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(57) ABSTRACT

The application provides an OLED substrate, a method for
manufacturing the OLED substrate, and a display device.
The OLED substrate comprises a plurality of pixel regions,
at least one of which is provided with a pixel driving circuit,
and includes a display region and a connection region. The
OLED substrate comprising: a base; a reflective electrode
layer disposed on the base, wherein each reflective electrode
is correspondingly disposed in one display region; a pixel
defining layer disposed on the reflective electrode layer,
wherein the pixel defining layer is provided with a first
opening corresponding to the display region and a second
opening corresponding to the connection region; a light-
emitting material layer disposed in the first opening; a
display electrode continuously disposed on the light-emit-
ting material layer and in the second opening, and the
display electrodes in the respective pixel regions electrically
insulated from each other.
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forming a pixel driving circuit, a reflective electrode, and a
connection elecirods in each pixel region on a base

k

forming a pixel defining laver, and perfornuing an eiching
process on the pixel defining laver to form a first opening at a
posttion corresponding to the display region and form a second
opening corresponding to the connection region

k

forming a barrier material, and performing an eiching process
on the barrier material to form a barrier layer surrounding the
pixel region

k

formung a light-emuthing matenal layer in the first opening
by inkjet printing

%

evaporating a display electrode material which is broken at the
hamer laver such that display electrodes formed in the
respective pixel regions are electrically insulated from each
other

FIG. &
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OLED SUBSTRATE AND MANUFACTURING
METHOD THEREOF, AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present application relates to the field of dis-
play technology, and more particularly, to an OLED sub-
strate, a method for manufacturing the OLED substrate, and
a display device.

BACKGROUND

[0002] An OLED (Organic Light-Emitting Device) is a
light-emitting device using an organic solid-state semicon-
ductor as a light-emitting material. Due to advantages of
simple preparation process, low cost, low power consump-
tion, high luminescence brightness and wide range of oper-
ating temperature. OLED has broad application prospects.

SUMMARY

[0003] The present application provides an OLED sub-
strate, a method for manufacturing the OLED substrate, and
a display device.

[0004] The present application provides an OLED sub-
strate which comprises a plurality of pixel regions, and at
least one of the plurality of pixel regions is provided with a
pixel driving circuit, and comprises a display region and a
connection region; wherein,

[0005] the OLED substrate comprising:
[0006] a base;
[0007] a reflective electrode layer disposed on the base,

wherein the reflective electrode layer comprises a plurality
of reflective electrodes, each of which is correspondingly
disposed in one display region;

[0008] a pixel defining layer disposed on the reflective
electrode layer, wherein the pixel defining layer is provided
with a first opening corresponding to the display region and
a second opening corresponding to the connection region;

[0009] a light-emitting material layer disposed in the first
opening;
[0010] a display electrode continuously disposed on the

light emitting material layer and in the second opening,
wherein the display electrodes in the respective pixel regions
are electrically insulated from each other;

[0011] wherein the display electrode in each of the at least
one pixel region is electrically coupled to the pixel driving
circuit in the pixel region through the second opening.
[0012] Optionally, the pixel driving circuit is arranged on
the base, a first insulating layer is provided on the pixel
driving circuit, and the pixel driving circuit is electrically
coupled to the display electrode through a via hole in the first
insulating layer and the second opening.

[0013] Optionally, a barrier layer surrounding the pixel
region is further disposed on the pixel defining layer to
separate a display electrode in the pixel region from a
display electrode in an adjacent pixel region.

[0014] Optionally, a material of the barrier layer includes
SiNx or SiOx; and the barrier layer has a thickness of about
20 to 500 nm.

[0015] Optionally, an angle between a top surface of the
barrier layer away from the pixel defining layer and a side
surface of the barrier layer is approximately greater than or
equal to 60°.

[0016] Optionally, the OLED substrate further comprises
a connection electrode disposed on the base in the second
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opening, and the display electrode is electrically coupled to
the pixel driving circuit through the connection electrode.
[0017] Optionally, the pixel driving circuit comprises a
driving transistor, which comprises a source and a drain; and
the connection electrode, the reflective electrode, the source
and the drain of the driving transistor are disposed in a same
layer by using a same material.

