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FLEXIBLE AND FOLDABLE OLED DISPLAY
DEVICE

FIELD OF INVENTION

[0001] The present invention relates to the field of display
devices, and in particular, to a flexible and foldable organic
light-emitting diode (OLED) display device.

BACKGROUND OF INVENTION

[0002] An organic light-emitting diode (OLED) has
advantages of being self-illumination, light and thin and
foldable, wide color gamut, and high contrast, and has
attracted the widespread attention in the industry in the
application fields of display, lighting, and the like.

[0003] Flexible and foldable characteristics are important
features distinguishing an OLED display device from a
liquid crystal display (LCD) device. An appearance of the
flexible and foldable OLED display device can be designed
very freely, thereby extending a use scenario of the display
device and improving portability of the display device. FIG.
1A is a schematic structural view of a current flexible and
foldable OLED display device being folded. Referring to
FIG. 1A, the flexible and foldable OLED display device
includes a substrate 10, a drive layer 11 disposed on the
substrate 10, and an OLED light-emitting layer 12 disposed
on the drive layer 11.

[0004] FIG. 1B is a schematic structural view of a current
flexible and foldable OLED display device being folded.
Referring to FIG. 1B, when the OLED display device is bent
inward, the OLED light-emitting layer 12 is located inside,
and the drive layer 11 and the substrate 10 are located
outside. Consequently, the OLED light-emitting layer 12 is
blocked by the drive layer 11 and the substrate 10, and
information displayed on the OLED light-emitting layer 12
cannot be observed by others.

SUMMARY OF INVENTION

[0005] A technical problem to be solved by the present
invention is to provide a flexible and foldable organic light
emitting diode (OLED) display device capable of viewing
information displayed on an organic light-emitting layer,
without extending the flexible and foldable OLED display
device.

[0006] To solve the foregoing problem, the present inven-
tion provides a flexible and foldable OLED display device,
including a flexible substrate, a drive layer, and an organic
light-emitting layer. The drive layer is disposed on the
flexible substrate. The organic light-emitting layer is dis-
posed on the drive layer. The flexible substrate has a first
transparent area. The drive layer has a second transparent
area. An overlapping area is defined between an ortho-
graphic projection of the first transparent area and an ortho-
graphic projection of the second transparent area in a
direction perpendicular to the organic light-emitting layer.
The overlapping area on one side of the flexible substrate
away from the organic light-emitting layer functions as a
display area. The drive layer further includes a non-trans-
parent area. A ratio of an area of a drive circuit in the second
transparent area to an area of the organic light-emitting layer
is less than a ratio of an area of a drive circuit in the
non-transparent area to the area of the organic light-emitting
layer. One end of the non-transparent area is provided with

Jul. 23,2020

a groove recessed toward a center of the non-transparent
area. The second transparent area is disposed in the groove.
[0007] Inan embodiment, the flexible substrate is a trans-
parent flexible substrate.

[0008] Inanembodiment, the overlapping area is disposed
corresponding to a bending area of the flexible and foldable
OLED display device.

[0009] In an embodiment, the first transparent area and the
second transparent area completely overlap with each other.
[0010] In an embodiment, the first transparent area par-
tially overlaps the second transparent area.

[0011] In an embodiment, the drive layer is a thin film
transistor layer including a plurality of thin film transistors.
[0012] To solve the foregoing problem, the present inven-
tion further provides a flexible and foldable OLED display
device, including a flexible substrate, a drive layer, and an
organic light-emitting layer. The drive layer is disposed on
the flexible substrate. The organic light-emitting layer is
disposed on the drive layer. The flexible substrate has a first
transparent area. The drive layer has a second transparent
area. An overlapping area is defined between an ortho-
graphic projection of the first transparent area and an ortho-
graphic projection of the second transparent area in a
direction perpendicular to the organic light-emitting layer.
The overlapping area on one side of the flexible substrate
away from the organic light-emitting layer functions as a
display area.

[0013] Inan embodiment, the flexible substrate is a trans-
parent flexible substrate.

[0014] In an embodiment, the drive layer further includes
a non-transparent area. The second transparent area is dis-
posed on one end of the non-transparent area.

[0015] In an embodiment, one end of the non-transparent
area is provided with a groove recessed toward a center of
the non-transparent area. The second transparent area is
disposed in the groove.

[0016] In an embodiment, the drive layer further includes
a non-transparent area. The non-transparent area surrounds
the second transparent area.

[0017] In an embodiment, the drive layer further includes
a non-transparent area. A ratio of an area of a drive circuit
in the second transparent area to an area of the organic
light-emitting layer is less than a ratio of an area of a drive
circuit in the non-transparent area to the area of the organic
light-emitting layer.

