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(57) ABSTRACT

The present disclosure discloses an electroluminescent sub-
strate plate, a method of manufacturing the same, and a
display device. The method includes printing an ink com-
prising a light-emitting layer material and a solvent capable
of dissolving the light-emitting layer material in a display
region of a substrate; and printing a solvent in a region other
than the display region. Thus, the method can easily obtain
an electroluminescent substrate plate, and the manufactured
electroluminescent substrate plate can satisfy the dry atmo-
sphere consistency of the display region and the peripheral
region during the film formation by inkjet printing, can
significantly improve the film thickness uniformity of the
display region, and at the same time is beneficial to the
design requirements of a large size and a narrow frame.
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ELECTROLUMINESCENT SUBSTRATE
PLATE, METHOD FOR MANUFACTURING
THE SAME AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims a priority to Chinese Patent
Application No. 201711348484.9, entitled with “Electrolu-
minescent Display Back Plate, Method for manufacturing
the same and Display Device”, submitted on Dec. 15, 2017,
the disclosure of which is incorporated herein in its entirety
by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a field of display
technology, particularly to an electroluminescent substrate
plate, a method for manufacturing the same and a display
device.

BACKGROUND

[0003] At present, an organic electroluminescence
(OLED) display technology is developing rapidly. As an
important one in the OLED display technology, a polymer
electroluminescence (PLED) display technology is used
more and more widely. Since a technology for preparing a
PLED display device by inkjet printing (inkjet printing
PLED technology) has advantages such as simple operation,
low cost, simple process, and easy realization of large size,
and with the continuous development of high-performance
polymer materials and the further improvement in a thin film
preparation technology, the inkjet printing PLED technology
is expected to be rapidly industrialized. However, the current
electroluminescent substrate plate, the method for manufac-
turing the same and the display device still need to be
improved.

SUMMARY
[0004] The present disclosure provides the following tech-
nical solutions.
[0005] In one aspect of the present disclosure, a method of

manufacturing an electroluminescent substrate plate is pro-
vided. According to some embodiments of the present
disclosure, the electroluminescent substrate plate comprises
a substrate and a light-emitting layer on the substrate, the
method comprises: printing an ink in a display region of the
substrate, the ink comprises a light-emitting layer material,
and a solvent capable of dissolving the light-emitting layer
material; and printing a solvent in a region other than the
display region of the substrate.

[0006] According to some embodiments of the present
disclosure, the substrate further comprises an encapsulating
region configured to surround the display region, and
optionally, a boundary of the region where the solvent is
printed is away from a printing boundary on one side of the
display region and extends into the encapsulating region.
According to some embodiments of the present disclosure,
a pixel defining layer is disposed on the substrate before
printing the ink, the pixel defining layer comprises openings
arranged in an array, and the ink is printed into the openings.
An orthographic projection of the openings on the substrate
is located within the display region, and the solvent is
printed in a region other than the display region.
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[0007] According to some embodiments of the present
disclosure, a virtual region is also included between the
display region and the encapsulating region, and said print-
ing a solvent further comprises: printing a solvent in the
virtual region; and printing a solvent added with a tackifier
in the encapsulating region. According to some embodi-
ments of the present disclosure, an orthographic projection
of the pixel defining layer on the substrate overlaps an
orthographic projection of the virtual region on the sub-
strate, and said printing a solvent in the virtual region
comprises printing the solvent on the pixel defining layer in
the virtual region.

[0008] According to some embodiments of the present
disclosure, an orthographic projection of the pixel defining
layer on the substrate does not overlap an orthographic
projection of the virtual region on the substrate, and said
printing a solvent in the virtual region comprises printing the
solvent in the virtual region on the substrate.

[0009] According to some embodiments of the present
disclosure, an orthographic projection of the pixel defining
layer on the substrate does not overlap an orthographic
projection of the encapsulating region on the substrate, and
the solvent added with a tackifier is printed in the portion of
the substrate in the encapsulating region. In another aspect
of the present disclosure, the present disclosure provides an
electroluminescent substrate plate. According to some
embodiments of the present disclosure, the electrolumines-
cent substrate plate is manufactured using the methods as
described above.

[0010] In yet another aspect of the present disclosure, the
present disclosure provides an electroluminescent substrate
plate. The electroluminescent substrate plate comprises: a
substrate including a display region; and a light-emitting
layer on the substrate, the light-emitting layer being formed
of an ink comprising a light-emitting layer material, and a
solvent capable of dissolving the light-emitting layer mate-
rial, wherein an orthographic area of a region where the
light-emitting layer material is located on the substrate is
less than or equal to an area of the display region.

[0011] According to some embodiments of the present
disclosure, the electroluminescent substrate plate may be an
electroluminescent substrate plate as described above or be
manufactured using the methods as described above.
[0012] According to some embodiments of the present
disclosure, a virtual region is further defined on the sub-
strate, the virtual region is disposed to surround the display
region and is configured to receive the solvent for printing,
and a pixel defining layer comprising openings arranged in
an array is disposed on the substrate. An orthographic
projection of the openings on the substrate does not overlap
the virtual region, and the light-emitting layer material is
located at the openings.

[0013] According to some embodiments of the present
disclosure, an orthographic projection of the pixel defining
layer on the substrate overlaps the virtual region, and the
pixel defining layer located in the virtual region is config-
ured to receive the solvent for printing. According to some
embodiments of the present disclosure, an orthographic
projection of the pixel defining layer on the substrate does
not overlap the virtual region, and the virtual region on the
substrate is configured to receive the solvent for printing.
According to some embodiments of the present disclosure,
at least a portion of a surface of the pixel defining layer is
formed of a hydrophobic material.
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[0014] According to some embodiments of the present
disclosure, the substrate further comprises an encapsulating
region, the virtual region is located between the encapsu-
lating region and the display region, and the electrolumi-
nescent substrate plate further comprises: an auxiliary
encapsulating layer disposed in the encapsulating region and
formed of the solvent to which an adhesive is added.
[0015] In still another aspect of the present disclosure, the
present disclosure provides a display device. According to
some embodiments of the present disclosure, the display
device includes the electroluminescent substrate plate as
described above.

