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(7) ABSTRACT

The embodiments of the present disclosure disclose an
electroluminescent device, a display device and a manufac-
turing method thereof. The electroluminescent device com-
prises: a substrate; a micro light emitting diode unit, con-
figured to emit light of a first color in a first direction; and
an organic light emitting diode unit, configured to emit light
of a second color in the first direction, wherein the micro
light emitting diode unit and the organic light emitting diode
unit are disposed on the substrate in a stack, such that light
of the first color and light of the second color are mixed to
generate mixed light, and the first direction is a direction
towards the substrate or a direction away from the substrate.
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Forming layer of micro LED unit on the substrate,
such that each micro LED unit in this layer emits
light of first color in first direction respectively
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Stacking a layer of organic LED unit on the layer of
S22 micro LED unit, such that each organic LED in this
layer emitg light of corresponding second color in
the first direction respectively, wherein the light
of the first color emitted from each micro LED and
the light with the second color emitted from
corresponding organic LED stacked on the micro LED
mix to generate mixed light, and the first direction
ig a direction towards or away from the substrate
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ELECTROLUMINESCENT DEVICE,
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Chinese
Patent Application No. 2017113285493, filed on Dec. 13,
2017, the disclosure of which is hereby incorporated by
reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to an electrolumi-
nescent device, a display device and a manufacturing
method thereof.

BACKGROUND

[0003] The traditional light emitting diode (LED) is used
as backlight in the display technology. The display technol-
ogy at present has been developed from backlight into a
self-luminescent type including the techniques such as
organic light emitting diode (OLED) and micro light emit-
ting diode (Micro LED). Among them, the Micro LED
technology, i.e., LED scaling-down and matrix technology,
refers to the LED arrays with high-density and micro-size
integrated on one chip. The size of Micro LED is scaled
down to a micron level, and not only each point of pixel can
be controlled by addressing and driven to emit light at single
point, but also there are the advantages including high
brightness, low power consumption, and ultra-high resolu-
tion and color saturation. The OLED is a current-type
device, in which the brightness is determined by the ampli-
tude of current flowing through the OLED.

SUMMARY

[0004] The embodiments of the present disclosure provide
an electroluminescent device, which comprises: a substrate;
a micro light emitting diode unit, configured to emit light of
a first color in a first direction; and an organic light emitting
diode unit, configured to emit light of a second color in the
first direction, wherein, the micro light emitting diode unit
and the organic light emitting diode unit are disposed on the
substrate in a stack, such that the light of the first color and
the light of the second color are mixed to generate mixed
light, and the first direction is a direction towards the
substrate or a direction away from the substrate.

[0005] In some embodiments, the organic light emitting
diode unit is on a side of the micro light emitting diode umt
away from the substrate.

[0006] In some embodiments, the first direction is a direc-
tion toward the substrate, and the light of the second color
emerges through the micro light emitting diode unit and is
mixed with the light of the first color emitted by the micro
light emitting diode unit.

[0007] In some embodiments, the first direction is a direc-
tion away from the substrate, and the light of the first color
emerges through the organic light emitting diode unit and is
mixed with light of the second color emitted by the organic
light emitting diode unit.

[0008] In some embodiments, the substrate is a glass
substrate.
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[0009] In some embodiments, the first color and the sec-
ond color are different, and light of the first color and light
of the second color are mixed to form white light.

[0010] In some embodiments, the first color and the sec-
ond color are the same.

[0011] In some embodiments, the electroluminescent
device further comprises a color filter layer, which is
arranged such that the mixed light is transmitted through the
color filter layer.

[0012] In some embodiments, the color filter layer is
directly formed on the substrate, and the first direction is a
direction toward the substrate.

[0013] In some embodiments, the color filter layer is
formed on a side of the electroluminescent device away
from the substrate, andthe first direction is in a direction
away from the substrate.