[0018] Optionally, the connection electrode is electrically
coupled to the drain of the driving transistor.

[0019] Optionally, a material of the connection electrode
comprises any one of lithium, magnesium and lithium
fluoride, and the connection electrode has a thickness of
about 0.5 to 2 nm.

[0020] Optionally, a material of the reflective electrode
comprises aluminum alloy or silver alloy; and the reflective
electrode has a thickness of about 60 to 500 nm.

[0021] Optionally, a material of the connection electrode
includes any one of magnesium, silver, and gold; and the
reflective electrode has a thickness of about 7 to 20 nm.
[0022] The present application further provides a method
for manufacturing the OLED substrate, wherein the OLED
substrate comprises a plurality of pixel regions, at least one
of which is provided with a pixel driving circuit, and
comprises a display region and a connection region;
[0023] the method comprising steps as follows:

[0024] forming a reflective electrode layer on a base such
that the reflective electrode layer comprises a plurality of
reflective electrodes and each reflective electrode in the
reflective electrode layer is correspondingly disposed in one
display region;

[0025] forming a pixel defining layer such that the pixel
defining layer is provided with a first opening at a position
corresponding to the display region and a second opening
corresponding to the connection region;

[0026] forming a light-emitting material layer in the first
opening;
[0027] forming a display electrode continuously disposed

on the light-emitting material layer and in the second
opening such that the display electrodes in the respective
pixel regions are electrically insulated from each other;
[0028] wherein the display electrode in each of the at least
one pixel region is electrically coupled to the pixel driving
circuit in the pixel region through the second opening.
[0029] Optionally, prior to the step of forming a reflective
electrode layer on a base, the method further comprises:
forming the pixel driving circuit on the base.

[0030] Optionally, between the step of forming a pixel
defining layer such that the pixel defining layer is provided
with a first opening at a position corresponding to the display
region and a second opening corresponding to the connec-
tion region, and the step of forming a light-emitting material
layer in the first opening, the method further comprising:
forming a barrier layer surrounding the pixel region on the
pixel defining layer.

[0031] Optionally, prior to the step of forming a display
electrode continuously disposed on the light-emitting mate-
rial layer and in the second opening such that the display
electrodes in the respective pixel regions are electrically
insulated from each other, the method further comprising:
forming a connection electrode in the second opening.
[0032] Optionally, the connection electrode, the reflective
electrode, the source and the drain of the driving transistor
are formed by a single patterning process.
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[0033] Optionally, a material of the reflective electrode
comptises aluminum alloy or silver alloy; and the reflective
electrode has a thickness of about 60 to 500 nm.

[0034] The present application further provides a display
device comprising the aforementioned OLED substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Non-limiting embodiments of the OLED substrate
and the method for manufacturing the OLED substrate
provided in the present application will be described in
detail based on the following figures:

[0036] FIG. 1 is a schematic diagram of an OLED sub-
strate in an embodiment of the present application;

[0037] FIG. 2 is a schematic diagram of an OLED sub-
strate in an embodiment of the present application;

[0038] FIG. 3 is a plan view of an OLED substrate in an
embodiment of the present application;

[0039] FIG. 4 is a circuit diagram of an OLED substrate in
an embodiment of the present application; and

[0040] FIG. 5 is a flowchart illustrating a method for
manufacturing an OLED substrate in an embodiment of the
present application.

DETAILED DESCRIPTION

[0041] The present application will be further described in
detail below in conjunction with accompanying drawings
and specific embodiments, in order that a person skilled in
the art can understand the solutions of the present applica-
tion better.

[0042] An OLED designed with a top emission device
structure can increase the aperture ratio, and extend the life
of a display. However, for the top emission device structure,
using of a thick metal as an upper electrode will lead to large
impedance. Current flowing through the upper electrode
with large impedance during operation of the OLED device
as a current-driven device will result in a large voltage drop,
which is known as IR-drop.