[0018] Inanembodiment, the overlapping area is disposed
corresponding to a bending area of the flexible and foldable
OLED display device.

[0019] In an embodiment, the first transparent area and the
second transparent area completely overlap with each other.
[0020] In an embodiment, the first transparent area par-
tially overlaps the second transparent area.

[0021] In an embodiment, the drive layer is a thin film
transistor layer including a plurality of thin film transistors.
[0022] The present invention has advantages as follows:
when the flexible and foldable OLED display device is bent
inward, information displayed on an organic light-emitting
layer can be directly viewed through a substrate and a drive
layer, without extending the flexible and foldable OLED
display device, thereby improving usability of the flexible
and foldable OLED display device. In addition, by designing
display areas being located at different positions and having
different shapes, the flexible and foldable OLED display
device can be more diverse in appearance and function.
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BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1A is a schematic structural view of a current
flexible and foldable OLED display device being folded.
[0024] FIG. 1B is a schematic structural view of a current
flexible and foldable OLED display device being folded.
[0025] FIG. 2 is a schematic side structural view of a first
embodiment of a flexible and foldable OLED display device
according to the present invention.

[0026] FIG. 3 is a schematic view of the flexible and
foldable OLED display device shown in FIG. 2 being
folded.

[0027] FIG. 4 is a schematic top structural view of a drive
layer of the first embodiment of the flexible and foldable
OLED display device according to the present invention.
[0028] FIG. 5 is a schematic sectional view of the first
embodiment of the flexible and foldable OLED display
device according to the present invention.

[0029] FIG. 6 is a schematic top structural view of a drive
layer of a second embodiment of a flexible and foldable
OLED display device according to the present invention.
[0030] FIG. 7 is a schematic top structural view of a drive
layer of a third embodiment of a flexible and foldable OLED
display device according to the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0031] Specific implementations of a flexible and foldable
organic light emitting diode (OLED) display device pro-
vided in the present invention are described in detail below
with reference to the accompanying drawings.

[0032] FIG. 2 is a schematic side structural view of a first
embodiment of a flexible and foldable OLED display device
according to the present invention. FIG. 3 is a schematic
view of the flexible and foldable OLED display device
shown in FIG. 2 being folded. Referring to FIG. 2 and FIG.
3, the flexible and foldable OLED display device in the
present invention includes a flexible substrate 20, a drive
layer 30, and an organic light-emitting layer 40. The drive
layer 30 is disposed on the flexible substrate 20. The organic
light-emitting layer 40 is disposed on the drive layer 30.
[0033] The flexible substrate 20 is made of a flexible
material such as polyimide (PI). The flexible substrate 20
has a first transparent area Al. In the first transparent area
Al, a structure located on another surface of the flexible
substrate 20 can be observed through the flexible substrate
20. That is, in the first transparent area A1, light emitted by
the structure located on the another surface of the flexible
substrate 20 can pass through the flexible substrate 20 and
can be seen by an observer. In the present embodiment, the
flexible substrate 20 further includes a first non-transparent
area A2. The first transparent area Al and the first non-
transparent area A2 are sequentially disposed. In the first
non-transparent area A2, the structure located on the another
surface of the flexible substrate 20 cannot be observed
through the flexible substrate 20. That is, in the first non-
transparent area A2, the light emitted by the structure located
on the another surface of the flexible substrate 20 cannot
pass through the flexible substrate 20 to be seen by the
observer.

[0034] The drive layer 30 has a second transparent area
B1. In the second transparent area B1, a structure located on
another surface of the drive layer 30 can be observed
through the drive layer 30. That is, in the second transparent
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area B1, light emitted by the structure located on the another
surface of the drive layer 30 can pass through the drive layer
30 to be seen by the observer. FIG. 4 is a schematic top
structural view of the drive layer 30 of the first embodiment
of the flexible and foldable OLED display device according
to the present invention. Referring to FIG. 2 and FIG. 4, in
the present embodiment, the drive layer 30 further includes
a second non-transparent area B2. The second transparent
area B1 is disposed on one end of the second non-transparent
area B2. In the second non-transparent area B2, the structure
located on the another surface of the drive layer 30 cannot
be observed through the drive layer 30. That is, in the second
non-transparent area B2, the light emitted by the structure
located on the another surface of the drive layer 30 cannot
pass through the drive layer 30 to be seen by the observer.