[0014] In some embodiments, an electrode among the
electrodes of the micro light emitting diode unit and the
organic light emitting diode unit, which is provided most
upstream in the first direction is a reflective electrode.
[0015] In some embodiments, the micro light emitting
diode unit is on a side of the organic light emitting diode unit
away from the substrate.

[0016] The embodiments of the present disclosure provide
a display device, which comprises the electroluminescent
device according to any one of the aforementioned.

[0017] In some embodiments, in the display device
according to the embodiments of the present disclosure,
three adjacent electroluminescent devices respectively serv-
ing as three sub-pixels of different colors constitute one pixel
unit.

[0018] In some embodiments, in the display device
according to the embodiments of the present disclosure, four
adjacent electroluminescent devices respectively serving as
four sub-pixels of different colors constitute one pixel unit.

[0019] The embodiments of the present disclosure provide
a method of manufacturing a display device, comprising:
forming on a substrate a layer of micro light emitting diode
units and a layer of organic light emitting diode units
arranged in a stack, such that each micro light emitting diode
unit in the layer of micro light emitting diode units respec-
tively emits light of a first color in a first direction, and each
organic light emitting diode unit in the layer of organic light
emitting diode units respectively emits light of a second
color in the first direction, wherein, light of the first color
emitted by each micro light emitting diode and light of the
second color light emitted by a corresponding organic light
emitting diode are mixed to generate mixed light, and the
first direction is a direction towards the substrate or a
direction away from the substrate.

[0020] In some embodiments, forming on a substrate a
layer of micro light emitting diode units and a layer of
organic light emitting diode units arranged in a stack
includes forming a layer of micro light emitting diode units
on the substrate and stacking a layer of organic light emitting
diode units on the layer of micro light emitting diode units.

[0021] In some embodiments, forming on a substrate a
layer of micro light emitting diode units and a layer of
organic light emitting diode units arranged in a stack
includes forming a layer of organic light emitting diode units
on the substrate and stacking a layer of micro light emitting
diode units on the layer of organic light emitting diode units.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The features, advantages, as well as technical and
industrial significances of exemplary embodiments of the
present disclosure will be described below with reference to
the accompanying drawings, in which the same reference
signs refer to the same elements, and in which:

[0023] FIG. 1 is a schematic view of the structure of the
electroluminescent device according to one or more embodi-
ments of the present disclosure;

[0024] FIG. 2 is a schematic view of the structure of the
display device according to one or more embodiments of the
present disclosure;

[0025] FIG. 3 is a schematic view of the structure of the
display device according to one or more embodiments of the
present disclosure; and

[0026] FIG. 4 is a schematic view of the method of
manufacturing the display device according to one or more
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0027] A detailed description of the embodiments of the
present disclosure will be further made in detail below in
combination with the accompanying drawings and the spe-
cific embodiments, but will not serve as a delimitation on the
present disclosure. It is to be noted that, in the present
document, the technical term “electroluminescent device”
used refers to a composite electroluminescent device in
which a micro light emitting diode unit and an organic light
emitting diode unit are compounded as described in various
arrangements below.

