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OLED DISPLAY SUBSTRATE AND METHOD
FOR PREPARING THE SAME, AND DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201811525498.8 filed on Dec. 13, 2018,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, in particular, to a display substrate, a method for
preparing the same and a display device.

BACKGROUND

[0003] Organic light-emitting diode (OLED) has the
advantages of self-illumination, wide viewing angle and
light weight, compared with liquid crystal display (LCD),
and is considered as the next generation display technology.
[0004] Existing OLED devices typically include an anode
and a cathode, and a light-emitting layer between the anode
and the cathode. According to different light directions, it
can be divided into a bottom-emitting device and a top-
emitting device. Since the top-emitting device can obtain a
larger aperture ratio and can significantly increase the screen
brightness, it has become a hot research in recent years.
[0005] However, the related art OLED device has a
remarkable phenomenon of uneven light emission.

SUMMARY

[0006] A method for preparing an OLED display substrate
comprises: providing a substrate comprising pixel definition
regions each for defining a pixel unit, and forming a first
electrode in the pixel unit; forming a pixel definition struc-
ture and an auxiliary electrode in the pixel definition region,
the pixel definition structure being configured to separate the
first electrode from the auxiliary electrode; forming a phase
transition structure; forming a light-emitting layer to cover
the phase transition structure and the first electrode; exciting
the phase transition structure to contract the phase transition
structure, thereby causing the light-emitting layer to be
broken at a position corresponding to the contraction of the
phase transition structure to form an opening; and forming
a second electrode, such that the second electrode covers the
light-emitting layer and is electrically connected to the
auxiliary electrode through the opening.

[0007] Optionally, the forming the phase transition struc-
ture comprises forming a first phase transition structure on
a surface of the auxiliary electrode away from the substrate.
[0008] Optionally, the pixel definition structure encloses a
first closed pattern, with a first holding region being in a
pattern body of the first closed pattern, and with the auxiliary
electrode being formed in the first holding region.

[0009] Optionally, a middle portion of the first holding
region between at least partially adjacent two pixel units
further has a second holding region, and the forming the
phase transition structure comprises forming a second phase
transition in the second holding region on the substrate.
[0010] Optionally, the exciting the phase transition struc-
ture comprises irradiating the phase transition structure with
a laser beam.
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[0011] Optionally, the laser beam has a wavelength of 330
to 380 nm, an energy density of 10 to 6000 mlJ/cm?, a
frequency of 100 to 3000 Hz, and a duration of 5 to 1000 ns.
[0012] Optionally, a material for forming the phase tran-
sition structure comprises one or a mixture of polyimide or
polysiloxane containing azobenzene structure, polyimide
containing a benzopyrylospiran structure, chlorinated poly-
ethylene, and acryloyl-cinnamoyl-ethylene diester copoly-
mer(HEA-CA).

[0013] Optionally, the first electrode is an anode and the
second electrode is a cathode.

[0014] An embodiment of the present disclosure further
provides an OLED display substrate comprising: a substrate
comprising pixel definition regions each for defining a pixel
unit; a first electrode arranged in the pixel unit; a pixel
definition structure and an auxiliary electrode arranged in
each of the pixel definition regions, the pixel definition
structure being configured to separate the first electrode
from the auxiliary electrode; a phase transition structure
arranged at a position proximate to the auxiliary electrode
above the substrate, which has been contracted due to being
excited; a light-emitting layer covering the phase transition
structure and the first electrode, which is broken at a position
corresponding to the contraction of the phase transition
structure to form an opening, thereby exposing at least a part
of a surface of the auxiliary electrode; and a second elec-
trode covering the light-emitting layer and being electrically
connected to the auxiliary electrode through the opening.
[0015] Optionally, the phase transition structure comprises
a first phase transition structure arranged on a surface of the
auxiliary electrode away from the substrate.

[0016] Optionally, the opening comprises a first opening
corresponding to a position of the first phase transition
structure, and a surface of the auxiliary electrode away from
the substrate is electrically connected to the second electrode
through the first opening.

[0017] Optionally, the pixel definition structure encloses a
first closed pattern, with a first holding region being in a
pattern body of the first closed pattern, and with the auxiliary
electrode being formed in the first holding region; and a
middle portion of the first holding region between at least
partially adjacent two pixel units further has a second
holding region, and the second holding region is provided
with a second phase transition structure.

