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7) ABSTRACT

The invention discloses an OLED device including: a flex-
ible substrate; a first anode and a second anode on the
flexible substrate and being spaced from each other to form
a channel therebetween; a flexible electrically-conductive
assembly in the channel and connecting the first anode with
the second anode; a first organic light emitting layer on the
first anode and a second organic light emitting layer on the
second anode; and a cathode on the first and the second
organic light emitting layers. The invention can improve the
flexibility of the anode of the OLED device, reduce an actual
continuous length of the anode on a bending direction,
reduce the probability of crack generation in the process of

(51) Imt. CL the OLED device being bent by external force, and therefore
HOIL 51/52 (2006.01) can increase bendable and wearable abilities of a flexible
HOIL 51/00 (2006.01) OLED display device formed by such OLED device.
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OLED DEVICE AND MANUFACTURING
METHOD THEREOF, AND FLEXIBLE
DISPLAY UNIT

TECHNICAL FIELD

[0001] The invention relates to the field of semiconductor
technology, and more particularly to an OLED (Organic
Light Emitting Diode) device and a manufacturing method
thereof, and further a flexible display unit.

DESCRIPTION OF RELATED ART

[0002] In the flexible display technology, how to improve
the flexibility of respective parts of a flexible display device
and avoid the failure of device caused by broken or irre-
versible deformation of a certain portion in the process of the
flexible display device being bent, flexed or squeezed are
prerequisite to ensure successful application of the flexible
display device.

[0003] Especially in the flexible OLED display panel, one
of keys is to prevent cracks resulting from uneven stress
occurred on some rigid layers of the flexible OLED display
panel when encountering excessively large bending radius
of curvature. Usually, in the flexible OLED display panel,
anodes of OLED devices usually are composed of a trans-
parent electrically-conductive oxide such as indium tin
oxide (ITO). The flexibility of these electrically-conductive
oxide films is lower than that of the other organic films in the
OLED devices, it is easier to crack at the anodes in the
process of the OLED devices being subjected to the bending
of external force, which would cause brightness of a display
pixel constituted by such OLED device to be reduced or
even failure.

SUMMARY

[0004] In order to solve the problems existed in the prior
art, an objective of the invention is to provide an OLED
device. In particular, the OLED device includes: a flexible
substrate; a first anode and a second anode formed on the
flexible substrate, wherein the first anode and the second
anode are spaced from each other to form/define a channel
therebetween; a flexible electrically-conductive assembly in
the channel, wherein the flexible electrically-conductive
assembly electrically connects the first anode with the
second anode; a first organic light emitting layer on the first
anode and a second organic light emitting layer on the
second anode; a planarization insulating layer on the flexible
electrically-conductive assembly; and a cathode on the first
organic light emitting layer, the second organic light emit-
ting layer and the planarization insulating layer.

[0005] Further, the flexible electrically-conductor assem-
bly includes a plurality of electrically-conductive nanowires,
wherein the plurality of electrically-conductive nanowires
are arranged in an array in the channel, and each of the
plurality of electrically-conductive nanowires connects the
first anode with the second anode.

[0006] Still further, each of the electrically-conductive
nanowires is made of silver or a metallic carbon nanotube.
[0007] Another objective of the invention is to provide a
manufacturing method of an OLED device. The manufac-
turing method includes steps of: providing a flexible sub-
strate; forming a first anode and a second anode spaced from
each other on the flexible substrate, wherein a spacing
between the first anode and the second anode defines a
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channel; forming a flexible electrically-conductive assembly
in the channel, wherein the flexible electrically-conductive
assembly connects the first anode with the second anode;
forming a first organic light emitting layer and a second
organic light emitting layer respectively on the first anode
and the second anode; forming a planarization insulating
layer on the flexible electrically-conductive assembly; and
forming a cathode on the first organic light emitting layer,
the second organic light emitting layer and the planarization
insulating layer.

[0008] Further, a concrete method of forming a flexible
electrically-conductive assembly includes: coating a photo-
resist layer covering the first anode, the second anode and
the channel; using exposure and developing methods to
remove the photoresist layer in the channel to expose the
channel; printing a flexible electrically-conductive assembly
on the remaining photoresist layer as well as in the channel;
removing the remaining photoresist layer and the flexible
electrically-conductive assembly on the remaining photore-
sist layer, and meanwhile retaining/maintaining the flexible
electrically-conductive assembly in the channel.

[0009] Still further, a roll-to-roll printing method or a
direct contact printing method is used to from a plurality of
electrically-conductive nanowires arranged in an array on
the remaining photoresist layer as well as in the channel as
the flexible electrically-conductive assembly.

