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(7) ABSTRACT

An organic electroluminescent device and a manufacturing
method thereof, a display apparatus are provided. The organic
electroluminescent device includes a plurality of pixel units
in an array form. Each of the pixel units includes a light
emitting region and a transparent region, and each of the pixel
units includes: a base substrate (1); a thin film transistor
switch (2); a planarizing layer (3), a first electrode (4), a pixel
defining layer (5), an organic layer (6) and a second electrode
(7), disposed at a side of the thin film transistor switch (2)
facing away from the base substrate (1) in this order. The first
electrode (4) is positioned in the light emitting region (A) of
the pixel unit; and at least one of the planarizing layer (3) and
the pixel defining layer (5) is only disposed within the light
emitting region (A) of the pixel unit. With the above organic
electroluminescent device, transmittance of the transmissive
region of each pixel unit is enhanced.
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ORGANIC ELECTROLUMINESCENT
DEVICE AND MANUFACTURING METHOD
THEREOF, DISPLAY APPARATUS

TECHNICAL FIELD

[0001] At least one embodiment of the present invention
relates to an organic electroluminescent device and a manu-
facturing method thereof, a display apparatus.

BACKGROUND

[0002] The transparent display, as a new display technol-
ogy, allows a viewer to see the background behind a screen
through the screen of a display device. An organic electrolu-
minescent device is such a display device that it is convenient
for it to realize the transparent display.

[0003] In the organic electroluminescent device, for facili-
tating realization of the transparent display, each of pixel
units in the organic electroluminescent device has a light
emitting region and a transparent region. An electrolumines-
cent structure is formed within the light emitting region of
each pixel unit, and the transparent region of each pixel unit is
configured to realize the transparent display.

SUMMARY OF THE INVENTION

[0004] According to at least one embodiment of the present
invention, there are provided an organic electroluminescent
device and a manufacturing method thereof, a display appa-
ratus. A transparent region of each pixel unit in the organic
electroluminescent device has a relatively higher transmit-
tance, and thus, the display effect of the organic electrolumi-
nescent device upon transparent display is improved.

[0005] According to at least one embodiment of the inven-
tion, there is provided an organic electroluminescent device,
comprising a plurality of pixel units in an array form, wherein
each of the pixel units comprises a light emitting region and a
transparent region, and each of the pixel units comprises: a
base substrate; a thin film transistor switch, formed on the
base substrate; a planarizing layer, a first electrode, a pixel
defining layer, an organic layer and a second electrode, dis-
posed at a side of the thin film transistor switch facing away
from the base substrate in this order, wherein the first elec-
trode is positioned in the light emitting region of the pixel
unit, and at least one of the planarizing layer and the pixel
defining layer is only disposed within the light emitting
region of the pixel unit.

[0006] According to at least one embodiment of the present
invention, there is further provided a manufacturing method
of the organic electroluminescent device as mentioned above,
which includes fabricating a thin film transistor device on a
base substrate; forming a planarizing layer at a side of the thin
film transistor device facing away from the base substrate;
forming a first electrode layer on the planarizing layer, and
forming a pattern of a first electrode through a patterning
process; forming a pixel defining layer on the first electrode;
forming an organic layer on the pixel defining layer; forming
a second electrode on the organic layer, wherein a portion of
at least one of the planarizing layer and the pixel defining
layer which is positioned within a transparent region of a
pixel unit is removed by a patterning process.

[0007] According to at least one embodiment of the present
invention, thereis further provided a display apparatus, which
includes the above organic electroluminescent device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In order to illustrate the technical solution of the
embodiments of the invention more clearly, the drawings of
the embodiments will be briefly introduced below; it is obvi-
ous that the drawings as described below are only related to
some embodiments of the invention, and are not construed as
limiting of the present invention.

[0009] FIG. 1 is a structurally schematic view illustrating
an organic electroluminescent device provided by an embodi-
ment of the invention;

[0010] FIG. 2 is a schematic flowchart illustrating a manu-
facturing method of an organic electroluminescent device
provided by an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0011] In order to make objects, technical details and
advantages of the embodiments of the invention apparent,
hereinafter, the technical solutions of the embodiments of the
invention will be described in a clearly and fully understand-
able way in connection with the drawings related to the
embodiments of the invention. It is obvious that the described
embodiments are just a part but not all of the embodiments of
the invention. Based on the described embodiments of the
invention, those ordinarily skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope sought for protection by the invention.
[0012] As noticed by inventor(s) of the present application,
the transmittance of a transparent region within each pixel
unit in an electroluminescent device is relatively poor, and in
turn, this leads to a relatively poor effect of transparent dis-
play of the organic electroluminescent device.