[0018] Optionally, the opening comprises a second open-
ing corresponding to a position of the second phase transi-
tion structure, with a side surface of the auxiliary electrode
being electrically connected to the second electrode through
the second opening.

[0019] Optionally, a size of the second phase transition
structure is smaller than a size of the auxiliary electrode in
a direction perpendicular to the substrate.

[0020] An embodiment of the present disclosure further
provides a display device comprising the OLED display
substrate as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1is a flow chart of a method for preparing an
OLED display substrate according to one embodiment of the
present disclosure.

[0022] FIG. 2 is a schematic view showing a method for
preparing an OLED display substrate according to one
embodiment of the present disclosure.
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[0023] FIG. 3 is a schematic view showing the isomeric
variation of azobenzene molecules according to some
embodiments of the present disclosure.

[0024] FIG. 41s a cross-sectional view showing a structure
of an OLED display substrate according to some embodi-
ments of the present disclosure.

[0025] FIG. S isa top view of an OLED display substrate
according to some embodiments of the present disclosure.
[0026] FIG. 6is a cross-sectional view showing a structure
of an OLED display substrate according to another embodi-
ment of the present disclosure.

[0027] Reference numbers: 1, substrate; 2, anode; 30,
pixel defining region; 3, pixel definition structure; 4, auxil-
iary cathode; 5, phase transition structure; 51, first phase
transition structure; 52, second phase transition structure; 6,
light-emitting layer; 61, first opening; 62, second opening; 7,
cathode; 31, pixel unit; 80, first closed pattern; 91, first
holding region; and 92, second holding region.

DETAILED DESCRIPTION

[0028] In order to allow one skilled in the art to better
understand the technical solutions of the present disclosure,
the present disclosure will be further described below in
detail in conjunction with the drawings and detailed descrip-
tion.

[0029] The inventors have found that at least the following
problems exist in the related art. Generally, the pixel defi-
nition structure defines a pixel unit, and the first electrode on
the substrate is separated by a pixel definition structure,
while the light-emitting layer and the cathode are both whole
layer structure. The top-emitting OLED device needs very
thin cathodes and reflective anodes to increase the transmis-
sion of light, while the problem with thin transparent cath-
odes is that the resistance is higher and the IR drop is more
severe. In general, the farther away from the power supply
point, the more obvious the voltage drop of the OLED
light-emitting surface, thereby resulting in significant
uneven light emission of the OLED device.

Embodiment 1

[0030] This embodiment provides a method for preparing
an OLED display substrate, as shown in FIG. 1, comprising:
[0031] SO01, providing a substrate comprising pixel defi-
nition regions each for defining a pixel unit, and forming a
first electrode in the pixel unit;

[0032] S02, forming a pixel definition structure and an
auxiliary electrode in the pixel definition region, the pixel
definition structure being configured to separate the first
electrode from the auxiliary electrode;

[0033] S03, forming a phase transition structure;

[0034] S04, forming a light-emitting layer to cover the
phase transition structure and the first electrode;

[0035] SO05, exciting the phase transition structure to con-
tract the phase transition structure, thereby causing the
light-emitting layer to be broken at a position corresponding
to the contraction of the phase transition structure to form an
opening; and

[0036] S06, forming a second electrode, such that the
second electrode covers the light-emitting layer and is
electrically connected to the auxiliary electrode through the
opening.

[0037] In this embodiment, a phase transition structure is
formed on a surface of the auxiliary electrode away from the
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substrate, and is contracted by the excitation, thereby caus-
ing the light-emitting layer to form an opening. Thus, the
second electrode is electrically connected to the auxiliary
electrode through the opening when the light-emitting layer
is covered by the second electrode. Without patterning the
light-emitting layer, the method also ensures that the auxil-
iary electrode is connected to the second electrode through
the opening, to reduce the resistance of the second electrode.

Embodiment 2

[0038] This example provides a method for preparing an
OLED display substrate, as shown in FIGS. 2, 4-6, com-
prising:

[0039] S1, providing a substrate 1, comprising pixel defi-
nition regions each for defining a pixel unit, and forming an
anode 2 in the pixel unit, in which a pixel definition region
is between adjacent pixel units.