[0010] Still another objective of the invention is to provide
a flexible display unit. The flexible display unit includes: a
flexible substrate; a buffer layer on the flexible substrate; a
switching element on the buffer layer, wherein the switching
element at least includes a control electrode, an input
electrode and an output electrode; a first planarization layer
on the buffer layer and covering the switching element; a
first anode and a second anode on the first planarization
layer, wherein the first anode and the second anode are
spaced from each other to define/form a channel therebe-
tween, the first anode penetrates through the first planariza-
tion layer to connect the output electrode of the switching
element; a flexible electrically-conductive assembly in the
channel, wherein the flexible electrically-conductive assem-
bly connects the first anode with the second anode; a second
planarization layer covering the first anode, the second
anode and the flexible electrically-conductor assembly; a
first organic light emitting layer and a second organic light
emitting layer in the second planarization layer, wherein the
first organic light emitting layer is in contact with the first
anode, and the second organic light emitting layer is in
contact with the second anode; and a cathode on the second
planarization layer and being in contact with both the first
organic light emitting layer and the second organic light
emitting layer.

[0011] Beneficial effects can be achieved by the invention
are that the invention can improve the flexibility of the anode
of an OLED device, reduce an actual continuous length of
the anode in a bending direction, reduce the probability of
crack generation in the process of the OLED device being
bent by external force, and therefore can increase bendable
and wearable abilities of a flexible OLED display device
formed by such OLED device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other aspects, features and advan-
tages of embodiments of the invention will be more apparent
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from the following detailed description taken in conjunction
with the accompanying drawings, in which:

[0013] FIG.1 is a schematic side view of an OLED device
according to an embodiment of the invention;

[0014] FIG. 2 is a schematic top view of the OLED device
according to the embodiment of the invention;

[0015] FIG. 3 is a flowchart of a manufacturing method of
the OLED device according to an embodiment of the
invention;

[0016] FIG. 4 is a schematic side view of a flexible OLED
display unit according to an embodiment of the invention;
and

[0017] FIG. 5 is a schematic top view of the flexible
OLED display unit according to the embodiment of the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] In the following, various embodiments of the
invention will be described in detail with reference to
accompanying drawings. The invention may be embodied in
many different forms and should not be construed as limiting
to the embodiments set forth herein. Rather, these embodi-
ments are provided to explain the principles of the invention
and its practical applications, so that other skilled in the art
can understand various embodiments of the invention and
various modifications suitable for specific intended applica-
tions.

[0019] In the drawings, in order to make various elements/
components be clear, thicknesses of respective layers and
areas are exaggerated. Moreover, the same reference
numeral always represents the same component in the
drawings.

[0020] It is understood that, although the terminologies
“first” and “second” can be used herein to describe various
components, these components should not be limited by
these terminologies. These terminologies are only used to
distinguish one component from another component.
[0021] It also can be understand that, when one layer or
component is referred to as being or formed “on” or “under”
another layer or a substrate, it may be directly formed on or
under the another layer or the substrate, or have an inter-
mediate layer(s) or an intermediate component(s) existed
therebetween.

[0022] FIG.1 is a schematic side view of an OLED device
according to an embodiment of the invention. FIG. 2 is a
schematic top view of the OLED device according to the
embodiment of the invention. FIG. 3 is a flowchart of a
manufacturing method of the OLED device according to an
embodiment of the invention. In FIG. 2, for convenience of
illustration, some elements/components have been shown in
FIG. 1 are not illustrated.

[0023] Referring to FIG. 1 through FIG. 3, in step 310, a
flexible substrate 110 is provided. Herein, the flexible sub-
strate 110 may be made of a suitable flexible material such
as polyethylene terephthalate (PET) or polyethylene naph-
thalate (PEN), but the invention is not limited to this.
[0024] In step 320, a first anode 150A and a second anode
150B spaced from each other are formed the flexible sub-
strate 110. Herein, a spacing between the first anode 150A
and the second anode 150B defines a channel (no labelled),
and the effect of the channel will be described below.
[0025] Inthe illustrated embodiment, the first anode 150A
and the second anode 150B may be simultaneously formed
or not simultaneously formed, the invention is not particu-
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larly limited. The first anode 150A and the second anode
150B both can be made of indium tin oxide (ITO), but the
invention is not limited to this.

[0026] In step 330, a flexible electrically-conductive
assembly is formed in the channel for connecting the first
anode 150A with the second anode 150B. In the illustrated
embodiment, the flexible electrically-conductive assembly
includes multiple (i.e., more than one) electrically-conduc-
tive nanowires 170 arranged in an array. Each of the
electrically-conductive nanowires 170 connects the first
anode 150A with the second anode 150B, so as to make the
first anode 150A and the second anode 150B be electrically
connected/communicated with each other.