[0013] Please refer to FIG. 1. an organic electrolumines-
cent device provided by at least one embodiment of the
present invention includes a plurality of pixel units in an array
form. Each of the pixel units includes a light emitting region
A and a transparent region B, and each of the pixel units
includes: a base substrate 1; a thin film transistor (TFT)
switch 2, formed on the base substrate 1; and a planarizing
layer 3, a first electrode 4, a pixel defining layer 5, an organic
layer 6 and a second electrode 7, disposed at a side of the thin
film transistor switch 2 facing away from the base substrate 1
in this order. The first electrode 4 is positioned in the light
emitting region A of the pixel unit; and at least one of the
planarizing layer 3 and the pixel defining layer 5 is only
disposed within the light emitting region A of the pixel unit.
[0014] In an organic electroluminescent device, although a
planarizing layer and a pixel defining layer for forming a light
emitting structure are made of transparent substances, respec-
tively, the planarizing layer and the pixel defining layer will
still make an impact on the transmittance of a transparent
region in a pixel unit.

[0015] While in the above organic electroluminescent
device, at least one of the planarizing layer 3 and the pixel
defining layer 5 that are configured to form a light emitting
structure located within the light emitting region A in each of
the pixel units is only disposed within the light emitting
region A of the pixel unit. So, for the planarizing layer 3 and
the pixel defining layer 5 for forming the light emitting struc-
ture, when the planarizing layer 3 is merely disposed within
the light emitting region A of the pixel unit, the planarizing
layer 3 will not make an impact on the transmittance of the
transparent region B of the pixel unit; and when the pixel
defining layer 5 is merely disposed within the light emitting
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region A of the pixel unit, the pixel defining layer 5 will not
make an impact on the transmittance of the transparent region
B of the pixel unit. In turn, the transmittance of the transmis-
sive region B of each pixel unit is enhanced.

[0016] Consequently, in the organic electroluminescent
device provided by embodiments of the present invention, the
transmittance of the transparent region B of each pixel unit is
relatively high, and in turn, the display effect of the organic
electroluminescent device upon transparent display is
improved.

[0017] As shown in FIG. 1, in an embodiment, both of the
planarizing layer 3 and the pixel defining layer 5 are only
disposed within the light emitting region A of the pixel unit.
[0018] In the organic electroluminescent device provided
by the above embodiment, the thin film transistor switch 2
may be in many forms, and it may be of a top-gate type, and
it may also be of a bottom-gate type.

[0019] Please continue to refer to FIG. 1. In an embodi-
ment, the thin film transistor switch 2 may include: a semi-
conductor active layer 22, disposed above the base substrate
1 and within the light emitting region A of the pixel unit; a
gate insulating layer 23, disposed above the base substrate 1;
a gate electrode 24, disposed above the base substrate 1 and
within the light emitting region A of the pixel unit; an inter-
layer insulating layer 25, disposed above the base substrate 1;
a source/drain electrode 26, disposed on the interlayer insu-
lating layer 25, which lies within the light emitting region A
of the pixel unit; and a passivation layer 27, disposed on the
source/drain electrode 26.

[0020] In order to further enhance the transmittance of the
transparent region B of each pixel unit of the above organic
electroluminescent device, the thin film transistor switch 2
with the above structure may at least meet one of the follow-
ing conditions:

[0021] The gate insulating layer 23 is merely disposed in
the light emitting region A of the pixel unit.

[0022] Theinterlayerinsulating layer 25 is merely disposed
in the light emitting region A of the pixel unit.

[0023] The passivation layer 27 is merely disposed in the
light emitting region A of the pixel unit.

[0024] A buffer layer 21 may also be disposed on the base
substrate, and the buffer layer 21 may only be disposed in the
light emitting region A of the pixel unit.