[0040] Optionally, the anode 2 may be formed by a
process such as magnetron sputtering or vacuum evapora-
tion, and patterned by a process such as exposure etching.
The material of the anode 2 may be one or a mixture of alloy
materials selected from Al, Ag, and Mg.

[0041] S2, forming a pixel definition structure 3 and an
auxiliary cathode 4 (i.e., auxiliary electrode), both contact-
ing the substrate 1, in the pixel definition region.

[0042] Optionally, a material of the pixel definition struc-
ture 3 may be selected from resin, polyimide, silicone or
silica. The size of the pixel definition structure 3 in the
direction perpendicular to the substrate 1 (which may also be
referred to as the thickness of the pixel definition structure
3) may be 100 nm to 700 nm.

[0043] Optionally, a material of the auxiliary cathode 4
may be at least one selected from molybdenum, aluminum,
copper, silver, and niobium. The size of the auxiliary cathode
4 in the direction perpendicular to the substrate 1 (which
may also be referred to as the thickness of the auxiliary
cathode 4) may be same as the size of the pixel definition
structure 3, or may be different from the size of the pixel
definition structure 3. The size of the auxiliary cathode 4 is
not limited, and for example, the thickness of the auxiliary
cathode 4 may also be in the range of 100 nm to 700 nm.
[0044] S3, forming a phase transition structure 5.

[0045] In one embodiment, the forming the phase transi-
tion structure 5 comprises forming a first phase transition
structure 51 on a surface of the auxiliary cathode 4 away
from the substrate 1.

[0046] Among them, the first phase transition structure 51
is as shown in FIGS. 4 and 5, and the pixel definition
structure 3 encloses a first closed pattern 80, with a first
holding region 91 being in a pattern body of the first closed
pattern 80, and with the auxiliary cathode 4 being formed in
the first holding region 91. That is to say, the first closed
pattern 80 of the pixel definition structure 3 defines a pixel
unit in which the anode 2 is arranged; and the auxiliary
holding cathode 4 is arranged in the first holding region 91
on the first closed pattern 80. The first phase transition
structure 51 is formed on the surface of the auxiliary cathode
4 away from the substrate 1.

[0047] In another embodiment, as shown in FIG. 6, the
forming the phase transition structure 5 further comprises
forming a second phase transition structure 52.

[0048] Specifically, a middle portion of the first holding
region 91 between at least partially adjacent two pixel units
further has a second holding region 92, and the forming the
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phase transition structure comprises forming a second phase
transition 52 in the second holding region 92 on the sub-
strate. Tt should be noted that the first phase transition
structure 51 and the second phase transition structure 52
may be formed in different stages, or may be formed
simultaneously, in which a process may be saved if the they
are formed simultaneously.

[0049] The material for forming the phase transition struc-
ture 5 may be polyimide or polysiloxane containing azoben-
zene structure, or may be polyimide containing a benzopy-
rylospiran structure, chlorinated polyethylene, and acryloyl-
cinnamoyl-ethylene diester copolymer and the like.

[0050] S4, forming a light-emitting layer 6 on the sub-
strate 1 after the above S1 to S3 is completed, such that the
light-emitting layer 6 covers the phase transition structure 5
and the first electrode.

[0051] Here, the light-emitting layer 6 may be formed by
vacuum evaporation or inkjet printing. In the present
embodiment, the light-emitting layer 6 is a layer structure
covering whole layer. It should be noted that the light-
emitting layer 6 may also be a multilayer structure. For
example, the light-emitting layer 6 may comprise a hole
injection layer (HIL), a hole transport layer (HTL), an
emitting material layer (EML), an electron transport layer
(ETL) and an electron injection layer (EIL).

[0052] S5, exciting the phase transition structure 5 to
contract the phase transition structure 5, thereby causing the
light-emitting layer 6 to be broken at a position correspond-
ing to the contraction of the phase transition structure 5 to
form an opening.

[0053] As an optional implementation in this embodiment,
the exciting the phase transition structure 5 comprises an
irradiation with a laser. The laser light for irradiation may be
selected or changed according to the material of the phase
transition structure 5.