[0027] Furthermore, the conductive nanowire 170 may be
made of an electrically-conductive metal (such as silver,
gold) or a metallic carbon nanotube, but the invention is not
limited to this.

[0028] In addition, a concrete method for forming the
flexible electrically-conductive assembly for connecting the
first anode 150A with the second anode 150B in the channel
may include: firstly, coating a photoresist (1ot shown) cov-
ering the first anode 150A, the second anode 150B and the
channel; subsequently, using exposure and developing meth-
ods to remove the photoresist layer in the channel so as to
expose the channel; then, printing a flexible electrically-
conductive assembly on the remaining photoresist layer as
well as in the channel; and finally, removing the remaining
photoresist layer and the flexible conductive assembly on the
remaining photoresist layer, and meanwhile maintaining the
flexible electrically-conductive assembly in the channel.
[0029] Furthermore, a concrete method for printing a
flexible electrically-conductive assembly on the remaining
photoresist layer as well as in the channel may be that: using
a roll-to-roll printing method or a direct contact printing
method to form multiple electrically-conductive nanowires
170 arranged in an array on the remaining photoresist layer
as well as in the channel, so as to form the flexible electri-
cally-conductive assembly.

[0030] In step 340, a first organic light emitting layer
180A and a second organic light emitting layer 180B are
formed on the first anode 150A and the second anode 150B
respectively. Herein, the first organic light emitting layer
180A and the second organic light emitting layer 180B may
emit lights of same color or lights of different colors, the
invention is not particularly limited.

[0031] In step 350, a planarization insulating layer 200 is
formed on the flexible electrically-conductive assembly.
[0032] In step 360, a cathode 190 is formed on the first
organic light emitting layer 180A, the second organic light
emitting layer 180B and the planarization insulating layer
200. A thickness of the planarization insulation layer 200 is
needed to ensure that the cathode 190 is not in contact with
the first anode 150A and the second anode 150B. In the
illustrated embodiment, the cathode layer 110 may be made
of an electrically-conductive metal, but the invention is not
limited to this.

[0033] In summary, in the channel, by using a flexible
electrically-conductive assembly constituted by a plurality
of electrically-conductive nanowires 170 arranged in an
array to connect the first anode 150A with the second anode
150B, the capability of the anode going against tension or
pressure generated in the process of external bending is
improved, damage to the anode caused by uneven stress is
reduced, an actual continuous length of the anode in a
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bending direction meanwhile is reduced, and the probability
of crack generation in the course of the OLED device being
bent by an external force is reduced, and therefore bendable
and wearable abilities of flexible OLED display device are
improved .

[0034] FIG. 4 is a schematic side view of a flexible OLED
display unit according to an embodiment of the invention.
FIG. 5 is a schematic top view of the flexible OLED display
unit according to the embodiment of the invention; In FIG.
5, for convenience of illustration, some of the components
have been shown in FIG, 4 are not illustrated again.
[0035] Referring to FIG. 4, the flexible OLED display unit
according to the embodiment of the invention includes:

[0036] a flexible substrate 110;
[0037] a buffer layer 120 on the flexible substrate 110;
[0038] a switching element 130 on the buffer layer 120,

wherein the switching element 130 at least includes a control
electrode 130D, an input electrode 130A and an output
electrode 130B;

[0039] a first planarization layer 140 on the buffer layer
120 and covering the switching element 130;

[0040] a first anode 150A and a second anode 1508 on the
first planarization layer 140, wherein the first anode 150A
and the second anode 150B are spaced from each other to
form a channel therebetwwen, the first anode 150A pen-
etrates through the first planarization layer 140 to connect
the output electrode 130B of the switching element 130;
[0041] a flexible electrically-conductive assembly in the
channel for connecting the first anode 150A with the second
anode 150B, wherein the flexible electrically-conductive
assembly includes a plurality of electrically-conductive
nanowires 170 arranged in an array in the channel, each of
the electrically-conductive nanowires 170 connects the first
anode 150A with the second anode 150B to make the first
anode 150A and the second anode 150B be electrically
connected/communicated with each other;

[0042] a second planarization layer 160 covering the first
anode 150A, the second anode 150B and the flexible elec-
trically-conductive assembly;

[0043] a first organic light emitting layer 180A and a
second organic light emitting layer 180B in the second
planarization layer 160, wherein the first organic light emit-
ting layer 180A is in contact with the first anode 150A, and
the second organic light emitting layer 180B is in contact
with the second anode 150B; and

[0044] a cathode 190 on the second planarization layer
160 and in contact with the first organic light emitting layer
180A as well as the second organic light emitting layer
180B.