[0025] The thin film transistor switch shown in FIG. 1 is of
a top-gate type, and in this case, the gate insulating layer 23
may be disposed on the semiconductor active layer 22, the
gate electrode 24 is disposed on the gate insulating layer 23,
the interlayer insulating layer 25 is disposed on the gate
electrode 24, and the buffer layer is disposed between the
semiconductor active layer 22 and the base substrate 1. When
the thin film transistor switch is of a bottom-gate type, a gate
insulating layer may be disposed on a gate electrode, a semi-
conductor active layer is disposed on the gate insulating layer,
an interlayer insulating layer is disposed on the semiconduc-
tor active layer, and a buffer layer is disposed between the gate
electrode and a base substrate.

[0026] Inaddition, according to at least one embodiment of
the present invention, there is further provided a manufactur-
ing method of the above-mentioned organic electrolumines-
cent device. As shown in FIG. 2, the manufacturing method
includes the following steps S201 to S206, and these steps
will be specifically introduced below.

[0027] Step S201: a thin film transistor device is fabricated
on a base substrate.
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[0028] Step S202: a planarizing layer is formed at a side of
the thin film transistor device facing away from the base
substrate. For example, a patterning process in the step S202
may be an etching process.

[0029] Step S203: a first electrode layer is formed on the
planarizing layer, and a pattern of a first electrode 1s formed
through a patterning process.

[0030] Step S204: a pixel defining layer is formed on the
first electrode. For example, a patterning process in the step
S204 may be an etching process.

[0031] Step S205: an organic layer is formed on the pixel
defining layer.

[0032] Step S206: a second electrode is formed on the
organic layer.

[0033] In the manufacturing method provided by an
embodiment of the invention, a portion of at least one of the
planarizing layer and the pixel defining layer which is posi-
tioned within the transparent region of the pixel unit may be
removed by a patterning process. That is, in the step S202, a
portion of the planarizing layer which is positioned within the
transparent region of the pixel unit may be removed by a
patterning process; and/or, in the step S204, a portion of the
pixel defining layer which s positioned within the transparent
region of the pixel unit may be removed by a patterning
process.

[0034] Inthe above manufacturing method. a portion of the
planarizing layer which is positioned within the transparent
region is removed upon fabrication of the planarizing layer in
the step S202, and moreover, a portion of the pixel defining
layer which is positioned within the transparent region is
removed upon fabrication of the pixel defining layer in the
step S204. Then, it can be prevented that the planarizing layer
and the pixel defining layer make an impact on transmittance
of the transparent region of the pixel unit.

[0035] For the above step S201, fabricating the thin film
transistor device on the base substrate, for example, may
include forming a semiconductor active layer on the base
substrate, and forming a pattern of the semiconductor active
layer through a patterning process, the semiconductor active
layer being positioned within the light emitting region of the
pixel unit; forming a gate insulating layer above the base
substrate; forming a gate metallayer above the base substrate,
and forming a pattern of a gate electrode through a patterning
process, the gate electrode being positioned within the light
emitting region of the pixel unit; forming an interlayer insu-
lating layer above the base substrate; forming a source/drain
metal layer on the interlayer insulating layer, and forming a
pattern of a source/drain electrode through a patterning pro-
cess, the source/drain electrode being positioned within the
light emitting region; and forming a passivation layer on the
source/drain electrode.

[0036] In the above step S201, fabricating the thin film
transistor device on the base substrate may further include
forming a buffer layer on the base substrate, and removing a
portion of the buffer layer positioned within the transparent
region of the pixel unit through a patterning process. The
buffer layer formed by this step is merely disposed in the light
emitting region of the pixel unit, and will not make an impact
on transmittance of the transparent region in the pixel unit,
and thus, transmittance of the transparent region in the pixel
unit is enhanced.

[0037] Inthe above step S201, forming the gate insulating
layer above the base substrate, for example, may include:
forming a gate insulating layer on the semiconductor active
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layer, and removing a portion of the gate insulating layer
which is positioned within the transparent region of the pixel
unit through a patterning process. The gate insulting layer
formed by this step is merely disposed in the light emitting
region of the pixel unit, and will not make an impact on
transmittance of the transparent region in the pixel unit, and
thus, transmittance of the transparent region in the pixel unit
is enhanced.