[0028] As shown in FIG. 1, the present disclosure dis-
closes an electroluminescent device, which comprises: a
substrate 13; a micro light emitting diode unit 101 provided
on the substrate 13 and configured to emit light of a first
color in a first direction; and an organic light emitting diode
unit 102 stacked on the micro light emitting diode unit 101
and configured to emit light of a second color in the first
direction, wherein light of the first color and light of the
second color are mixed to generate mixed light, and the first
direction is a direction towards the substrate or a direction
away from the substrate. In some embodiments, when the
first direction is a direction toward the substrate, light of the
second color emerges through the micro light emitting diode
unit 101 and is mixed with light of the first color emitted by
the micro light emitting diode unit 101. In some further
embodiments, when the first direction is a direction away
from the substrate, light of the first color emerges through
the organic light emitting diode unit 102 and is mixed with
light of the second color emitted by the organic light
emitting diode unit 102. The micro light emitting diode unit
101 and the organic light emitting diode unit 102 have
conventional structures in the technical filed of the LED
display, and the exemplary structures of them are given
below in combination with FIG. 1. It is to be appreciated
that, the structures of them are not limited thereto, and the
structures of them that can be known by those skilled in the
art are covered in the present disclosure, as long as in the
electroluminescent device formed by compounding them,
they emit light of a first color and a second color in the same
direction respectively, and the emergent light of the first
color and light of the second color can be adequately mixed.
[0029] In the above embodiments of the present disclo-
sure, the organic light emitting diode unit 102 is stacked on
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the micro light emitting diode unit 101, i.e., the organic light
emitting diode unit 102 is on a side of the micro light
emitting diode unit 101 away from the substrate 13. How-
ever, in one or more embodiments of the present disclosure,
the micro light emitting diode unit 101 is stacked on the
organic light emitting diode unit 102, i.e., the micro light
emitting diode unit is on a side of the organic light emitting
diode unit away from the substrate. In other words, the
stacking sequence of the micro light emitting diode unit 101
and the organic light emitting diode unit 102 may be
interchanged. Generally, in the present disclosure, the micro
light emitting diode unit 101 and the organic light emitting
diode unit 102 are disposed on the substrate in a stack, such
that light of the first color and light of the second color are
mixed to generate mixed light.

[0030] Various ways can be used to cause the micro light
emitting diode unit 101 and the organic light emitting diode
unit 102 to emit light of various colors.

[0031] Taking the micro light emitting diode unit 101 as
example, the micro light emitting diode unit 101 (Micro
LED) may include a light emitting layer 3. The light emitting
layer 3 is adapted to emit light of a first color. In one or more
embodiments, the light emitting layer 3 may be mixed with
a first light emitting material adapted to emit light of a first
color. For example, the light emitting layer 3 may be a
fluorescent layer, in which a fluorescent material serves as a
first light emitting material and can emit light of a first color
under the excitation of excitation light. The configuration of
the light emitting layer 3 is not limited to this. In one or more
embodiments, the light emitting layer 3 may be a quantum
well layer that can be excited to emit light of a first color. In
the quantum well layer, a single well or a plurality of wells
may be provided so as to emit light of a desired color. Taking
a plurality of wells as example, light of a desired color,
which cannot be obtained by a single well, may be obtained
by mixing light of various colors emitted from the respective
wells.

[0032] The organic light emitting diode unit 102 includes
a light emitting layer 9, which is adapted to emit light of the
same or different colors with respect to the light emitting
layer 3. In one or more embodiments, the light emitting layer
9 contains a second light emitting material. The second light
emitting material is adapted to emit light of the same or
different colors with respect to the first light emitting mate-
rial. By disposing the micro light emitting diode unit 101
and the organic light emitting diode unit 102 in a stack, the
light emitting layer 3 cooperates with the light emitting layer
9 to emit light together. The brightness of the electrolumi-
nescent device may increase and the power consumption
may decrease with respect to a separate micro light emitting
diode or organic light emitting diode. Further, the blue
spectral component of the light emitted by the micro organic
light emitting diode 101 can beneficially complement the
weak blue light of the light emitted by the organic light
emitting diode unit 102.

[0033] The micro light emitting diode unit 101 and the
organic light emitting diode unit 102 may employ a suitable
arrangement of a bottom emission type or a top emission
type. In the bottom emission type of the micro light emitting
diode unit 101 and the organic light emitting diode unit 102,
the first direction is a direction toward the substrate, and the
light of the first color emitted by the micro light emitting
diode unit 101 and the light of the second color emitted by
the organic light emitting diode unit 102 emerge through the
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substrate and are mixed. At this time, the substrate is a
transparent glass substrate. In the top emission type of the
micro light emitting diode unit 101 and the organic light
emitting diode unit 102, the first direction is a direction away
from the substrate, and the light of the first color emitted by
the micro light emitting diode unit 101 and the light of the
second color emitted by the organic light emitting diode unit
102 emerge and are mixed on a side away from the substrate.
These two light emission manners may also be respectively
referred to as the “bottom emission” type and “top emission”
type of the electroluminescent device itself. In a “bottom
emission” type electroluminescent device, the emitted light
can emerge only partially from the opening provided in the
drive panel (including a plurality of thin film transistors), so
that considerable light emission is wasted and the aperture
opening ratio is low. In a “top emission” type electrolumi-
nescent device, light emerges from the top portion without
being affected by thin film transistors on the drive panel, and
the aperture opening ratio is relatively high.