BRIEF DESCRIPTION OF THE FIGURES

[0016] The above and/or additional aspects and advan-
tages of the present disclosure will become apparent and
readily understood from the description of the embodiments
in connection with the following figures, wherein

[0017] FIG. 1 shows a schematic flow diagram of a
method for manufacturing an electroluminescent substrate
plate in accordance with some embodiments of the present
disclosure;

[0018] FIG. 2 shows a schematic flow diagram of a
method for manufacturing an electroluminescent substrate
plate in accordance with some embodiments of the present
disclosure;

[0019] FIG. 3 shows a partial schematic flow diagram of
a method for manufacturing an electroluminescent substrate
plate in accordance with some embodiments of the present
disclosure;

[0020] FIG. 4 shows a partial schematic flow diagram of
a method for manufacturing an electroluminescent substrate
plate in accordance with further embodiments of the present
disclosure;

[0021] FIG. 5 shows a partial schematic flow diagram of
a method for manufacturing an electroluminescent substrate
plate in accordance with still further embodiments of the
present disclosure;

[0022] FIG. 6 shows a partial schematic flow diagram of
a method for manufacturing an electroluminescent substrate
plate in accordance with still further embodiments of the
present disclosure;

[0023] FIG. 7 is a schematic diagram showing a structure
of a display device according to some embodiments of the
present disclosure; and

[0024] FIG. 8 shows a schematic view of a film formation
state of the electroluminescent substrate plate manufactured
according to some embodiments of the present disclosure
and the electroluminescent substrate plate manufactured by
ink-jet printing the same ink as a light-emitting region in the
virtual pixel region at a periphery of the light-emitting
region.

DETAILED DESCRIPTION

[0025] The embodiments of the present disclosure are
described in detail below, and the examples of the embodi-
ments are illustrated in the accompanying drawings, wherein
the same or similar reference numerals are used to refer to
the same or similar elements or elements having the same or
similar functions. The embodiments described below with
reference to the accompanying drawings are intended to be
illustrative only, and are not to be considered as limiting.
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[0026] Inkjet printing is to spray coat a solution containing
active materials, such as a hole transporting material (such
as PEDOT/PSS (doped polyaniline)) and a red, green or blue
light-emitting material onto a sub-pixel pit on a previously
patterned substrate respectively, through a micron-sized
printing head, thereby forming red, green and blue three
primary color light-emitting pixel units, and a thickness of
the formed film layer is determined by an amount of solute
printed in the pixels. The method can greatly save expensive
light-emitting materials, and can greatly shorten a film
formation time by using a head having a plurality of ejection
ports (for example, having 128 or 256 ejection ports).

[0027] Theinventors of the present application have found
that currently the electroluminescent substrate plate manu-
factured by inkjet printing has a problem that it is difficult to
truly achieve a narrow frame. The inventors have conducted
intensive research and a large number of experiments, and
found that this is mainly due to the fact that the current
substrate plate needs to manufacture a wider virtual pixel
area around a display region. In the manufacture of an
electroluminescent substrate plate by the inkjet printing
technology, the solvent vapor of the droplets deposited by
the inkjet printing is mainly volatilized by an edge region of
the droplet, and a change in a volume of the solution mainly
occurs in the central region of the droplet during the film
formation by drying. Therefore, the inkjet printing will
allow the inside of the droplet to form a solution flow from
the center to the edge, which will drive the solute to migrate
to the edge of the droplet, and make the solute finally deposit
at the edge, eventually forming a depositional morphology
with thick at the edge and thin at the center, and resulting in
a coffee ring effect. That is, for an electroluminescent thin
film obtained by depositing an electroluminescent material
by inkjet printing, since the pixels at the edge of the substrate
plate are different from the pixels in the middle in terms of
the dry atmosphere, the edge pixels are dried too fast,
resulting in uneven film thickness in the light-emitting
region, which affects the overall film thickness uniformity,
and seriously affects the performance of the light-emitting
device. In order to solve the problem of uneven film thick-
ness and poor display in the above-mentioned light-emitting
region, it is necessary to make a circle of virtual pixel layer
around the light-emitting region (or called DUMMY region)
to ensure the atmosphere consistency of the printed substrate
in the middle of the light-emitting region and the peripheral
region during the drying treatment. Specifically, it is neces-
sary to ink-jet print the same ink (having a light-emitting
material and a solvent) as the light-emitting region in the
virtual pixel region around the periphery of the light-
emitting region. Although the existing technology can
ensure the consistency of the drying atmosphere of the
light-emitting layer and the peripheral region, the ink that is
ink-jet printed in the virtual pixel region will leave a
light-emitting material after the vacuum drying treatment,
which will eventually form a virtual pixel layer structure.
However, the virtual pixel layer is an invalid structure for the
late light emission, and the virtual pixel layer cannot be
encapsulated (affecting the encapsulating effect). Therefore,
it is necessary to provide an encapsulating region on the
periphery of the DUMMY area, which makes it difficult to
narrow the frame. At present, the improvement of the film
thickness uniformity of the light-emitting region is still
limited, which is disadvantageous for maintaining the con-
sistency of the drying atmosphere in inkjet printing of a
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large-sized substrate plate. Therefore, if it is possible to
provide a method for preparing an electroluminescent sub-
strate plate that narrows the virtual pixel layer, or even
without a virtual pixel layer, and the consistency of the
drying atmosphere of the light-emitting region and the
peripheral region is satisfied during the film formation by
inkjet printing, the uniformity of the film thickness of the
light-emitting region of the manufactured display substrate
plate can be remarkably improved, and at the same time, the
design requirements of the large-size and narrow-frame are
favorable.