[0035] In a direction perpendicular to the organic light-
emitting layer 40, there is an overlapping area C between an
orthographic projection of the first transparent area Al and
an orthographic projection of the second transparent area
B1. In details, referring to FIG. 2, in a direction Y, there is
the overlapping area C between the orthographic projection
of the first transparent area Al and the orthographic projec-
tion of the second transparent area Bl. In the present
embodiment, the orthographic projection of the first trans-
parent area Al is partially overlaid with the orthographic
projection of the second transparent area B1. In details, an
area of the orthographic projection of the first transparent
area Al is greater than an area of the orthographic projection
of the second transparent area B1. That is, the orthographic
projection of the second transparent area B1 is covered by
the orthographic projection of the first transparent area Al.
In another embodiment of the present invention, the ortho-
graphic projection of the first transparent area Al and the
orthographic projection of the second transparent area Bl
completely overlay with each other, that is, the first trans-
parent area Al is directly facing the second transparent area
Bl1.

[0036] On one side of the flexible substrate 20 away from
the organic light-emitting layer 40, the overlapping area C
functions as a display area. In details, when the flexible and
foldable OLED display device is bent inward to form a
structure shown in FIG. 3, the organic light-emitting layer 40
is located inside the flexible and foldable OLED display
device, and the flexible substrate 20 is located outside the
flexible and foldable OLED display device, so that on a side
of the flexible substrate 20, in the overlapping area C,
information displayed on the organic light-emitting layer 40
in the area can be viewed, inasmuch as the overlapping area
C is in the first transparent area Al of the flexible substrate
20 and the second transparent area B1 of the drive layer 30,
so that in the overlapping area C, light from the organic
light-emitting layer 40 can pass through the flexible sub-
strate 20 and the drive layer 30 to be seen by the observer;
that is, the information displayed on the organic light-
emitting layer 40 can be captured by the observer. In the
present invention, after the flexible and foldable OLED
display device is bent inward, the overlapping area C may be
used as a functional area for information display. When
being bent inward, the flexible and foldable OLED display
device can still display information such as a time and a
message, without unfolding the flexible and foldable OLED
display device by a user, thereby improving usability of the
flexible and foldable OLED display device.
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[0037] Further, in the present embodiment, the drive layer
30 is a thin film transistor layer. The thin film transistor layer
includes a plurality of thin film transistors 31. FIG. 5 is a
schematic sectional view of the first embodiment of the
flexible and foldable OLED display device according to the
present invention. Referring to FIG. 2 and FIG. 5, in details,
the second transparent area B1 includes a plurality of thin
film transistors 31A, and the second non-transparent area B2
includes a plurality of thin film transistors 31B. FIG. 5
exemplarily shows one thin film transistor 31A and four thin
film transistors 31B. The thin film transistor 31 and the
organic light-emitting layer 40 both have conventional struc-
tures in the art, and details are not described.

[0038] A-ratio of an area of a drive circuit in the drive layer
30 to an area of the organic light-emitting layer 40 may be
changed to design transparency of the drive layer 30. In
details, if all the thin film transistors 30 are made of a
non-transparent material, that is, the drive circuit in the drive
layer is non-transparent, a light output area can be increased
by reducing an area of the drive circuit. Therefore, during
manufacturing, a ratio of an area of a drive circuit located in
the second transparent area Bl to the area of the organic
light-emitting layer 40 may be made to be less than a ratio
of an area of a drive circuit located in the second non-
transparent area B2 to the area of the organic light-emitting
layer 40, to form the second transparent area B1 in the drive
layer 30.

[0039] In addition, structures of different thin film tran-
sistors may be configured to design transparency of the drive
layer 30. In details, the thin film transistor 31A in the second
transparent area B1 and the thin film transistor 31B in the
second non-transparent arca B2 use different active layer
materials. An active layer of the thin film transistor 31A in
the second transparent area B1 uses a transparent material
such as indium gallium zinc oxide (IGZO) or AZO, and the
thin film transistor 31B of the second non-transparent area
B2 uses a non-transparent material such as a-Si or LTPS,; to
form the second transparent area B1 in the drive layer 30.
[0040] FIG. 6 is a schematic top structural view of a drive
layer of a second embodiment of a flexible and foldable
OLED display device according to the present invention.
Referring to FIG. 6, a difference between the second
embodiment and the first embodiment lies in that one end of
the second non-transparent area B2 in the drive layer 30 is
provided with a groove 32 recessed toward a center of the
second non-transparent area B2, and the second transparent
area B1 is disposed in the groove 32. That is, the end of the
second non-transparent area B2 has a special-shaped struc-
ture, and the second transparent area B1 is provided in a gap
of the special-shaped structure.