[0034] The structure of the “bottom emission™ electrolu-
minescent device will be described below as an example.
[0035] As shown in FIG. 1, as an example, the micro light
emitting diode unit 101 is a p-n junction diode manufactured
on a substrate (also referred to as a backplate) 13 prepared
with a thin film transistor, a pixel defining layer, and the like.
In one or more embodiments, the micro light emitting diode
unit 101 includes a first bottom electrode 1, a p-doped layer
2, a light emitting layer 3, an n-doped layer 4, and a first top
electrode 5 that are sequentially stacked. The light emitting
layer 3 is located between the p-doped layer 2 and the
n-doped layer 4, and the first bottom electrode 1 is a
transparent electrode. For example, the first top electrode 5
may be a transparent electrode. In one or more embodi-
ments, the first top electrode 5 may be made of metals such
as Mg and Ag as well as alloys. In the processing flow, the
n-doped layer 4 may also be provided with a patterned
masking layer (not shown in the figure), for manufacturing
a diode structure thereon, and the masking layer is removed
after the diode structure is manufactured.

[0036] The substrate 13 is disposed under the first bottom
electrode 1 of the micro light emitting diode unit 101. The
material of the substrate 13 may be glass or a silicon wafer.
In the present example, the substrate 13 may be a glass
substrate in order to allow light to be emitted in the direction
toward the substrate and emerge through the substrate
toward the lower side of the substrate. The substrate 13 can
also be flexible as desired, so that the electroluminescent
device and the corresponding display device obtained may
be flexible. This flexible feature fully expands its range of
application and gives users new sensory enjoyment in light-
ing and display.

[0037] After that, the organic light emitting diode unit 102
(LED) may be stacked on the micro light emitting diode unit
101. In one or more embodiments, the organic light emitting
diode unit 102 includes a second bottom electrode 6, a hole
injection layer 7, a hole transport layer 8, a light emitting
layer 9, an electron transport layer 10, an electron injection
layer 11 and a second top electrode 12 sequentially stacked.
In one or more embodiments, an indium tin oxide (ITO)
layer may be manufactured on the prepared first top elec-
trode 5 using, for example, a sputtering method, and the ITO
layer serves as the second bottom electrode 6. The light
emitting layer 9 is located between the hole transport layer
8 and the electron transport layer 10. Each layer of the
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OLED 102 may be formed by a method of vacuum evapo-
ration or inkjet printing. It is to be noted that the organic
light emitting diode unit 102 (LED) adopts a bottom emis-
sion structure, that is, the second top electrode 12 serves as
a cathode, and the second bottom electrode 6 is a transparent
ITO layer. Thus, the light emitted from the light emitting
layer 9 can sequentially transmit through the hole transport
layer 8, the hole injection layer 7, and the transparent second
bottom electrode 6 in the direction toward the substrate and
emerge toward the lower side of the substrate 13. In view
that the first top electrode 5 and the first bottom electrode 1
in the micro light emitting diode unit 101 are both trans-
parent electrodes, the emergent light of the organic light
emitting diode unit 102 (LED) as a whole in the direction
toward the substrate 13 may also continue to sequentially
transmit through the transparent first top electrode 5, the
n-doped layer 4, the light emitting layer 3, the p-doped layer
2, and the transparent first bottom electrode 1 of the micro
light emitting diode unit 101 and emerge toward the lower
side of the substrate 13. In addition, in the micro light
emitting diode unit 101, the light emitted from the light
emitting layer 3 can also sequentially transmit through the
p-doped layer 2 and the transparent first bottom electrode 1
in the direction toward the substrate 13 and emerge toward
the lower side of the substrate 13. Therefore, both the light
emitted from the light emitting layer 9 and the light emitted
from the light emitting layer 3 can transmit through the
substrate 13 in the direction toward the substrate 13 and
emerge toward the lower side thereof and can be mixed, to
obtain light of a desired color.