[0028] The present disclosure is intended to alleviate or
solve at least one of the above mentioned problems at least
to some extent. In one aspect of the present disclosure, a
method of manufacturing an electroluminescent substrate
plate is provided. The method can easily obtain an elec-
troluminescent substrate plate, and the manufactured elec-
troluminescent substrate plate can satisfy the drying atmo-
sphere consistency of the display region and the peripheral
region during the film formation by inkjet printing without
providing a pixel defining layer, can significantly improve
the film thickness uniformity of the display region, and at the
same time facilitate the design requirements of a large size
and a narrow frame. According to some embodiments of the
present disclosure, referring to FIG. 1, the method includes:
[0029] S100: printing an ink in a display region

[0030] In this step, the ink is printed in the display region
of the substrate, in which the ink comprises a light-emitting
layer material, and a solvent capable of dissolving the
light-emitting layer material. After the subsequent drying
treatment, the solvent in the ink volatilizes, and the remain-
ing light-emitting layer material can form a light-emitting
layer, whereby the light-emitting layer can be easily formed
in the display region.

[0031] According to some embodiments of the present
disclosure, the specific type of the substrate is not particu-
larly limited, and those skilled in the art can select them
according to actual needs. For example, according to some
embodiments of the present disclosure, the substrate may be
a glass or a flexible substrate plate. According to some
embodiments of the present disclosure, the specific types of
the light-emitting layer material and the solvent for dissolv-
ing the light-emitting layer material are not particularly
limited, and those skilled in the art can select them according
to actual needs. For example, the solvent may be selected
from the group consisting of aromatic esters, aromatic
hydrocarbons, or any combination thereof.

[0032] According to some embodiments of the present
disclosure, a pixel defining layer is disposed on the sub-
strate. According to some embodiments of the present dis-
closure, a specific forming material of the pixel defining
layer is not particularly limited, and for example, at least a
portion of the surface of the pixel defining layer may be
formed of a hydrophobic material. For example, the material
of the pixel defining layer is selected from an organic
material, an inorganic material, or a combination thereof.
The organic material may include polyimide, PMMA pho-
toresist, polyimide photoresist, silicone photoresist, and the
like. The inorganic material may include an aqueous silica
solution system, a silica alcohol solution system or the like.
[0033] According to some embodiments of the present
disclosure, the specific formation manner of the pixel defin-
ing layer is not particularly limited. For example, the pixel
defining layer may include openings arranged in an array,
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and the orthographic projection of the openings on the
substrate is located within the display region, that is, the
orthographic projection of the pixel defining layer on the
substrate is located within the display region, and printing an
ink in the display region is achieved by printing the ink into
the openings. Thus, the above-described openings can be
used to define pixel structures in the display region so as to
avoid color mixing between different pixel structures. It
should be noted that after the subsequent vacuum drying
treatment, the solvent in the ink printed in the display region
will volatilize, and the remaining light-emitting layer mate-
rial will form a light-emitting layer for light emission.

[0034] S200: printing a solvent in a region other than the
display region
[0035] In this step, the solvent is printed in a region other

than the display region. Thereby, the method can easily
obtain an electroluminescent substrate plate, and the manu-
factured electroluminescent substrate plate can satisfy the
consistency of the drying atmosphere of the display region
and the peripheral region during the film formation by inkjet
printing, can significantly improve the film thickness uni-
formity of the display region, and at the same time facilitate
the design requirements of a large size and a narrow frame.
[0036] In order to facilitate understanding, the principle of
implementing the above technical effects by the method is
described in detail below:

[0037] As described above, at present, the effect of solving
the problem of the consistency of the drying atmosphere
between the light-emitting layer and the peripheral region is
still limited, and a virtual pixel layer (a light-emitting
material left by the ink printed in the virtual pixel area) is
formed. The virtual pixel layer is an ineffective area for light
emission, which is not conducive to the design requirements
of a large size and a narrow frame. According to some
embodiments of the present disclosure, ink (containing a
light-emitting material and a solvent) is printed only in the
display region, and only the same solvent (without a light-
emitting material) as the ink is printed in an region (periph-
eral region) other than the display region. Thus, the method
has at least one of the following advantages: First, in the
subsequent vacuum drying treatment, the solvent is printed
in both the display region and the peripheral region, and thus
the solvent in both the display region and the peripheral
region is simultaneously dried and volatilized. Therefore, it
can be ensured that when drying, the drying atmosphere in
both the display region and the peripheral region is consis-
tent, that is, the consistency of the drying atmosphere of the
display region and the peripheral region is ensured, thereby
avoiding the coffee ring effect, and avoiding the film thick-
ness unevenness of the light-emitting layer (formed by the
light-emitting material) formed after the final drying. Sec-
ondly, only the same solvent as the display region is printed
in the peripheral region, and no light-emitting material is
contained in the peripheral region. In the subsequent drying
treatment, the solvent in the peripheral region is completely
volatilized. Therefore, the light-emitting material is not left
in the peripheral region, and the virtual pixel layer is not
formed. Therefore, it is advantageous for the design of the
narrow frame. Then, since the light-emitting material is not
left in the peripheral region, the area of the solvent printed
in the peripheral region can be made larger than that of the
conventional virtual pixel region, or the area of the solvent
printing in the peripheral region can be extended into the
encapsulating region, thereby further improving the consis-
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tency of the drying atmosphere. Even if the film thickness
unevenness caused by the coffee ring effect occurs during
the drying treatment, the film thickness unevenness only
occurs in the peripheral region, and does not affect the film
formation in the display region, thereby further improving
the uniformity of the film thickness of the display region.
Then, the light-emitting material is not left in the peripheral
region, and it is not necessary to strictly define the boundary
of the region of the above-mentioned solvent for printing
(which can be extended into the encapsulating region), so
that a structure of the peripheral region need not to be
defined, thereby saving the process and further expanding
the actual width of the solvent for printing. In addition,
compared with the original method of designing a virtual
pixel layer, the peripheral region (including the encapsulat-
ing region) of the present disclosure does not need to be
provided with a virtual pixel layer, which is more advanta-
geous for fabricating a uniform thickness of the light-
emitting region when preparing a large-sized substrate plate
and is also advantageous in the design requirements of a
narrow frame. Finally, compared with the original method of
designing a virtual pixel layer, when the pixel defining layer
(for defining the ink printed in the display region) is dis-
posed only in the display region, the peripheral region
(including the encapsulating region) of the present disclo-
sure may not need to be provided with a virtual pixel layer
as described above, and may also not need to provide a pixel
defining layer and an opening structure thereof (for sepa-
rating sub-pixel structures), which is more advantageous for
fabricating a uniform thickness of the light-emitting region
when preparing a large-sized substrate plate and is also
advantageous for the design requirements of a narrow frame.
The method of printing a solvent in a region other than the
display region will be described in detail below:

[0038] According to some embodiments of the present
disclosure, the substrate further includes an encapsulating
region disposed around the display region. According to
some embodiments of the present disclosure, the region
where the solvent is printed is away from a printing bound-
ary on one side of the display region and extends into the
encapsulating region. That is, the orthographic projection of
the region in which the solvent is printed on the substrate
overlaps a region of the encapsulating region. Since the
solvent printed in the region does not contain a light-
emitting material, the solvent for printing does not leave the
light-emitting layer material after volatilization and drying,
and thus does not adversely affect the encapsulation.
Thereby, the width of the region in which the solvent is
printed can be expanded into the encapsulating region,
thereby improving the film thickness uniformity of the ink
jet printing. In other words, since the solvent for printing
volatilizes in the subsequent drying treatment and thus does
not affect the encapsulation, the encapsulating region can be
disposed relatively close to the display region, thereby
achieving a narrow frame of the substrate plate.

[0039] According to some embodiments of the present
disclosure, the encapsulating region is disposed around the
display region, and the display region and the encapsulating
region are separated by a virtual region for receiving the
solvent for printing, that is, a solvent is also printed in the
virtual region. According to an embodiment of the present
disclosure, the specific distance from a boundary of the
region in which the solvent is printed to the encapsulating
region is not particularly limited, and those skilled in the art
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can select it according to actual needs. For example, a
boundary of the region in which the solvent is printed may
coincide with the boundary of the encapsulating region away
from the display region, whereby the performance of the
substrate plate manufactured by the method can be further
improved.

[0040] In order to further improve the encapsulating effect
of the encapsulating region, according to a specific embodi-
ment of the present disclosure, said printing a solvent in a
region other than the display region may further comprise:
printing a solvent in the virtual region, and printing a solvent
added with a tackifier in the encapsulating region. According
to some embodiments of the present disclosure, the order of
printing a solvent in the virtual region, and printing a solvent
added with a tackifier in the encapsulating region is not
particularly limited, and those skilled in the art can select it
according to actual needs. Specifically, when the solvent is
printed in the virtual region and the encapsulating region,
since the solvent for printing does not leave a light-emitting
layer material after the volatilization and drying, the virtual
pixel layer is not formed while the consistency of the drying
atmosphere between the display region and the peripheral
region can be ensured. When the solvent added with the
tackifier is printed in the encapsulating region, the added
adhesive can increase the adhesion between the encapsulat-
ing region and the glass and thus improve the packaging
effect, and at the same time, the solvent in the encapsulating
region is also printed, which enlarges the area of the solvent
for printing and further improves the consistency of the
drying atmosphere between the display region and the
peripheral region. According to some embodiments of the
present disclosure, the specific type of the tackifier is not
particularly limited, and those skilled in the art can select it
according to actual needs. For example, the tackifier may be
selected from one or more of the group consisting of an allyl
glycidyl ether, a glycidyl acrylate, an allyl oxabicyclohep-
tane, an allyl propionate, an allyl butyrate, an allyl valerate,
an allyl isovalerate, an allyl heptanoate, an allyl octanoate
and an allyl citrate.

[0041] The specific manner of printing a solvent in the
virtual region and printing a solvent to which the tackifier is
added in the encapsulating region as described above will be
described in detail below:

[0042] According to some embodiments of the present
disclosure, an orthographic projection of the pixel defining
layer on the substrate overlaps an orthographic projection of
the virtual region on the substrate, and said printing a solvent
in the virtual region comprises printing a solvent on the pixel
defining layer in the virtual region. According to some
embodiments of the present disclosure, an orthographic
projection of the pixel defining layer on the substrate does
not overlap an orthographic projection of the encapsulating
region on the substrate, and said printing a solvent added
with a tackifier in the encapsulating region includes printing
a solvent to which a tackifier is added in the area of the
substrate in the encapsulating region. Thereby, the unifor-
mity of the drying atmosphere between the display region
and the peripheral region can be improved, and the perfor-
mance of the manufactured substrate plate can be further
improved. It should be noted that in the region where the
orthographic projection of the pixel defining layer on the
substrate overlaps the orthographic projection of the virtual
region on the substrate, the opening structure may be the
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same as the pixel defining layer in the display region; or, the
opening structure may not be manufactured, which can
further simplify the process.

[0043] According to some embodiments of the present
disclosure, an orthographic projection of the pixel defining
layer on the substrate does not overlap an orthographic
projection of the virtual region on the substrate, and said
printing a solvent in the virtual region comprises printing a
solvent in an area of the substrate in the virtual region.
According to some embodiments of the present disclosure,
an orthographic projection of the pixel defining layer on the
substrate does not overlap an orthographic projection of the
encapsulating region on the substrate, and said printing a
solvent added with a tackfier in the encapsulating region
comprises printing a solvent to which a tackifier is added in
the area of the substrate in the encapsulating region. There-
fore, a region other than the display region does not need to
be provided with a pixel defining layer and the opening
structure does not need to be formed, so that the drying
atmosphere of the region other than the display region can
be made uniform with the drying atmosphere of the display
region, and the uniformity of the film thickness of the
light-emitting layer can be further improved, which is
advantageous for the design requirements of a large-size and
a narrow-frame.