[0043] To solve the above problem, the present embodi-
ment provides a top emitting OLED substrate which com-
prises a plurality of pixel regions, each of which includes a
display region and a connection region. The OLED substrate
of the present embodiment comprises a base 1, a pixel
driving circuit and an OLED device in each pixel region
disposed on the base 1, and a pixel defining layer 3; wherein
each OLED device comprises a reflective electrode 2, a
display electrode 6, and a light-emitting material layer 4
between the reflective electrode 2 and the display electrode
6.

[0044] To be specific, as shown in FIG. 1, the reflective
electrode layer is disposed on the base I, and comprises a
plurality of reflective electrodes 2 coupled to each other,
each reflective electrode 2 is correspondingly disposed in
one display region; the pixel defining layer 3 is disposed on
the reflective electrode layer, the pixel defining layer 3 is
provided with a first opening 31 corresponding to the display
region and a second opening 32 corresponding to the con-
nection region in each pixel region; the light-emitting mate-
rial layer 4 is disposed in the first opening 31; the display
electrode 6 is continuously disposed. on the light-emitting
material layer 4 and the second opening 32, and the display
electrodes 6 in the respective pixel regions are electrically
insulated from each other; the display electrode 6 in each of
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the pixel regions is electrically coupled to the pixel driving
circuit in the pixel region through the second opening 32.

[0045] For example, FIG. 2 shows a top emitting OLED
substrate comprising a pixel driving circuit. The pixel driv-
ing circuit comprises a driving transistor, which comprises a
gate 10, a gate insulating layer, an active layer 11, a drain 12
and a source 13, and a first insulating layer 15, which are
successively provided on the base 1. The display electrode
6 is electrically coupled to the drain 13 of the driving
transistor through a via hole 14 in the first insulating layer
15.

[0046] Since the display electrodes 6 (i.e. upper elec-
trodes) in the respective pixel regions of the top emitting
OLED substrate in the present embodiment are electrically
insulated from each other, the problem of IR-Drop caused by
the large impedance of the integrated upper electrode of the
existing whole OLED substrate can be solved.

[0047] A barrier layer 5 surrounding the pixel region can
be further disposed on the pixel defining layer 3 of the
present embodiment to separate a display electrode in the
pixel region from a display electrode in an adjacent pixel
region, as shown in FIG. 3. The OLED substrate in this
embodiment is a top emission type, and the display electrode
6 as an upper electrode is thin. Due to existence of the barrier
layer 5 surrounding the pixel region disposed on the pixel
defining layer 3, a material of the display electrode 6, which
is subsequently directly vapor-deposited, is broken at the
barrier layer 5 such that the display electrodes 6 formed in
the respective pixel regions are electrically insulated from
each other.

[0048] To be specific, a material of the barrier layer 5
includes SiNx or SiOx; the barrier layer 5 has a thickness of
about 20 to 500 nm. An angle between a top surface of the
barrier layer 5 away from the pixel defining layer 3 and a
side surface of the barrier layer 5 is greater than or equal to
about 60° such that the material of the vapor-deposited
display electrode 6 is broken at the barrier layer 5 and the
display electrodes 6 formed in the respective pixel regions
are electrically insulated from each other.

[0049] In order to prevent the display electrode 6 from
being broken between the first opening 31 and the second
opening 32 of the pixel defining layer 3, a connection
electrode 7 is further provided in the second opening 32
before the display electrode 6 is formed, and the display
electrode 6 is electrically coupled to the pixel driving circuit
(the drain of the driving transistor in the pixel driving
circuit) through the connection electrode 7; of course, it is
also feasible without the connection electrode 7, and the
display electrode 6 is directly electrically coupled to the
pixel driving circuit through the second opening 32 in the
case that there is no connection electrode 7 provided in the
second opening 32.

[0050] Taking a simple 2T1C pixel driving circuit as an
example, as shown in FIG. 1, the pixel driving circuit
includes a switch transistor M1, a driving transistor T1 and
a storage capacitor. In this embodiment, the connection
electrode 7 and the reflective electrode 2, and the source and
the drain of the driving transistor T1 in the pixel driving
circuit can be disposed in a same layer with a same material.
That is to say, the connection electrode 7 and the reflective
electrode 2, and the source and the drain of the driving
transistor T1 in the pixel driving circuit can be prepared by
a single patterning process so as to save cost and improve
productivity.
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[0051] Optionally, a material of the connection electrode 7
includes any one of lithium, magnesium and lithium fluo-
ride; the connection electrode 7 has a thickness of about 0.5
to 2 nm. Of course, the material and the thickness of the
connecting electrode 7 of the present application are not
limited thereto, and can be specifically set according to
specific situations.