[0038] In addition, as discussed above, in some embodi-
ments, the micro light emitting diode unit 101 is stacked on
the organic light emitting diode unit 102, and similar tech-
nical effects are obtained.

[0039] The structure of the “bottom emission” type elec-
troluminescent device has been exemplified above, and
those skilled in the art can obtain the corresponding structure
of the “top emission” type electroluminescent device based
on its understanding and the disclosed content of the present
disclosure, which will not be repeated here. It is to be noted
that the reflective electrode cannot be disposed between the
micro light emitting diode unit 101 and the organic light
emitting diode unit 102 so as not to hinder the light trans-
mission. In one or more embodiments, the reflective elec-
trode may be disposed on a side of the electroluminescent
device that is opposite to the light emission direction. That
is, an electrode among the electrodes of the micro light
emitting diode unit 101 and the organic light emitting diode
102, which is provided most upstream in the first direction
may serve as a reflective electrode. For example, when the
electroluminescent device adopts a top emission type, the
first bottom electrode 1 located at the bottom of the entire
electroluminescent device may be a reflective electrode. For
example, when the electroluminescent device uses a bottom
emission type, the second top electrode 12 located on top of
the entire electroluminescent device may be a reflective
electrode. By providing the reflective electrode, the light
traveling in the light emission direction of the device may be
reflected to the light reflection direction, thereby improving
the utilization rate of the emitted light, and improving the
brightness of the light emission and so on.

[0040] In one or more embodiments, the colors of light
emitted from the light emitting layer 3 and the light emitting
layer 9 may be different. In one or more embodiments, light
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emitted from the light emitting layer 3 and the light emitting
layer 9 are mixed to form white light to serve as a white
sub-pixel. Such electroluminescent device may be used
directly for making a lighting product, for example. Fur-
thermore, by adjusting the spectrum of the light emitted by
the light emitting layer 3 and the light emitting layer 9 (for
example, by adjusting the first light emitting material and the
second light emitting material), a lighting product having a
greater color rendering index may be manufactured.
[0041] There may be a plurality of variations to the
embodiments of the electroluminescent device, which will
be described below, in an illustrative instead of an exhaus-
tive manner.

[0042] Further, on the basis of the electroluminescent
device of the above embodiments, the electroluminescent
device may further include a color filter layer (not shown in
FIG. 1), and the electroluminescent device may be made to
serve as a sub-pixel of a corresponding color by providing
a color filter layer of different colors, i.e. the color of the
color filter layer determines the color of the sub-pixels of the
electroluminescent device.

[0043] In one embodiment, the light emitted from the first
light emitting material mix ed in the light emitting layer 3
and the second light emitting material contained in the light
emitting layer 9 are mixed to form white light. Specifically,
as an example, the first light emitting material mixed in the
light emitting layer 3 of the electroluminescent device is a
blue light material, and the second light emitting material
contained in the light emitting layer 9 is a red light material
or a yellow light material. The blue light material mixed in
the light emitting layer 3 may be, for example, an anthracene
derivative blue light material (for example, 2-(4-t-butylphe-
nyl)-5-(4-(2-(9,10-bis(a-naphthyl ~ group))  anthracene)
biphenyl)-1,3,4-oxadiazole (0-ADN-2-PBD) or a fluorene
derivative blue light material. As another example, the light
emitting layer 3 may use a quantum well layer (gallium
nitride, indium gallium nitride, and zinc selenide) to emit
blue light. In addition, examples in which the light emitting
layer 3 includes the first light emitting material and the
quantum well layer may be combined with each other. The
red light material contained in the light emitting layer 9 may
be, a red light dye such as 4-dicyanomethyl-2-methyl-6-(p-
dimethylaminostyrene) H-pyran (DCM), CaxSi5SN2:Eu2+,
SrxSiSN2:Eu2+ or BaxSiSN2, and the vellow material con-
tained in the light emitting layer 9 may be a yellow dye such
as rubrene. The various color materials above are merely
examples, and as a matter of fact, various light emitting
materials may be applied. Various light emitting dyes that a
re newly developed after the present disclosure are also
applicable to this disclosure.