[0044] In summary, since the light-emitting layer material
is not comprised in the substance printed in the region other
than the display region in this step, the encapsulation is not
affected, and the solvent has a certain hydrophobicity, so that
when the substrate plate is manufactured by the method
according to an embodiment of the present disclosure, the
region other than the display region may have a pixel
defining layer, or only the pixel defining layer may be
disposed within the display region: the solvent printed in the
region other than the display region is only to provide a
consistent drying atmosphere, without strictly limiting the
boundary for printing, and because of the hydrophobic
nature of the solvent itself, there is no need to worry about
the printed solvent that is spreading without boundaries on
the substrate. When a region other than the display region is
provided with a pixel defining layer, the pixel defining layer
in that region does not need to form an opening; of course,
an opening structure may also be formed in the pixel
defining layer of the region other than the display region.
That is to say, according to the manufacture method of the
embodiment of the present disclosure, any improvement in
the step of setting a pixel defining layer in the prior art may
not be performed, and only the printing material for the
inkjet printing may be changed. Thereby, it is advantageous
to carry out production manufacture using an existing pro-
duction line.

[0045] According to some embodiments of the present
disclosure, referring to FIG. 2, the method of manufacturing
an electroluminescent substrate plate further comprises:
[0046] S300: vacuum drying treatment

[0047] In this step, the substrate on which the ink and the
solvent are printed is subjected to a drying treatment in a
vacuum atmosphere to volatilize the solvent, and thus a
light-emitting layer is formed in the display region. Specifi-
cally, taking the substrate provided with a display region, a
virtual region, and an encapsulating region as an example,
before the vacuum drying treatment, referring to (a) in FIG.
5 and (a) in FIG. 6, the display region 110 on the substrate
100 is printed with an ink 10 (including a light-emitting
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layer material and a solvent), only a solvent 20 is printed in
virtual region 120, and a solvent 30 having a tackifier is
printed in encapsulating region 130, wherein the order of the
printing the ink 10, the solvent 20, and the solvent 30 having
a tackifier is not particularly limited, and those skilled in the
art can select them according to actual needs. When the
vacuum drying treatment is performed, the printed solvents
are all volatilized and dried, so that the drying atmosphere
in the display region 110 can be kept consistent with that in
the virtual region 120 and the encapsulating region 130.
After the vacuum drying treatment, referring to (b) in FIG.
5 and (b) in FIG. 6, the remaining light-emitting layer
material in the display region 110 forms a light-emitting
layer 200, and the remaining tackifier in the encapsulating
region 130 forms an auxiliary encapsulating layer 300, while
the solvent in the virtual region 120 volatilizes, and thus the
virtual pixel layer is not formed. Thereby, it is possible to
satisfy the consistency of the drying atmosphere in the
display region and the peripheral region for printing a
solvent without providing a pixel defining layer.

[0048] In summary, the method can easily obtain an elec-
troluminescent substrate plate, and the manufactured elec-
troluminescent substrate plate can satisfy the consistency of
the drying atmosphere of the display region and the periph-
eral region during the film formation by inkjet printing,
without providing a pixel defining layer, can significantly
improve the film thickness uniformity of the display region,
and at the same time is beneficial to the design requirements
of a large size and a narrow frame.

[0049] In another aspect of the present disclosure, the
present disclosure provides an electroluminescent substrate
plate. According to some embodiments of the present dis-
closure, the electroluminescent substrate plate is manufac-
tured by using the methods described above. Thus, all of the
features and advantages of the electroluminescent substrate
plate manufactured by the method described above can be
obtained, and thus will not be described herein. In general,
the electroluminescent substrate plate has at least one of the
following advantages: the manufactured electroluminescent
substrate plate can satisfy the consistency of the drying
atmosphere of the display region and the peripheral region
during the film formation by inkjet printing, can signifi-
cantly improve the film thickness uniformity of the display
region, and at the same time is beneficial to the design
requirements of a large size and a narrow frame.

[0050] In yet another aspect of the present disclosure, the
present disclosure provides an electroluminescent substrate
plate. According to some embodiments of the present dis-
closure, the electroluminescent substrate plate can be an
electroluminescent substrate plate as described above or
manufactured by the method as described above. Thus, all of
the features and advantages of the electroluminescent sub-
strate plate as described above can be obtained, and thus will
not be described herein. According to some embodiments of
the present disclosure, referring to FIG. 3 and FIG. 4, in
which (a) in FIG. 3 and (a) in FIG. 4 are the substrate plates
for inkjet printing before drying, and (b) in FIG. 3 and (b)
in FIG. 4 are the substrate plates formed after drying, the
electroluminescent substrate plate includes a substrate 100
and a light-emitting layer 200. According to some embodi-
ments of the present disclosure, a display region 110 is
defined on the substrate 100. According to some embodi-
ments of the present disclosure, the light-emitting layer 200
is formed of the ink 10. Specifically, the ink 10 includes a
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light-emitting layer material and a solvent capable of dis-
solving the light-emitting layer material, wherein the solvent
in the ink 10 is volatilized in a subsequent vacuum drying
treatment, and the remaining light-emitting layer material
forms a light-emitting layer 200, and the projection of the
region of the light-emitting layer material on the substrate
100 does not coincide with the virtual region 120. According
to some embodiments of the present disclosure, a projection
of a region of the light-emitting layer material on the
substrate 100 is located within the display region 110. That
is, an orthographic area of a region where the light-emitting
layer material is located on the substrate 100 is less than or
equal to an area of the display region 110. Thereby, the
light-emitting layer material is not formed in a region other
than the display region, thereby not forming a virtual pixel
layer, which is advantageous for design requirements of a
large size and a narrow frame.

[0051] FIG. 8 shows a schematic view of the film forma-
tion state of the electroluminescent substrate plates manu-
factured according to the embodiments as described above
and manufactured by ink-jet printing the same ink as the
light-emitting region in the virtual pixel region at the periph-
ery of the light-emitting region. The film formation state
described above was measured using a Bruker Dektak-XT
small step profiler, which is an instrument for measuring film
thickness and morphology. Curve 11in FIG. 8 shows the film
formation state of the electroluminescent substrate plate
manufactured according to the method in the above embodi-
ments, wherein since more solvents are printed at the edge
position and the solvent atmosphere is sufficient, the film
formation in the sub-pixel is good and the film thickness is
relatively uniform. Curve 2 in FIG. 8 shows the film
formation state of the electroluminescent substrate plate
manufactured by ink-jet printing the same ink as the light-
emitting region in the virtual pixel region at the periphery of
the light-emitting region, wherein since the solvent for the
edge protection is relatively insufficient and thus the solvent
volatilizes faster, the solvent protection in the sub-pixel is
weakened, the film formation in the sub-pixel is poor,
resulting in the uniform film thickness.