[0038] In the above step S201, forming the interlayer insu-
lating layer above the base substrate, for example, may
include: forming an interlayer insulating layer on the gate
electrode, and removing a portion of the interlayer insulating
layer which is positioned within the transparent region of the
pixel unit through a patterning process. The interlayer insult-
ing layer formed by this step is merely disposed in the light
emitting region of the pixel unit, and will not make an impact
on transmittance of the transparent region in the pixel unit,
and thus, transmittance of the transparent region in the pixel
unit is enhanced.

[0039] In the above step S201, forming the passivation
layer on the source/drain electrode, for example, may
include: forming a passivation layer on the source/drain elec-
trode, and removing a portion of the passivation layer which
is positioned within the transparent region of the pixel unit
through a patterning process. The passivation layer formed by
this step is merely disposed in the light emitting region of the
pixel unit, and will not make an impact on transmittance of the
transparent region in the pixel unit, and thus, transmittance of
the transparent region in the pixel unit is enhanced.

[0040] In the above embodiment, the thin film transistor
switch may be of a top-gate type, and in this case, the gate
insulating layer may be disposed on the semiconductor active
layer, the gate electrode is disposed on the gate insulating
layer, the interlayer insulating layer is disposed on the gate
electrode, and the buffer layer is disposed between the semi-
conductor active layer and the base substrate. Of course, the
thin film transistor switch may also be of a bottom-gate type,
and in this case, a gate insulating layer may be disposed on a
gate electrode, a semiconductor active layer is disposed on the
gate insulating layer, an interlayer insulating layeris disposed
on the semiconductor active layer, and a buffer layer is dis-
posed between the gate electrode and a base substrate.
[0041] According to at least one embodiment of the present
invention, thereis further provided a display apparatus, which
includes an organic electroluminescent device provided by
any of the above embodiments. The display apparatus may be
an electronic paper, an OLED panel, a cell phone, a tablet
computer, a television, a display, a notebook computer, a
digital photo frame, a navigator or any other product or com-
ponent having a display function.

[0042] Apparently, various modifications and variants can
be made to embodiments of the invention by those skilled in
the art without departing from the spirit and scope of the
invention. As such, provided that these modifications and
variants of the invention fall within the scope of claims of the
invention and equivalent technologies thereof, it is also
intended for the invention to embrace them therein.

[0043] The application claims priority of Chinese Patent
Application No. 201410429378 .3 filed on Aug. 27, 2014, the
disclosure of which is incorporated herein by reference in its
entirety as part of the present application.

1. An organic electroluminescent device, comprising a plu-
rality of pixel units in an array form, wherein each of the pixel
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units comprises a light emitting region and a transparent
region, and each of the pixel units comprises:

a base substrate;

a thin film transistor switch, formed on the base substrate;

a planarizing layer, a first electrode, a pixel defining layer,
an organic layer and a second electrode, disposed at a
side of the thin film transistor switch facing away from
the base substrate in this order,

wherein the first electrode is positioned in the light emit-
ting region of the pixel unit, and at least one of the
planarizing layer and the pixel defining layer is only
disposed within the light emitting region of the pixel
unit.

2. The organic electroluminescent device claimed as claim

1, wherein the planarizing layer and the pixel defining layer
are merely disposed within the light emitting region of the
pixel unit.

3. The organic electroluminescent device claimed as claim

1, wherein the thin film transistor switch comprises:

a semiconductor active layer, disposed on the base sub-
strate and within the light emitting region of the pixel
unit;

a gate insulating layer, disposed above the base substrate;

a gate electrode, disposed above the base substrate and
within the light emitting region of the pixel unit;

an interlayer insulating layer, disposed above the base sub-
strate;

a source/drain electrode, disposed on the interlayer insu-
lating layer and within the light emitting region of the
pixel unit; and

a passivation layer, disposed on the source/drain electrode.

4. The organic electroluminescent device claimed as claim

3, wherein the gate insulating layer is merely disposed in the
light emitting region of the pixel unit.

5. The organic electroluminescent device claimed as claim

3, wherein the interlayer insulating layer is merely disposed
in the light emitting region of the pixel unit.

6. The organic electroluminescent device claimed as claim

3, wherein the passivation layer is merely disposed in the light
emitting region of the pixel unit.

7. The organic electroluminescent device claimed as claim

3, wherein a buffer layer is further provided on the base
substrate, and the buffer layer is merely disposed in the light
emitting region of the pixel unit.