[0044] Blue light is emitted by adding a blue light material
into the light emitting layer 3 of the micro light emitting
diode unit 101 and/or using a quantum well layer made of
gallium nitride, indium gallium nitride, zinc selenide, or the
like in the micro light emitting diode unit 101, so that the
electroluminescent device as a whole can emit strong blue
light. Therefore, the electroluminescent device can comple-
ment the blue light emitted by the organic light emitting
diode as a whole, thereby increasing the color gamut of the
electroluminescent device within the blue light spectrum.
[0045] In addition, in one or more embodiments, the
colors of the light emitted by the light emitting layer 3 and
the light emitting layer 9 may also be the same so that the
electroluminescent device is used as a sub-pixel of a corre-
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sponding color. For example, the first light emitting material
mixed in the light emitting layer 3 and the second light
emitting material contained in the light emitting layer 9 are
both blue light materials, so that the electroluminescent
device can be used as a blue light sub-pixel. The first light
emitting material mixed in the light emitting layer 3 and the
second light emitting material contained in the light emitting
layer 9 may also be both red light materials, so that the
electroluminescent device can be used as a red light sub-
pixel. The first light emitting material mixed in the light
emitting layer 3 and the second light emitting material
contained in the light emitting layer 9 may also be both
green light materials, so that the electroluminescent device
canbe used as a green light sub-pixel. For example, a silicate
or aluminate may be mixed in the light emitting layer 3, and
coumarin may be contained in the light emitting layer 9.

[0046] The present disclosure also discloses a display
device which comprises the electroluminescent device in the
above embodiments. Since the electroluminescent device
described above can emit light, it may be applied to a
lighting product. As the electroluminescent device described
above has a great brightness, the lighting product using the
electroluminescent device also has a great brightness and
low power consumption.

[0047] As shown in FIG. 2, a display device according to
one or more embodiments of the present disclosure is also
disclosed, which comprises the electroluminescent device in
the aforementioned embodiments. Among them, four adja-
cent electroluminescent devices 201-204 serving as four-
color sub-pixels constitute a pixel unit, or three adjacent
electroluminescent devices 201-203 serving as three-color
sub-pixels constitute a pixel unit.

[0048] As shown in FIG. 2, in one or more embodiments,
the display device is constituted by a pixel unit 200. In one
embodiment, the pixel unit 200 may be constituted by three
electroluminescent devices. Specifically, the electrolumines-
cent device in which the micro light emitting diode 101 and
the organic light emitting diode 102 emit light of the same
color is used to constitute a pixel unit 200. The pixel unit 200
includes a red light sub-pixel 201, a blue light sub-pixel 202,
and a green light sub-pixel 203. Among them, as an
example, the first light emitting material mixed in the light
emitting layer 3 and the second light emitting material
contained in the light emitting layer 9 of the electrolumi-
nescent device as the red light sub-pixel 201 are both red
light materials. In addition, the first light emitting material
mixed in the light emitting layer 3 and the second light
emitting material included in the light emitting layer 9 of the
electroluminescent device as the blue light sub-pixel 202 are
both blue light materials. In addition, the first light emitting
material mixed in the light emitting layer 3 and the second
light emitting material contained in the light emitting layer
9 of the electroluminescent device as the green light sub-
pixel 203 are both green light materials. Therefore, the pixel
unit 200 may be constituted using three electroluminescent
devices, and the display of the display device may be
controlled by adjusting the three electroluminescent devices
contained in the pixel unit 200. As a variation of the present
embodiment, the display device includes a pixel unit 200
consisting of four electroluminescent devices, and in addi-
tion to a red light sub-pixel 201, a blue light sub-pixel 202,
and a green light sub-pixel 203, the pixel unit further
includes a fourth sub-pixel 204. The pixel 204 may be for
example a white light sub-pixel or other monochromatic
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sub-pixels. In this case, the fourth sub-pixel 204 may be
formed by mixing the light emitted from the micro light
emitting diode 101 and the organic light emitting diode 102.
By adding the fourth sub-pixel 204, on the one hand, the
overall brightness of the electroluminescent device can be
increased. On the other hand, the color light required to be
displayed can also be added as needed, thereby increasing
the color gamut and making the display panel more colorful
and richer in color development. When the fourth sub-pixel
204 can be set as a white light sub-pixel as needed, the white
light sub-pixel 204 can be configured by arranging the
corresponding micro light emitting diode 101 and the
organic light emitting diode 102 to mix light emitted from
them to form white light.