[0052] According to some embodiments of the present
disclosure, the specific type of the substrate 100 is not
particularly limited, and those skilled in the art can select it
according to actual needs. For example, according to some
embodiments of the present disclosure, the substrate 100
may be glass. According to some embodiments of the
present disclosure, the specific types of the light-emitting
layer material and the solvent have been described in detail
above and will not be described herein.

[0053] According to some embodiments of the present
disclosure, a pixel defining layer (not shown) is disposed on
the substrate 100. According to some embodiments of the
present disclosure, the specific forming material of the pixel
defining layer is not particularly limited, and for example, at
least a portion of the surface of the pixel defining layer may
be formed of a hydrophobic material. According to some
embodiments of the present disclosure, the specific forma-
tion manner of the pixel defining layer is not particularly
limited. For example, the pixel defining layer may include
openings (not shown) arranged in an array, and the ortho-
graphic projection of the openings on the substrate 100 is
located in the display region 110, that is, the orthographic
projection of the openings on the substrate 100 does not
overlap the virtual region 120, and printing the ink in the
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display region 110 is achieved by printing the ink into the
openings. It should be noted that after the subsequent
vacuum drying treatment, the solvent in the ink printed in
the display region 110 will volatilize, and the remaining
light-emitting layer material will form the light-emitting
layer 200 for light emission. Those skilled in the art can
understand that, as described above, the pixel defining layer
located in the virtual region 120 may also have an open
structure.

[0054] According to some embodiments of the present
disclosure, a virtual region 120 is further defined on the
substrate 100, the virtual region 120 is disposed around the
display region 110, the virtual region 120 is configured to
receive a solvent for printing, and the pixel defining layer is
disposed on the substrate 100. Thus, printing a solvent in the
virtual region 120 can achieve the consistency of the drying
atmosphere of the display region 110 and the virtual region
120, keep the vapor pressure at the edge of the display region
110 during the drying treatment equivalent to the vapor
pressure at the center of the display region 110, thereby
further improving the film thickness uniformity of the light-
emitting layer 200.

[0055] According to some embodiments of the present
disclosure, referring to FIG. 5 and FIG. 6, the substrate 100
further includes a encapsulating region 130, the virtual
region 120 is located between the encapsulating region 130
and the display region 110, and the electroluminescent
substrate plate further includes an auxiliary encapsulating
layer 300 disposed in the encapsulating region 130 and
formed of a solvent to which an adhesive is added. Thereby,
the auxiliary encapsulating layer 300 can further improve
the encapsulating effect. Specifically, the solvent 30 to
which the adhesive is added is formed in the encapsulating
region 130 by printing, and during the subsequent vacuum
drying treatment, the solvent is volatilized, and the remain-
ing adhesive forms the auxiliary encapsulating layer 300.
Thereby, the auxiliary encapsulating layer 300 can increase
the adhesion to the glass and improve the encapsulating
effect. According to some embodiments of the present
disclosure, the edge of the auxiliary encapsulating layer 300
away from the side of the display region 110 coincides with
the edge of the encapsulating region 130 away from the side
of the display region 110. Thereby, the frame of the display
device constructed using the electroluminescent substrate
plate can be further narrowed. According to some embodi-
ments of the present disclosure, the specific type of tackifier
is not particularly limited, and those skilled in the art can
select it according to actual needs.

[0056] The specific manner of forming the auxiliary
encapsulating layer 300 by printing a solvent in the virtual
region 120 and printing a solvent added with a tackifier in
the encapsulating region 130 will be described in detail
below:

[0057] According to some embodiments of the present
disclosure, an orthographic projection of the pixel defining
layer on the substrate 100 overlaps an orthographic projec-
tion of the virtual region 120 on the substrate 100, and the
pixel defining layer located in the virtual region 120 is
configured to receive the solvent for printing. According to
some embodiments of the present disclosure, an ortho-
graphic projection of the pixel defining layer on the substrate
100 does not overlap an orthographic projection of the
encapsulating region 130 on the substrate 100, and the
substrate 100 in the encapsulating region 130 is configured
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to receive a solvent with a tackifier for printing. Thereby, the
consistency of the drying atmosphere of the display region
110 and the peripheral region can be improved, and the
performance of the manufactured substrate plate can be
further improved. It should be noted that in the region where
the orthographic projection of the pixel defining layer on the
substrate 100 overlaps the orthographic projection of the
virtual region 120 on the substrate 100, the opening structure
may be the same as the pixel defining layer in the display
region 110; or, the opening structure may not be manufac-
tured, which can further simplify the process.

[0058] According to some embodiments of the present
disclosure, referring to FIG. 5 and FIG. 6, in which (a) in
FIG. 5 and (a) in FIG. 6 are the substrate plates for inkjet
printing before drying, and (b) in FIG. 5 and (b) in FIG. 6
are the substrate plates formed after drying, an orthographic
projection of the pixel defining layer (not shown) on the
substrate 100 does not overlap an orthographic projection of
the virtual region 120 on the substrate 100, and the substrate
100 in the virtual region 120 is configured to receive the
solvent for printing. According to some embodiments of the
present disclosure, an orthographic projection of the pixel
defining layer on the substrate 100 does not overlap an
orthographic projection of the encapsulating region 130 on
the substrate 100, and the area of the substrate 100 in the
encapsulating region 130 is configured to receive a solvent
with a tackifier for printing. Therefore, a region other than
the display region does not need to be provided with a pixel
defining layer and the opening structure does not need to be
formed, so that the drying atmosphere of the region other
than the display region can be made consistent with the
drying atmosphere of the display region, and the uniformity
of the film thickness of the light-emitting layer can be further
improved, which is advantageous for the design require-
ments of a large-size and a narrow-frame.

