as they may be made of Indium tin oxide and Indium zinc
oxide, respectively. The material for making the gate insula-
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tion layer 4 may include silicon nitride, and the first insulation
layer 8 may include a plurality of layers, such as silicon
nitride layer and flattened organic film layer, which is located
on the silicon nitride layer, such as a resin layer).

The pixel drive circuitry used for the AMOLED array
substrate of the embodiment of the present invention may
comprise a 2T1C structure (i.e. the pixel drive circuitry com-
prises two thin film transistors and a storage capacitor) and
may also comprise a compensation structure with more than
two thin film transistors. In these pixel structures, since the
areas of the source and the drain of the thin film transistors are
relatively small, the aperture ratio of pixel is relatively large,
the display quality is relatively good, and the power consump-
tion is relatively low.

Referring to FIG. 2, as compared with the prior art as
shown in FIG. 1, the area of the storage capacitor 100' of the
AMOLED array substrate of this embodiment is increased to
be about five times of that in the prior art. Meanwhile, the
medium thickness of the storage capacitor 100’ is a sum of
thickness of the gate insulation layer 4 and the thickness of the
first insulation layer 8 and also increases to beabout five times
of that in the prior art as shown in FIG. 1 (in prior art, the
medium thickness of the storage capacitor 100 is equal to the
thickness of the gate insulation layer 4). As can be inferred
from the calculation formula of the value of storage capacitor
C=€A/d (wherein C is the value of storage capacitor, € is the
dielectric constant, A is the area of polar plate of the storage
capacitor, d is the medium thickness of the storage capacitor),
the value of storage capacitor is not decreased and may be in
conformity with the electrical performance requirement of
the product.

As shown in FIG. 4, there is also provided a method of
manufacturing an AMOLED array substrate according to
embodiments (as shown in FIG. 2) of the present invention,
the method comprising steps of:

Step 101: forming a gate 2 of a thin film transistor on a
substrate 1;

Step 102: forming a first transparent electrode 3 electri-
cally connected to the gate 2 on the substrate 1 and the gate 2;

Step 103: forming a gate insulation layer 4 on the gate 2 and
the first transparent electrode 3;

Step 104: forming an active layer 5, and a source 6 and a
drain 7 of the thin film transistor on the gate insulation layer
4,

Step 105: forming a second transparent electrode 10 elec-
trically connected to the drain 7 of the thin film transistor 9
and opposite to the first transparent electrode 3.

The pattern of each layer on the substrate 1 is usually
formed by patterning process, one patterning process gener-
ally comprises process of cleaning substrate, forming film,
applying photoresist, exposing, developing, etching, and
peeling photoresist and the like. With respect to a metal layer,
it is generally formed by means of physical vapor deposition
(for example, magnetron sputtering), and is patterned by wet
etching. However, with respect to a non-metal layer, it is
generally formed by means of chemical vapor deposition and
is patterned by dry etching. After the step 105, each of the
functional layers of the OLED is continuously formed by
means of evaporation.

In the AMOLED array substrate made by the above
method, the non-transparent areas of the gate 2 and the drain
7 may be designed to be relatively small, and the second
transparent electrode 10 with a high light transmittance is
opposite to the first transparent electrode 3 with a high light
transmittance, and the overlapping area thereof is relatively
large and a storage capacitor 100" is formed therebetween.
Thus, as compared with the prior art, the aperture ratio of
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pixel of the AMOLED array substrate of the embodiment of
the present invention may be significantly increased, and the
display device thus has improved display quality, lower
power consumption and longer life time.

In an embodiment, in step 102 and step 105, the first trans-
parent electrode 3 and the second transparent electrode 10 are
made by a mask having the same pattern. In this way, five
pieces of masks are used to manufacture the pixel structure as
shown in FIG. 2. As compared with the prior art, this method
will not increase the number of used masks, but reduce the
manufacturing cost while increasing the aperture ratio of
pixel.

In an embodiment, in step 102, the first transparent elec-
trode 3 is formed on the substrate 1 and partly lap-joined onto
the upper surface of the gate 2. In this way, the first transparent
electrode 3 may be reliably electrically connected to the gate
2 and be manufactured with relatively low precision require-
ment, thus, the manufacturing cost can be further reduced.

In step 103, a first insulation layer 8 is further formed on the
active layer 5, and the source 6 and the drain 7 of the thin film
transistor, and a via 9 through which the drain 7 of the thin
film transistor is connected with the second transparent elec-
trode 10 is formed in the first insulation layer 8.

Specifically, the method for manufacturing the AMOLED
array substrate as shown in FIG. 2 includes steps of:

forming the gate 2 on the substrate 1;

forming the first transparent electrode 3 electrically con-
nected to the gate 2 on the substrate 1;

forming the gate insulation layer 4 on the gate 2 and the first
transparent electrode 3;

forming the active layer 5 opposite to the gate 2 on the gate
insulation layer 4;

forming the source 6 and the drain 7 oppositely provided on
the active layer 5;

forming the first insulation layer 8 on the active layer 6, the
source 6 and the drain 7, and forming the via 9 leading to the
drain 7 on the first insulation layer 8;

forming the second transparent electrode 10 on the first
insulation layer 8, the second transparent electrode 10 being
electrically connected to the drain 7 through the via 9 and
opposite to the first transparent electrode 3.