[0041] FIG. 7 is a schematic top structural view of a drive
layer of a third embodiment of a flexible and foldable OLED
display device according to the present invention. Referring
to FIG. 7, a difference between the third embodiment and the
first embodiment lies in that, the second non-transparent
area B2 in the drive layer 30 surrounds the second trans-
parent area B1. That is, the second transparent area B1 is in
the middle of the second non-transparent area B2. In the
present embodiment, the overlapping area C is disposed
corresponding to a bending area of the flexible and foldable
OLED display device, thereby to achieve the purpose of
being viewed in the bending area.

[0042] The foregoing descriptions are merely preferred
implementations of the present invention. It should be noted
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that a person of ordinary skill in the art may make several
improvements or refinements without departing from the
principle of the present invention, and the improvements or
refinements shall fall within the protection scope of the
present invention.

[0043] The subject matter in the present disclosure can be
manufactured and used in the industry and has industrial
applicability.

What is claimed is:

1. A flexible and foldable organic light-emitting diode
(OLED) display device, comprising: a flexible substrate, a
drive layer, and an organic light-emitting layer, wherein the
drive layer is disposed on the flexible substrate, the organic
light-emitting layer is disposed on the drive layer, the
flexible substrate has a first transparent area, and the drive
layer has a second transparent area, wherein an overlapping
area is defined between an orthographic projection of the
first transparent area and an orthographic projection of the
second transparent area in a direction perpendicular to the
organic light-emitting layer, the overlapping area on one side
of the flexible substrate away from the organic light-emitting
layer functions as a display area, and wherein the drive layer
further comprises a non-transparent area, a ratio of an area
of a drive circuit in the second transparent area to an area of
the organic light-emitting layer is less than a ratio of an area
of a drive circuit in the non-transparent area to the area of the
organic light-emitting layer, one end of the non-transparent
area is provided with a groove recessed toward a center of
the non-transparent area, and the second transparent area is
disposed in the groove.

2. The flexible and foldable OLED display device accord-
ing to claim 1, wherein the flexible substrate is a transparent
flexible substrate.

3. The flexible and foldable OLED display device accord-
ing to claim 1, wherein the overlapping area is disposed
corresponding to a bending area of the flexible and foldable
OLED display device.

4. The flexible and foldable OLED display device accord-
ing to claim 1, wherein the first transparent area and the
second transparent area completely overlap with each other.

5. The flexible and foldable OLED display device accord-
ing to claim 1, wherein the first transparent area partially
overlaps the second transparent area.

6. The flexible and foldable OLED display device accord-
ing to claim 1, wherein the drive layer is a thin film transistor
layer comprising a plurality of thin film transistors.

7. A flexible and foldable organic light-emitting diode
(OLED) display device, comprising:

a flexible substrate, a drive layer, and an organic light-
emitting layer, wherein the drive layer is disposed on
the flexible substrate, the organic light-emitting layer is
disposed on the drive layer, wherein the flexible sub-
strate has a first transparent area, the drive layer has a
second transparent area, an overlapping area is defined
between an orthographic projection of the first trans-
parent area and an orthographic projection of the sec-
ond transparent area in a direction perpendicular to the
organic light-emitting layer, and the overlapping area
on one side of the flexible substrate away from the
organic light-emitting layer functions as a display area.

8. The flexible and foldable OLED display device accord-
ing to claim 7, wherein the flexible substrate is a transparent
flexible substrate.
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9. The flexible and foldable OLED display device accord-
ing to claim 7, wherein the drive layer further comprises a
non-transparent area, and the second transparent area is
disposed on one end of the non-transparent area.

10. The flexible and foldable OLED display device
according to claim 9, wherein one end of the non-transparent
area is provided with a groove recessed toward a center of
the non-transparent area, and the second transparent area is
disposed in the groove.

11. The flexible and foldable OLED display device
according to claim 7, wherein the drive layer further com-
prises a non-transparent area, and the non-transparent area
surrounds the second transparent area.

12. The flexible and foldable OLED display device
according to claim 7, the drive layer further comprises a
non-transparent area, and a ratio of an area of a drive circuit
in the second transparent area to an area of the organic
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light-emitting layer is less than a ratio of an area of a drive
circuit in the non-transparent area to the area of the organic
light-emitting layer.

13. The flexible and foldable OLED display device
according to claim 7, wherein the overlapping area is
disposed corresponding to a bending area of the flexible and
foldable OLED display device.

14. The flexible and foldable OLED display device
according to claim 7, wherein the first transparent area and
the second transparent area completely overlap with each
other.

15. The flexible and foldable OLED display device
according to claim 7, wherein the first transparent area
partially overlaps the second transparent area.

16. The flexible and foldable OLED display device
according to claim 7, wherein the drive layer is a thin film
transistor layer comprising a plurality of thin film transis-
tors.
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