[0059] According to some embodiments of the present
disclosure, the virtual region 120 is disposed adjacent to the
display region 110 and is reserved for printing the solvent
20, and during the subsequent drying treatment, the solvent
20 is volatilized, and whether the projection of the pixel
defining layer on the substrate 100 has an overlapping region
with the virtual region 110 has no effect on the volatilization
of the solvent 20. Thus, eventually the virtual region 120 in
the electroluminescent substrate plate does not form a pixel
virtual layer. Thereby, printing a solvent in the virtual region
120 can achieve the consistency of the drying atmosphere of
the display region 110 and the virtual region 120, and it is
not necessary to provide a pixel defining layer, thereby
further improving the film thickness uniformity of the light-
emitting layer. The auxiliary encapsulating layer 300 dis-
posed in the encapsulating region 130 is formed by a solvent
30 to which an adhesive is added. During the subsequent
drying treatment, the solvent evaporates and the adhesive
forms the auxiliary encapsulating layer 300. There is no
need to provide a pixel defining layer in the encapsulating
region 130 either. Thereby, the encapsulating effect can be
further improved.

[0060] In sum, the electroluminescent substrate plate has
at least one of the following advantages: the manufactured
electroluminescent substrate plate can satisfy the consis-
tency of the drying atmosphere of the display region and the
peripheral region during the film formation by inkjet print-
ing, can significantly improve the film thickness uniformity
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of the display region, and at the same time is beneficial to the
design requirements of a large size and a nartow frame.
[0061] In still another aspect of the present disclosure, the
present disclosure proposes a display device. According to
some embodiments of the present disclosure, referring to
FIG. 7, the display device 1000 includes the electrolumi-
nescent substrate plate described above. Thus, the display
device 1000 can have all of the features and advantages of
the electroluminescent substrate plate described above,
which are not described herein. In general, the display
device 1000 has at least one of the following advantages: the
display device 1000 can satisfy the consistency of the drying
atmosphere of the display region and the peripheral region
during the film formation by inkjet printing without provid-
ing a pixel defining layer, can significantly improve the film
thickness uniformity of the display region, and at the same
time is beneficial to the design requirements of a large size
and a narrow frame.

[0062] In summary, the present disclosure is capable of
achieving at least one of the following beneficial effects:
[0063] The method of the present disclosure can easily
obtain an electroluminescent substrate plate, and the manu-
factured electroluminescent substrate plate can satisfy the
drying atmosphere consistency of the display region and the
peripheral region during the film formation by inkjet print-
ing without providing a pixel defining layer, can signifi-
cantly improve the film thickness uniformity of the display
region, and at the same time is beneficial to the design
requirements of a large size and a narrow frame.

[0064] Since the light-emitting material is not contained in
the solvent printed in a region other than the display region,
the encapsulation is not adversely affected, whereby the
width of the region of the printed solvent can be expanded,
thereby improving the uniformity of the film thickness
obtained by the inkjet printing.

[0065] The present disclosure can also save a process of
providing an opening in a region of a solvent for printing,
which is advantageous for improving the production effi-
ciency of the substrate plate.

[0066] Printing a solvent in a region other than the display
region of the disclosure can satisfy the consistency of the
drying atmosphere between the display region and the
peripheral region during the film formation by inkjet print-
ing; the added adhesive can increase the adhesion between
the encapsulating region and the glass, and thus improve the
encapsulating effect.

[0067] The present disclosure can also further improve the
performance of the manufactured substrate plate.

[0068] In the present disclosure, a region other than the
display region does not need to be provided with a pixel
defining layer and the opening structure does not need to be
formed, so that the drying atmosphere of the region other
than the display region can be made consistent with the
drying atmosphere of the display region, and the uniformity
of the film thickness of the light-emitting layer can be further
improved.

[0069] According to the present disclosure, it is not nec-
essary to form a pixel defining layer in the encapsulating
region, and the added adhesive can increase the adhesion
between the encapsulating region and the glass, and thus
improve the encapsulating effect.

[0070] The electroluminescent substrate plate of the pres-
ent disclosure may have all of the features and advantages of
the electroluminescent substrate plate manufactured by the
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method described above, which will not be further described
herein. In general, the electroluminescent substrate plate has
at least one of the following advantages: the manufactured
electroluminescent substrate plate can satisfy the consis-
tency of the drying atmosphere of the display region and the
peripheral region during the film formation by inkjet print-
ing, can significantly improve the film thickness uniformity
of the display region, and at the same time is beneficial to the
design requirements of a large size and a narrow frame.

[0071] According to the present disclosure, printing a
solvent in the virtual region can achieve the consistency of
the drying atmosphere of the display region and the virtual
region, keep the vapor pressure at the edge of the display
region during the drying treatment equivalent to the vapor
pressure at the center of the display region, thereby further
improving the film thickness uniformity of the light-emitting
layer.

[0072] According to the present disclosure, the auxiliary
encapsulating layer can further improve the encapsulating
effect.

[0073] In addition, the display device according to the
present disclosure can have all of the features and advan-
tages of the electroluminescent substrate plate described
above, which are not described herein. In general, the
display device has at least one of the following advantages:
the display device can satisfy the consistency of the drying
atmosphere of the display region and the peripheral region
during the film formation by inkjet printing, can signifi-
cantly improve the film thickness uniformity of the display
region, and at the same time is beneficial to the design
requirements of a large size and a narrow frame.

[0074] In the description of the present disclosure, the
orientation or positional relationship of the terms “upper”,
“lower” and the like is based on the orientation or positional
relationship shown in the drawings, and is merely for the
convenience of describing the present disclosure and does
not require that the disclosure must be constructed and
operated in a specific orientation, and therefore cannot to be
construed as limiting the disclosure.