[0052] A material of the reflective electrode 2 includes
aluminum alloy or silver alloy; the reflective electrode 2 has
a thickness of about 60 to 500 nm. A protective layer may
further be disposed between the reflective electrode 2 and
the light-emitting material layer 4, and a material of the
protective layer includes indium tin oxide.

[0053] A material of the display electrode 6 includes any
one of magnesium, silver, and gold; and the display elec-
trode 6 has a thickness of about 7 to 20 nm.

[0054] In this embodiment, one of the reflective electrode
2 and the display electrode 6 is an anode, and the other is a
cathode. Which one of the reflective electrode 2 and the
display electrode 6 is an anode and which one is a cathode
depends on polarities of voltages applied to the reflective
electrode 2 and the display electrode 6. The display elec-
trode 6 is an anode when a positive voltage is applied to the
display electrode 6; and the display electrode 6 is a cathode
when a negative voltage is applied to the display electrode
6.

[0055] Optionally, a hole injection layer and a hole trans-
port layer are provided between the anode and the light-
emitting material layer 4; an electron injection layer and an
electron transport layer are provided between the cathode
and the light-emitting material layer 4.

[0056] Specifically, when a voltage is applied between the
anode and the cathode, holes injected from the anode enter
the light-emitting material layer 4 by passing through the
hole injection layer and the hole transport layer and elec-
trons injected from the cathode enter the light-emitting
material layer 4 by passing through the electron injection
layer and the electron transport layer under driving of the
external voltage, the holes and electrons entering the light-
emitting material layer 4 recombine to generate excitons in
a composite region, radiative transition of the excitons will
emit light, causing a luminescent phenomenon (that is,
electroluminescence).

[0057] As shown in FIG. 5, the present embodiment
provides a method for manufacturing an OLED substrate,
which comprises the steps as follows:

[0058] Step 1: forming a pixel driving circuit in each pixel
region on a base 1. To be specific, taking a simple 2T1C
pixel driving circuit as an example, the pixel driving circuit
includes a switch transistor M1, a driving transistor T1 and
a storage capacitor, wherein both the switch transistor M1
and the driving transistor T1 include a gate, a source, and a
drain; optionally, a reflective electrode layer is also formed
while forming the source and the drain, wherein the reflec-
tive electrode layer comprises a plurality of reflective elec-
trodes 2, which are coupled to each other, and each of the
reflective electrodes 2 is correspondingly disposed in one
display region. Here, it should be noted that, the reflective
electrode 2, the source and the drain can be formed by a
single patterning process in order to simplify manufacturing
process and improve productivity.

[0059] Further, the connection electrode 7 may also be
formed in the connection region while forming the reflective
electrode 2, the source and the drain, and the connection
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electrode 7 is electrically coupled to the drain of the driving
transistor T1 so that the display electrode 6 formed later can
be electrically coupled to the drain of the driving transistor
T1 through the connection electrode 7.

[0060] A material of the reflective electrode 2 includes
aluminum alloy or silver alloy; the reflective electrode 2 has
a thickness of about 60 to 500 nm. A protective layer may
further be disposed between the reflective electrode 2 and
the light-emitting material layer 4, and a material of the
protective layer includes indium tin oxide.

[0061] A material of the connection electrode 7 is selected
from any one of lithium, magnesium and lithium fluoride;
and the connection electrode 7 has a thickness of about 0.5
to 2 nm.

[0062] Of course, the material and the thickness of the
connecting electrode 7 are not limited thereto, and can be
specifically set according to specific situations.

[0063] Step 2: forming a pixel defining layer 3 on the base
1 subjected to the above step 1, and performing an etching
process on the pixel defining layer 3 to form a first opening
31 at a position corresponding to the display region and form
a second opening 32 at a position corresponding to the
connection region.