[0049] The present disclosure also discloses a display
device, as shown in FIG. 3, which comprises a plurality of
the aforementioned electroluminescent devices and a color
filter layer 103.

[0050] In a plurality of the aforementioned electrolumi-
nescent devices, the micro light emitting diode 101 and the
organic light emitting diode 102 emit light of different
colors, which is mixed to form white light.

[0051] The color filter layer 103 allows the white light
emitting from the electroluminescent device as a whole to
emerge through the color filter layer 103, so as to generate
light of a corresponding color. With different arrangements
of the electroluminescent devices, the color filter layer 103
is also formed differently. Specifically, in the case where the
light of the first color emitted by the micro light emitting
diode unit 101 and the light of the second color emitted by
the organic light emitting diode unit 102 emerge through the
glass substrate and are mixed, the color filter layer 103 is
formed directly on the substrate 13, i.e., between the micro
light emitting diode unit 101/the organic light emitting diode
unit 102 and the substrate 13, so that the electroluminescent
device is used as a sub-pixel of a corresponding color. In
contrast, in the case where the light of the first color emitted
by the micro light emitting diode unit 101 and the light of the
second color emitted by the organic light emitting diode unit
102 emerge on the side away from the substrate 13 (i.e.,
emerging without through the substrate 13), the color filter
layer 103 is formed on the side of the entire electrolumi-
nescent device away from the substrate 13 so that the
electroluminescent device is used as a sub-pixel of a corre-
sponding color. As shown in FIG. 3, in the embodiment in
which the organic light emitting diode unit 102 is stacked on
the micro light emitting diode unit 101, the color filter layer
103 is formed on the side of the organic light emitting diode
unit 102 away from the substrate 13. Similarly, in the
embodiment in which the micro light emitting diode unit
101 is stacked on the organic light emitting diode unit 102,
the color filter layer 103 is formed on the side of the micro
light emitting diode unit 101 away from the substrate 13.
[0052] As shown in FIG. 3, in one or more embodiments,
the display device includes a plurality of pixel cells, each of
which is constituted by three electroluminescent devices.
Specifically, the electroluminescent device in which the light
emitted by the micro light emitting diode 101 and the light
emitted by the organic light emitting diode 102 have differ-
ent colors and are mixed to form white light is used to
constitute a pixel unit. By providing the color filter layer 103
on the electroluminescent device, red light, green light, and
blue light can be finally emerged. Therefore, the problem of
insufficient blue light generated by an individual organic
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light emitting diode can be solved. By respectively control-
ling the three electroluminescent devices, the overall display
of the display device may be controlled.