[0075] In the description of the present specification, the
description of the terms “one embodiment”, “another
embodiment” or the like means that the specific features,
structures, materials or characteristics described in connec-
tion with the embodiments are included in at least one
embodiment of the present disclosure. In the present speci-
fication, the schematic representation of the above terms is
not necessarily directed to the same embodiment or
example. Furthermore, the specific features, structures,
materials, or characteristics described may be combined in
a suitable manner in any one or more embodiments or
examples. Further, those skilled in the art can combine the
features of the various embodiments or examples described
in the specification without departing from each other. In
addition, it should be noted that in the present specification,
the terms “first” and “second” are used for descriptive
purposes only, and are not to be construed as indicating or
implying a relative importance or implicitly indicating the
number of technical features indicated.

[0076] While some embodiments of the present disclosure
have been shown and described above, it is understood that
the above-described embodiments are illustrative and are not
to be construed as limiting the scope of the disclosure.
Changes, modifications, alterations and variations of the
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above-described embodiments may be made by those skilled
in the art within the scope of the present disclosure.

1. A method of manufacturing an electroluminescent
substrate plate, wherein the electroluminescent substrate
plate comprises a substrate and a light-emitting layer on the
substrate, and the method comprises:

printing an ink in a display region of the substrate, the ink

comprises a light-emitting layer material, and a solvent
capable of dissolving the light-emitting layer material;
and

printing a solvent in a region other than the display region

of the substrate.

2. The method of claim 1, wherein the substrate further
comprises an encapsulating region configured to surround
the display region, and wherein the region where the solvent
is printed is away from a printing boundary on one side of
the display region and extends into the encapsulating region.

3. The method of claim 1, further comprising disposing a
pixel defining layer comprising openings arranged in an
array on the substrate, and then printing the ink into the
openings; and

an orthographic projection of the openings on the sub-

strate is located within the display region, and the
solvent is printed in an region other than the display
region.

4. The method of claim 2, further comprising disposing a
pixel defining layer comprising openings arranged in an
array on the substrate before printing the ink, and then
printing the ink into the openings; and

an orthographic projection of the openings on the sub-

strate is located within the display region, and the
solvent is printed in an region other than the display
region.

5. The method of claim 4, wherein a virtual region is
further included between the display region and the encap-
sulating region, said printing a solvent further comprising:

printing the solvent in the virtual region; and

printing the solvent added with a tackifier in the encap-

sulating region.

6. The method of claim 5, wherein an orthographic
projection of the pixel defining layer on the substrate over-
laps an orthographic projection of the virtual region on the
substrate, and said printing a solvent in the virtual region
comprises printing the solvent on a pixel defining layer in
the virtual region.

7. The method of claim 5, wherein an orthographic
projection of the pixel defining layer on the substrate does
not overlap an orthographic projection of the virtual region
on the substrate, and said printing a solvent in the virtual
region comprises printing the solvent in the area of the
substrate in the virtual region.

8. The method of claim 5, wherein an orthographic
projection of the pixel defining layer on the substrate does
not overlap an orthographic projection of the encapsulating
region on the substrate, and the solvent added with a
tackifier is printed in the area of the substrate in the
encapsulating region.

9. An electroluminescent substrate plate comprising:

a substrate comprising a display region; and

a light-emitting layer on the substrate, the light-emitting

layer being formed of an ink comprising a light-
emitting layer material, and a solvent capable of dis-
solving the light-emitting layer material,
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wherein an orthographic area of a region where the
light-emitting layer material is located on the substrate
is less than or equal to an area of the display region.

10. The electroluminescent substrate plate of claim 9,
wherein the substrate further comprises a virtual region
surrounding the display region, the virtual region is config-
ured to receive the solvent for printing, and

a pixel defining layer comprising openings arranged in an

array is disposed on the substrate, an orthographic
projection of the openings on the substrate does not
overlap the virtual region, and the light-emitting layer
material is located at the openings.

11. The electroluminescent substrate plate of claim 10,
wherein an orthographic projection of the pixel defining
layer on the substrate overlaps the virtual region, and the
pixel defining layer located in the virtual region is config-
ured to receive the solvent for printing.

12. The electroluminescent substrate plate of claim 10,
wherein an orthographic projection of the pixel defining
layer on the substrate does not overlap the virtual region, and
a region of the substrate located in the virtual region is
configured to receive the solvent for printing.

13. The electroluminescent substrate plate of claim 10,
wherein at least a portion of a surface of the pixel defining
layer is formed of a hydrophobic material.

14. The electroluminescent substrate plate of claim 10,
wherein the substrate further comprises an encapsulating
region, the virtual region is located between the encapsu-
lating region and the display region, the electroluminescent
substrate plate further comprising:

an auxiliary encapsulating layer in the encapsulating
region and formed of the solvent to which an adhesive
is added.

15. The electroluminescent substrate plate of claim 9,
wherein the electroluminescent substrate plate is manufac-
tured by a method comprising the steps of:
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printing the ink in a display region of the substrate; and

printing a solvent in a region other than the display region

of the substrate.

16. The electroluminescent substrate plate of claim 10,
wherein the virtual region does not comprise a light-emitting
layer material.

17. A display device comprising an electroluminescent
substrate plate, wherein the electroluminescent substrate
plate comprises:

a substrate comprising a display region; and

a light-emitting layer on the substrate, the light-emitting

layer is formed of an ink comprising a light-emitting
layer material, and a solvent capable of dissolving the
light-emitting layer material,

wherein an orthographic area of a region where the

light-emitting layer material is located on the substrate
is less than or equal to an area of the display region.

18. The display device of claim 17, wherein the electrolu-
minescent substrate plate is manufactured by a method
comprising the steps of:

printing the ink in a display region of the substrate;

printing a solvent in a region other than the display region

of the substrate.

19. The display device of claim 17, wherein the substrate
further comprises a virtual region surrounding the display
region, the virtual region is configured to receive the solvent
for printing, and

the electroluminescent substrate plate further includes a

pixel defining layer comprising openings arranged in an
array disposed on the substrate, an orthographic pro-
jection of the openings on the substrate does not
overlap the virtual region, and the light-emitting layer
material is located in the openings.

20. The display device of claim 19, wherein an ortho-
graphic projection of the pixel defining layer on the substrate
overlaps the virtual region, and the pixel defining layer
located in the virtual region is configured to receive the
solvent for printing.
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