[0064] Step 3: forming a barrier material on the base 1
subjected to the above step 2, and performing an etching
process on the barrier material to form a barrier layer 5
surrounding the pixel region.

[0065] A material of the barrier layer 5 includes SiNx or
SiOx; the barrier layer 5 has a thickness of about 20 to 500
nm. An angle between a top surface of the barrier layer 5
away from the pixel defining layer 3 and a side surface of the
barrier layer 5 is greater than or equal to about 60° such that
the material of the vapor-deposited display electrode 6 is
broken at the barrier layer 5 and the display electrodes 6
formed in the respective pixel regions are electrically insu-
lated from each other.

[0066] Step 4: forming a light-emitting material layer 4 in
the first opening 31 by inkjet printing on the base 1 subjected
to the above step 3.

[0067] Step 5: evaporating a material of the display elec-
trode 6 on the base 1 subjected to the above step 4. Due to
existence of the barrier layer 5, the material of the display
electrode 6 in each pixel region is broken at the harrier layer
5, that is, the display electrodes 6 formed in the respective
pixel regions are electrically insulated from each other; the
display electrode 6 in each of the pixel regions covers the
light-emitting material layer 4 and the second opening 32
and is electrically coupled to the pixel driving circuit
through the second opening 32; if the connection electrode
7 is provided, the display electrode 6 is electrically coupled
to the pixel driving circuit through the connection electrode
7.

[0068] A material of the barrier layer 5 includes SiNx or
SiOx; the barrier layer 5 has a thickness of about 20 to 500
nm. An angle between a top surface of the barrier layer 5
away from the pixel defining layer 3 and a side surface of the
barrier layer 5 is approximately greater than or equal to 60°
such that the material of the vapor-deposited display elec-
trode 6 is broken at the harrier layer 5 and the display
electrodes 6 formed in the respective pixel regions are
electrically insulated from each other.

[0069] Since the display electrodes 6 (i.e. upper elec-
trodes) in the respective pixel regions of the top emitting
OLED substrate formed by the manufacturing method in the
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present embodiment are electrically insulated from each
other, the problem of IR-Drop caused by the large imped-
ance of the integrated upper electrode of the existing whole
OLED substrate can be solved.

[0070] The present application further provides a display
device comprising the OLED substrate in the above embodi-
ment. Therefore, the display device of the present embodi-
ment has a better display effect.

[0071] The display device may he an electroluminescent
display device, for example, any product or component
having a display function such as an OLED panel, a cell
phone, a tablet computer, a television, a display, a notebook
computer, a digital photo frame, a navigator and the like.
[0072] It will be appreciated that the above embodiments
are exemplary implementations for the purpose of illustrat-
ing the principle of the present application only, and the
present application is not limited thereto. It will be apparent
to a person skilled in the art that many variations and
modifications may he made without departing from the spirit
and essence of the present application. These variations and
modifications should also be considered as the protective
scope of the present application.

1. An organic light-emitting display (OLED) substrate,
comprising a plurality of pixel regions, at least one of the
plurality of pixel regions provided with a pixel driving
circuit, and comprising a display region and a connection
region; wherein,

the OLED substrate comprises:

a base;

a reflective electrode layer disposed on the base, wherein
the reflective electrode layer comprises a plurality of
reflective electrodes, each of which is correspondingly
disposed in one display region;

a pixel defining layer disposed on the reflective electrode
layer, wherein the pixel defining layer is provided with
a first opening corresponding to the display region and
a second opening corresponding to the connection
region;

a light-emitting material layer disposed in the first open-
mg;

a display electrode continuously disposed on the light-
emitting material layer and in the second opening,
wherein the display electrodes in the respective pixel
regions are electrically insulated from each other,

wherein the display electrode in each of the at least one
pixel region is electrically coupled to the pixel driving
circuit in the pixel region through the second opening.

2. The OLED substrate according to claim 1, wherein the
pixel driving circuit is arranged on the base, a first insulating
layer is provided on the pixel driving circuit, and the pixel
driving circuit is electrically coupled to the display electrode
through a via hole in the first insulating layer and the second
opening.

3. The OLED substrate according to claim 1, wherein a
barrier layer surrounding the pixel region is further disposed
on the pixel defining layer to separate a display electrode in
the pixel region from a display electrode in an adjacent pixel
region.