[0045] In the illustrated embodiment, the switching ele-
ment 130 may be a thin film transistor (TFT), but the
invention is not limited to this. Herein, the control electrode
130D, the input electrode 130A and the output electrode
130B of the switching element 130 respectively are a gate,
a source and a drain of the thin film transistor. In addition,
the switching element 130 further includes an active layer
130E, a gate insulation layer 130C and the other necessary
components.

[0046] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the
invention needs not be limited to the disclosed embodiment.
On the contrary, it is intended to cover various modifications
and similar arrangements included within the spirit and
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scope of the appended claims which are to be accorded with
the broadest interpretation so as to encompass all such
modifications and similar structures.

What is claimed is:

1. An OLED device comprising:

a flexible substrate;

a first anode and a second anode on the flexible substrate,
wherein the first anode and the second anode are spaced
from each other to form a channel therebetween;

a flexible electrically-conductive assembly in the channel,
wherein the flexible electrically-conductive assembly
electrically connects the first anode with the second
anode;

a first organic light emitting layer on the first anode and
a second organic light emitting layer on the second
anode;

a planarization insulating layer on the flexible electrically-
conductive assembly; and

a cathode on the first organic light emitting layer, the
second organic light emitting layer and the planariza-
tion insulating layer.

2. The OLED device according to claim 1, wherein the
flexible electrically-conductive assembly comprises a plu-
rality of electrically-conductive nanowires, the plurality of
electrically-conductive nanowires arranged in an array in the
channel, and each of the plurality of electrically-conductive
nanowires connects the first anode with the second anode.

3. The OLED device according to claim 2, wherein the
plurality of electrically-conductive nanowires are made of
silver or a metallic carbon nanotube.

4. A manufacturing method of an OLED device, compris-
ing:

providing a flexible substrate;

forming a first anode and a second anode spaced from
each other on the flexible substrate, wherein a spacing
between the first anode and the second anode defines a
channel;

forming a flexible electrically-conductive assembly in the
channel, wherein the flexible electrically-conductive
assembly connects the first anode with the second
anode;

forming a first organic light emitting layer and a second
organic light emitting layer respectively on the first
anode and the second anode;

forming a planarization insulating layer on the flexible
electrically-conductive assembly; and

forming a cathode on the first organic light emitting layer,
the second organic light emitting layer and the pla-
narization insulating layer.

5. The manufacturing method of an OLED device accord-
ing to claim 4, a concrete method of forming a flexible
electrically-conductive assembly in the channel comprises:

coating a photoresist layer covering the first anode, the
second anode and the channel;

using exposure and developing methods to remove the
photoresist layer in the channel to thereby expose the
channel;

printing a flexible electrically-conductive assembly on the
remaining photoresist layer as well as in the channel,

removing the remaining photoresist layer and the flexible
electrically-conductive assembly on the remaining pho-
toresist layer, and meanwhile retaining the flexible
electrically-conductive assembly in the channel.
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6. The manufacturing method of an OLED device accord-
ing to claim 5, a roll-to-roll printing method or a direct
contact printing method is used to form a plurality of
electrically-conductive nanowires arranged in an array on
the remaining photoresist layer as well as in the channel as
the flexible electrically-conductive assembly.

7. The manufacturing method of an OLED device accord-
ing to claim 6, wherein the plurality of electrically-conduc-
tive nanowires are made of sliver or a metallic carbon
nanotube.

8. A flexible display unit comprising:

a flexible substrate;

a buffer layer on the flexible substrate;

a switching element on the buffer layer, wherein the
switching element at least comprises a control electrode
an input electrode and an output electrode;

a first planarization layer on the buffer layer and covering
the switching element;

a first anode and a second anode on the first planarization
layer, wherein the first anode and the second anode are
spaced from each other to form a channel therebetween,
the first anode penetrates through the first planarization
layer to connect the output electrode of the switching
element;
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a flexible electrically-conductive assembly in the channel,
wherein the flexible electrically-conductive assembly
connects the first anode with the second anode;

a second planarization layer covering the first anode, the
second anode, and the flexible electrically-conductive
assembly;

a first organic light emitting layer and a second organic
light emitting layer in the second planarization layer,
wherein the first organic light emitting layer is in
contact with the first anode, and the second organic
light emitting layer is in contact with the second anode;
and

a cathode on the second planarization layer and being in
contact with both the first organic light emitting layer
and the second organic light emitting layer.

9. The flexible display unit according to claim 8, wherein
the flexible electrically-conductive assembly comprises a
plurality of electrically-conductive nanowires, the plurality
of electrically-conductive nanowires are arranged in an array
in the channel, and each of the plurality of electrically-
conductive nanowires connects the first anode with the
second anode.

10. The flexible display unit according to claim 9, wherein
each of the plurality of electrically-conductive nanowires is
made of sliver or a metallic carbon nanotube.
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