8. The organic electroluminescent device claimed as claim

3, wherein the gate insulating layer is disposed on the semi-
conductor active layer, the gate electrode is disposed on the
gate insulating layer, and the interlayer insulating layer is
disposed on the gate electrode; or

the gate insulating layer is disposed on the gate electrode,
the semiconductor active layer is disposed on the gate
insulating layer, and the interlayer insulating layer is
disposed on the semiconductor active layer.

9. A manufacturing method of the organic electrolumines-

cent device claimed as claim 1, comprising

fabricating a thin film transistor device on a base substrate;

forming a planarizing layer at a side of the thin film tran-
sistor device facing away from the base substrate;

forming a first electrode layer on the planarizing layer, and
forming a pattern of a first electrode through a patterning
process;

forming a pixel defining layer on the first electrode;

forming an organic layer on the pixel defining layer;

forming a second electrode on the organic layer,
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wherein a portion of at least one of the planarizing layer
and the pixel defining layer which is positioned within a
transparent region of a pixel unit is removed by a pat-
terning process.

10. The manufacturing method claimed as claim 9,

wherein,

a portion of the planarizing layer positioned within the
transparent region of the pixel unit is removed; and a
portion of the pixel defining layer positioned within the
transparent region of the pixel unit is removed.

11. The manufacturing method claimed as claim 9, wherein
fabricating the thin film transistor device on the base substrate
comprises:

forming a semiconductor active layer on the base substrate,
and forming a pattern of the semiconductor active layer
through a patterning process, the semiconductor active
layer being positioned within the light emitting region of
the pixel unit;

forming a gate insulating layer above the base substrate;

forming a gate metal layer above the base substrate, and
forming a pattern of a gate electrode through a patterning
process, the gate electrode being positioned within the
light emitting region of the pixel unit;

forming an interlayer insulating layer above the base sub-
strate;

forming a source/drain metal layer on the interlayer insu-
lating layer, and forming a pattern of a source/drain
electrode through a patterning process, the source/drain
electrode being positioned within the light emitting
region of the pixel unit; and

forming a passivation layer on the source/drain electrode.

12. The manufacturing method claimed as claim 11,
wherein fabricating the thin film transistor device on the base
substrate further comprises:

forming a buffer layer on the base substrate, and removing
a portion of the buffer layer positioned within the trans-
parent region of the pixel unit through a patterning pro-
cess.

13. The manufacturing method claimed as claim 11,
wherein forming the gate insulating layer above the base
substrate comprises:

removing a portion of the gate insulating layer positioned
within the transparent region of the pixel unit through a
patterning process.
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14. The manufacturing method claimed as claim 11,
wherein forming the interlayer insulating layer above the base
substrate comprises:

removing a portion of the interlayer insulating layer posi-
tioned within the transparent region of the pixel unit
through a patterning process.

15. The manufacturing method claimed as claim 11,
wherein forming the passivation layer on the source/drain
electrode comprises:

removing a portion of the passivation layer positioned
within the transparent region of the pixel unit through a
patterning process.

16. The manufacturing method claimed as claim 11,
wherein the gate insulating layer is disposed on the semicon-
ductor active layer, the gate electrode is disposed on the gate
insulating layer, and the interlayer insulating layeris disposed
on the gate electrode; or

the gate insulating layer is disposed on the gate electrode,
the semiconductor active layer is disposed on the gate
insulating layer, and the interlayer insulating layer is
disposed on the semiconductor active layer.

17. A display apparatus, comprising the organic electrolu-

minescent device claimed as claim 1.

18. The organic electroluminescent device claimed as
claim 2, wherein the thin film transistor switch comprises:

a semiconductor active layer, disposed on the base sub-
strate and within the light emitting region of the pixel
unit;

a gate insulating layer, disposed above the base substrate;

a gate electrode, disposed above the base substrate and
within the light emitting region of the pixel unit;

an interlayer insulating layer, disposed above the base sub-
strate;

a source/drain electrode, disposed on the interlayer insu-
lating layer and within the light emitting region of the
pixel unit; and

a passivation layer, disposed on the source/drain electrode.

19. The organic electroluminescent device claimed as
claim 4, wherein the interlayer insulating layer is merely
disposed in the light emitting region of the pixel unit.

20. The organic electroluminescent device claimed as
claim 4, wherein the passivation layer is merely disposed in
the light emitting region of the pixel unit.
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