4. The OLED substrate according to claim 3, wherein a
material of the barrier layer includes SiNx or SiOx; and the
barrier layer has a thickness of about 20 to 500 nm.

5. The OLED substrate according to claim 3, wherein an
angle between a top surface of the barrier layer away from
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the pixel defining layer and a side surface of the barrier layer
is approximately greater than or equal to 60°.
6. The OLED substrate according to claim 1, further
comprising a connection electrode disposed on the base in
the second opening, and the display electrode is electrically
coupled to the pixel driving circuit through the connection
electrode.
7. The OLED substrate according to claim 6, wherein the
pixel driving circuit comprises a driving transistor, which
comprises a source and a drain; and the connection elec-
trode, the reflective electrode, the source and the drain of the
driving transistor are disposed in a same layer by using a
same material.
8. The OLED substrate according to claim 7, wherein the
connection electrode is electrically coupled to the drain of
the driving transistor.
9. The OLED substrate according to claim 6, wherein a
material of the connection electrode comprises any one of
lithium, magnesium and lithium fluoride; and the connection
electrode has a thickness of about 0.5 to 2 nm.
10. The OLED substrate according to claim 1, wherein a
material of the reflective electrode includes aluminum alloy
or silver alloy; and the reflective electrode has a thickness of
about 60 to 500 nm.
11. The OLED substrate according to claim 10, wherein
a material of the display electrode includes any one of
magnesium, silver, and gold; and the reflective electrode has
a thickness of about 7 to 20 nm.
12. A method for manufacturing an OLED substrate,
wherein the OLED substrate comprises a plurality of pixel
regions, at least one of which is provided with a pixel driving
circuit, and comprises a display region and a connection
region; the method comprising steps as follows:
forming a reflective electrode layer on a base such that the
reflective electrode layer comprises a plurality of
reflective electrodes and each reflective electrode is
correspondingly disposed in one display region;

forming a pixel defining layer such that the pixel defining
layer is provided with a first opening at a position
corresponding to the display region and a second
opening corresponding to the connection region;

forming a light-emitting material layer in the first open-
mng;

forming a display electrode continuously disposed on the

light-emitting material layer and in the second opening
such that the display electrodes in the respective pixel
regions are electrically insulated from each other;
wherein the display electrode in each of the at least one
pixel region is electrically coupled to the pixel driving
circuit in the pixel region through the second opening.

13. The method for manufacturing the OLED substrate
according to claim 12, wherein prior to the step of forming
a reflective electrode layer on a base, the method further
comprises: forming the pixel driving circuit on the base.

14. The method for manufacturing the OLED substrate
according to claim 12, wherein between the step of forming
a pixel defining layer such that the pixel defining layer is
provided with a first opening at a position corresponding to
the display region and a second opening corresponding to
the connection region, and the step of forming a light-
emitting material layer in the first opening, the method
further comprising:

forming a barrier layer surrounding the pixel region on the

pixel defining layer.
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15. The method for manufacturing the OLED substrate
according to claim 12, wherein prior to the step of forming
a display electrode continuously disposed on the light-
emitting material layer and in the second opening such that
the display electrodes in the respective pixel regions are
electrically insulated from each other, the method further
comprising:

forming a connection electrode in the second opening.

16. The method for manufacturing the OLED substrate
according to claim 15, wherein the connection electrode, the
reflective electrode, the source and the drain of the driving
transistor in the pixel driving circuit are formed by a single
patterning process.

17. The method for manufacturing the OLED substrate
according to claim 12, wherein a material of the reflective
electrode comprises aluminum alloy or silver alloy; and the
reflective electrode has a thickness of about 60 to 500 nm.

18. A display device comprising the OLED substrate
according to claim 1.

19. The display device according to claim 18, wherein a
barrier layer surrounding the pixel region is further disposed
on the pixel defining layer to separate a display electrode in
the pixel region from a display electrode in an adjacent pixel
region.

20. The display device according to claim 19, wherein a
material of the barrier layer includes SiNx or SiOx; and the
barrier layer has a thickness of about 20 to 500 nm.
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