Further, as shown in FIG. 3, when the active layer 5 is made
of oxide semi-conductor, after forming the active layer 5 and
before forming the source 6 and the drain 7, an etch-resistant
layer 11 is formed on the active layer 5, and vias are formed
at the positions on the etch-resistant layer 11 corresponding to
the source 6 and the drain 7, respectively.

In the subsequent steps, when the metal material for form-
ing the source and the drain is etched, the etch-resistant layer
11 may efficiently prevent the channel region of the active
layer 5 from being damaged by etching such that the thin film
transistor may work normally so as to improve the pass per-
cent of the array substrate.

There is also provided a display device in an embodiment
according to a further aspect of the present invention, and the
display device comprises the AMOLED array substrate
according to any of above-mentioned embodiments. The dis-
play device has relatively high aperture ratio of pixel,
improved display quality, lower power consumption and
longer life time. The display device is not limited to specific
type of display device, for example, may be an AMOLED
display device and an AMOLED TV or the like.

It is obvious for the person skilled in the art that various
changes or modifications may be made in these embodiments
without departing from the principles and spirit of the disclo-
sure. In this way, supposing that these changes or modifica-
tion to the present invention are within the claims and their
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equivalents, the present invention intends to include these
changes or modification therein.

What is claimed is:

1. An active matrix organic light-emitting diode array sub-
strate, comprising:

a substrate; and

a plurality of pixel units located on the substrate and

arranged in an array, each of the pixel units comprising
a thin film transistor, a first transparent electrode, a sec-
ond transparent electrode and a gate insulation layer
provided between the first transparent electrode and the
second transparent electrode;

wherein, the first transparent electrode is provided on the

substrate and is electrically connected to a gate of the
thin film transistor; the second transparent electrode is
electrically connected to a drain of the thin film transis-
tor, and the second transparent electrode and the first
transparent electrode are positioned opposite to each
other to form a storage capacitor of the pixel unit ther-
ebetween.

2. The active matrix organic light-emitting diode array
substrate of claim 1, wherein, the first transparent electrode
and the second transparent electrode have the same electrode
pattern.

3. The active matrix organic light-emitting diode array
substrate of claim 1, wherein, the first transparent electrode is
partly lapped over an upper surface of the gate.

4. The active matrix organic light-emitting diode array
substrate of claim 1, wherein, the first transparent electrode is
used as a bottom electrode of the storage capacitor of the pixel
unit, and the second transparent electrode is used as a pixel
electrode of the pixel unit as well as a top electrode of the
storage capacitor of the pixel unit.

5. The active matrix organic light-emitting diode array
substrate of claim 1, wherein, a first insulation layer is formed
on the thin film transistor, and the second insulation layer is
electrically connected with the drain of the thin film transistor
through a via formed in the first insulation layer.

6. A display device comprising the active matrix organic
light-emitting diode array substrate of claim 1.

7. The display device of claim 6, wherein, the first trans-
parent electrode and the second transparent electrode have the
same electrode pattern.

8. The display device of claim 6, wherein, the first trans-
parent electrode is partly lapped over an upper surface of the
gate.

9. The display device of claim 6, wherein, the first trans-
parent electrode is used as a bottom electrode of the storage
capacitor of the pixel unit, and the second transparent elec-
trode is used as a pixel electrode of the pixel unit as well asa
top electrode of the storage capacitor of the pixel unit.

10. The display device of claim 6, wherein, a first insulation
layer is formed on the thin film transistor, and the second
transparent electrode is electrically connected with the drain
of the thin film transistor through a via formed in the first
insulation layer.

11. A manufacturing method for an active matrix organic
light-emitting diode array substrate, comprising steps of:

forming a gate of a thin film transistor on a substrate;

forming a first transparent electrode electrically connected
to the gate;

forming a gate insulation layer on the gate and the first

transparent electrode;

forming an active layer, a source and a drain of the thin film

transistor on the gate insulation layer; and
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forming a second transparent electrode electrically con-
nected to the drain of the thin film transistor and opposite
to the first transparent electrode.

12. The manufacturing method of claim 11, wherein, the
first transparent electrode and the second transparent elec-
trode are formed by a mask with the same pattern.

13. The manufacturing method of claim 11, wherein, in the
step of forming the first transparent electrode electrically
connected to the gate, the first transparent electrode is partly
lapped over an upper surface of the gate formed on the sub-
strate.

14. The manufacturing method of claim 11, wherein, in the
step of forming the active layer, the source and the drain of the
thin film transistor on the gate insulation layer, a first insula-
tion layer is formed on the active layer, the source and the
drain, and a via through which the drain of the thin film
transistor is connected with the second transparent electrode
is formed in the first insulation layer.
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