[0054] In one embodiment, the laser beam has a wave-
length of 330 to 380 nm, an energy density of 10 to 6000
ml/cm?, a frequency of 100 to 3000 Hz, and a duration of 5
to 1000 ns.

[0055] Taking a high polymer containing azobenzene
structure as an example, after exposure to light of a certain
wavelength, the azobenzene molecule undergoes a cis-trans
isomerization reaction, as shown in FIG. 3, and the molecu-
lar length becomes short and contraction occurs.

[0056] Specifically, the light-emitting layer 6 shown in
FIGS. 4 and 5 is broken at a position corresponding to the
contraction of the phase transition structure 5 to form an
opening. The light-emitting layer 6 shown in FIG. 6 is not
only broken at a position corresponding to the contraction of
the first phase transition structure 51 to form the first
opening 61, but also broken at a position corresponding to
the contraction of the second phase transition structure 52 to
form the second opening 62.

[0057] S6, forming a cathode 7 on the substrate 1 after the
above S1 to S5 is completed, such that the cathode 7 covers
the light-emitting layer 6, and is electrically connected to the
auxiliary cathode 4 through the opening.

[0058] Specifically, the cathode 7 may be formed of a
composite material of one or more of magnesium-silver
mixture, indium zinc oxide 17O, indium tin oxide ITO,
aluminum-doped zinc oxide AZO, or the like.

[0059] In the present embodiment, the phase transition
structure 5 is formed on the surface of the auxiliary cathode
4 away from the substrate 1 and is contracted by the
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excitation, thereby causing the light-emitting layer 6 cover-
ing whole layer to be broken at a position corresponding to
the contraction of the phase transition structure 5 to form an
opening, such that the cathode 7 when it covers the light-
emitting layer 6 is electrically connected to the auxiliary
cathode 4 through the opening. Without patterning the
light-emitting layer 6, this method also ensures that the
auxiliary electrode 4 is connected to the cathode 7 through
the opening, to reduce the resistance of the cathode 7.
[0060] In the present embodiment, a scheme where the
first electrode is the anode 2 and the second electrode is the
cathode 7 (the second electrode is the cathode 7 and the
auxiliary electrode is the auxiliary cathode 4) has been
described as an example. The scheme where the first elec-
trode is the cathode 7 and the second electrode is the anode
2 is similar to the scheme of the present embodiment, and a
detailed description is omitted here.

Embodiment 3

[0061] This embodiment provides an OLED display sub-
strate, as shown in FIG. 4, comprising: a substrate 1,
comprising a pixel defining region 30 for defining a plurality
of pixel units 31; an anode 2 arranged in the pixel unit; a
pixel definition structure 3 and an auxiliary cathode 4
arranged in each of the pixel definition regions 30 and both
contacting the substrate 1; a phase transition structure 5
arranged at a position proximate to the auxiliary cathode 4
above the substrate 1, which has been contracted due to
being excited; a light-emitting layer 6 covering the phase
transition structure and the anode 2, which is broken at a
position corresponding to the contraction of the phase tran-
sition structure 5 to form an opening, thereby exposing at
least a part of a surface of the auxiliary electrode 4; and a
cathode 7 covering the light-emitting layer 6 and being
electrically connected to the auxiliary cathode 4 through the
opening. In the present embodiment, the anode 2 is below
the light-emitting layer 6, and the cathode 7 is above the
light-emitting layer 6 as an example. The scheme where the
cathode 7 and the anode 2 are interchanged is similar to this
embodiment, and a detailed description is omitted here.
[0062] In this embodiment, the anode 2 is a patterned
structural layer. Therefore, on the substrate 1, the region
containing the anode 2 is a region of a pixel unit, and the
region not containing the anode 2 does not emit light even
if it covers the cathode 7, and does not belong to pixel units.
Referring to FIG. 4, the region not containing the anode 2 is
the pixel definition region 30. Optionally, the anode 2 may
be composed of an alloy of one or more of Al, Ag, and Mg.
[0063] In one embodiment, as shown in FIG. 5, the pixel
definition structure 3 encloses a first closed pattern 80, with
a first holding region being in a pattern body of the first
closed pattern 80, and with the auxiliary cathode being
formed in the first holding region.

[0064] The phase transition structure 5 comprise a first
phase transition structure 51 arranged on a surface of the
auxiliary cathode away from the substrate 1.

[0065] For example, in the direction perpendicular to the
substrate 1, the size of the auxiliary cathode 4 is same as the
size of the pixel definition structure 3. Optionally, the
thickness of the pixel definition structure 3 and the auxiliary
cathode 4 may both be in the range of 100 nm to 700 nm.
[0066] Optionally, the opening comprises a first opening
61 corresponding to the position of the first phase transition
structure 51, and the surface of the auxiliary cathode 4 away
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from the substrate 1 is electrically connected to the cathode
7 through the first opening 61.

[0067] In another embodiment, the middle portion of the
first holding region 91 between at least partially adjacent
two pixel units further has a second holding region 92, and
the second holding region 92 is provided with a second
phase transition structure 52. As shown in FIG. 6, the second
phase transition structure 52 may be arranged in the second
holding region 92 in the middle portion of the first holding
region 91 between the two pixel units in adjacent columns,
or a second phase transition structure 52 may be arranged in
the second holding region 92 in the middle portion of the
first holding region 91 between two pixel units in adjacent
rOws.

[0068] In the present embodiment, the auxiliary cathode 4
is interposed in the pixel definition structure 3, and the
auxiliary cathode 4 may be made of at least one of molyb-
denum, aluminum, coppet, silver, and niobium. The pixel
definition structure 3 may be composed of a material, such
as resin, polyimide, silicone or silica. Specifically, as shown
in FIG. 6, the phase transition material is also retained in the
region between the auxiliary cathodes 4. After the irradiation
with the laser, the breakage of the light-emitting layer 6 is
increased so that the overlapping area of the cathode 7 and
the auxiliary cathode 4 is increased and the contact area
between the cathode 7 and the auxiliary cathode 4 is
increased, which is more advantageous for reducing the
electric resistance.

[0069] Optionally, the opening comprises a second open-
ing 62 corresponding to a position of the second phase
transition structure 52, with a side surface of the auxiliary
cathode 4 being electrically connected to the second elec-
trode 7 through the second opening 62.

[0070] Specifically, the size of the second phase transition
structure 52 is smaller than the size of the auxiliary cathode
4 in a direction perpendicular to the substrate 1. That is, the
thickness of the second phase transition structure 52 is
different from that of the auxiliary cathode 4, that is, the
thickness of the second phase transition structure 52 is
smaller than that of the auxiliary cathode 4, which is more
advantageous for increasing the total area of the breakage of
the light-emitting layer 6.

[0071] In the drawings corresponding to this embodiment,
the size, thickness, and the like of each structural layer
shown are merely illustrative. In the process implementa-
tion, the projected area of each structural layer on the
substrate may be the same or different. The desired projected
area of each structural layer can be achieved by an etching
process. At the same time, the geometry of each structural
layer is not limited by the structure shown in the drawings,
for example, it may be a rectangle as shown in the drawing,
or may be trapezoidal, or other shape formed by etching.
They can also be achieved by etching.

Embodiment 4

[0072] The embodiment provides a display device com-
prising any one of the above OLED display substrates. The
display device may be: an electronic paper, an OLED panel,
a mobile phone, a tablet computer, a television, a display, a
notebook computer, a digital photo frame, a navigator, or
any product or component having a display function.

[0073] It is to be understood that the above embodiments
are merely exemplary embodiments to explain the principles
of the present disclosure, but the present disclosure is not
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limited thereto. One skilled in the art would make various
modifications and improvements without departing from the
spirit and scope of the present disclosure. These modifica-
tions and improvements should also be regarded as the
protection scope of the present disclosure.

What is claimed is:

1. A method for preparing an Organic Light-Emitting
Diode (OLED) display substrate, comprising:

providing a substrate comprising pixel definition regions

each for defining a pixel unit, and forming a first
electrode in the pixel unit;

forming a pixel definition structure and an auxiliary

electrode in the pixel definition region, the pixel defi-
nition structure being configured to separate the first
electrode from the auxiliary electrode;

forming a phase transition structure;

forming a light-emitting layer to cover the phase transi-

tion structure and the first electrode;

exciting the phase transition structure to contract the

phase transition structure, thereby causing the light-
emitting layer to be broken at a position corresponding
to the contraction of the phase transition structure to
form an opening; and

forming a second electrode, such that the second electrode

covers the light-emitting layer and is electrically con-
nected to the auxiliary electrode through the opening.

2. The method of claim 1, wherein the forming the phase
transition structure comprises forming a first phase transition
structure on a surface of the auxiliary electrode away from
the substrate.

3. The method of claim 1, wherein the pixel definition
structure encloses a first closed pattern, with a first holding
region being in a pattern body of the first closed pattern, and
with the auxiliary electrode being formed in the first holding
region.

4. The method of claim 3, wherein a middle portion of the
first holding region between at least partially adjacent two
pixel units further has a second holding region, and the
forming the phase transition structure comprises forming a
second phase transition the second holding region on the
substrate.

5. The method of claim 1, wherein the exciting the phase
transition structure comprises irradiating the phase transition
structure with a laser beam.

6. The method of claim 5, wherein the laser beam has a
wavelength of 330 to 380 nm, an energy density of 10 to
6000 mJ/cm?, a frequency of 100 to 3000 Hz, and a duration
of 5 to 1000 ns.

7. The method of claim 1, wherein a material for forming
the phase transition structure comprises one or a mixture of
polyimide or polysiloxane containing azobenzene structure,
polyimide containing a benzopyrylospiran structure, chlori-
nated polyethylene, and acryloyl-cinnamoyl-ethylene
diester copolymer.

8. The method of claim 1, wherein the first electrode is an
anode and the second electrode is a cathode.

9. The method of claim 1, wherein a material of the
auxiliary electrode is at least one selected from molybde-
num, aluminum, copper, silver, and niobium, and a material
of the pixel definition structure is selected from resin,
polyimide, silicone or silica.

10. An OLED display substrate, comprising:

a substrate, comprising pixel definition regions each for

defining a pixel unit;
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a first electrode arranged in the pixel unit;

a pixel definition structure and an auxiliary electrode
arranged in each of the pixel definition regions, the
pixel definition structure being configured to separate
the first electrode from the auxiliary electrode;

a phase transition structure arranged at a position proxi-
mate to the auxiliary electrode above the substrate,
which has been contracted due to being excited:

a light-emitting layer covering the phase transition struc-
ture and the first electrode, which is broken at a position
corresponding to the contraction of the phase transition
structure to form an opening, thereby exposing at least
a part of a surface of the auxiliary electrode; and

a second electrode covering the light-emitting layer and
being electrically connected to the auxiliary electrode
through the opening.

11. The OLED display substrate of claim 10, wherein the
phase transition structure comprises a first phase transition
structure arranged on a surface of the auxiliary electrode
away from the substrate.

12. The OLED display substrate of claim 11, wherein the
opening comprises a first opening corresponding to a posi-
tion of the first phase transition structure, and a surface of the
auxiliary electrode away from the substrate is electrically
connected to the second electrode through the first opening.

13. The OLED display substrate of claim 10, wherein the
pixel definition structure encloses a first closed pattern, with
a first holding region being in a pattern body of the first
closed pattern, and with the auxiliary electrode being formed
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in the first holding region; and a middle portion of the first
holding region between at least partially adjacent two pixel
units further has a second holding region, and the second
holding region is provided with a second phase transition
structure.

14. The OLED display substrate of claim 13, wherein the
opening comprises a second opening corresponding to a
position of the second phase transition structure, with a side
surface of the auxiliary electrode being electrically con-
nected to the second electrode through the second opening.

15. The OLED display substrate of claim 14, wherein a
size of the second phase transition structure is smaller than
a size of the auxiliary electrode in a direction perpendicular
to the substrate.

16. The OLED display substrate of claim 10, wherein a
material for forming the phase transition structure comprises
one or a mixture of polyimide or polysiloxane containing
azobenzene structure, polyimide containing a benzopyrylo-
spiran structure, chlorinated polyethylene, and acryloyl-
cinnamoyl-ethylene diester copolymer.

17. The OLED display substrate of claim 10, wherein a
material of the auxiliary electrode is at least one selected
from molybdenum, aluminum, copper, silver and niobium,
and a material of the pixel definition structure is selected
from resin, polyimide, silicone or silica.

18. A display device, comprising the OLED display
substrate of claim 10.

* ok %k
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