[0053] As a variation of the present embodiment, the
display device includes four such electroluminescent
devices so as to constitute each pixel unit. Three of the
electroluminescent devices may be provided with a color
filter layer 103 to emit red light, green light, and blue light
respectively, and the display of the display device may be
controlled by adjusting the three electroluminescent devices.
The fourth electroluminescent device may not be provided
with a color filter layer 103, or may be provided with a color
filter layer 103 capable of emitting white light so that the
brightness of the entire pixel unit can be increased. In
addition, the color filter layer 103 disposed on the fourth
electroluminescent device may also emerge light of other
colors, so that the entire pixel unit has more abundant colors.
By adjusting and equalizing the first light emitting material
mixed in the light emitting layer 3 and the second light
emitting material contained in the light emitting layer 9 in
the fourth electroluminescent device as required, the fourth
electroluminescent device is caused to emit color light, for
example purple light, other than three primary colors such as
RGB. Therefore, the spectrum of the white light emitted by
the first to third electroluminescent devices is expanded, so
that the light color of the entire electroluminescent device is
more abundant, the color gamut is enlarged, and the color
rendering index is increased.

[0054] The present disclosure further discloses a method
of manufacturing a display device, comprising:

[0055] forming on a substrate a layer of micro light
emitting diode units and a layer of organic light emitting
diode units arranged in a stack, such that each micro light
emitting diode unit in the layer of micro light emitting diode
units respectively emits light of a first color in a first
direction, and each organic light emitting diode unit in the
layer of organic light emitting diode units respectively emits
light of a second color in the first direction, wherein the light
of the first color emitted by each micro light emitting diode
and the light of the second color light emitted by a corre-
sponding organic light emitting diode are mixed to generate
mixed light, and the first direction is a direction towards the
substrate or a direction away from the substrate.

[0056] Specifically, in combination with FIGS. 1 and 4, for
the embodiment in which the layer of the organic light
emitting diode unit 102 is stacked on the layers of the micro
light emitting diode unit 101, the method of manufacturing
a display device according to the present disclosure, com-
prises:

[0057] step S1: forming a layer of micro light emitting
diode units, such that each micro light emitting diode unit in
the layer of micro light emitting diode units respectively
emits light of a first color in a first direction; and

[0058] step S2: forming on a layer of micro light emitting
diode units stacked on the layer of organic light emitting
diode units, such that each organic light emitting diode umt
in the layer of organic light emitting diode units respectively
emits light of a second color in the first direction, wherein
the light of the first color emitted by each micro light
emitting diode is mixed with the light of a second color
emitted by a corresponding organic light emitting diode
stacked on the micro light emitting diode, to generate mixed
light, and the first direction is a direction towards the
substrate or a direction away from the substrate.
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[0059] In other words, in the aforementioned embodi-
ments, forming on a substrate a layer of micro light emitting
diode units and a layer of organic light emitting diode units
arranged in a stack includes forming a layer of micro light
emitting diode units on the substrate and stacking a layer of
organic light emitting diode units on the layer of micro light
emitting diode units. In some embodiments, when the first
direction is a direction toward the substrate, the light of the
second color emerges through the layer of the micro light
emitting diode unit and is mixed with the light of the first
color emitted by the layer of the micro light emitting diode
unit. In some further embodiments, when the first direction
is a direction away from the substrate, the light of the first
color emerges through the layer of the organic light emitting
diode unit and is mixed with the light of the second color
emitted by the layer of the organic light emitting diode unit.
[0060] Further, for the embodiment in which the layer of
the micro light emitting diode unit 101 is stacked on the
layer of the organic light emitting diode unit 102, forming on
a substrate a layer of micro light emitting diode units and a
layer of organic light emitting diode units arranged in a stack
includes: forming a layer of organic light emitting diode
units on the substrate and stacking a layer of micro light
emitting diode units on the layer of organic light emitting
diode units. In some embodiments, when the first direction
is a direction towards the substrate, the light of the first color
emerges through the layer of the organic light emitting diode
unit and is mixed with the light of the second color emitted
by the layer of the organic light emitting diode unit. In some
further embodiments, when the first direction is a direction
away from the substrate, the light of the second color
emerges through the layer of the micro light emitting diode
unit and is mixed with the light of the first color emitted by
the layer of the micro light emitting diode unit.

[0061] Depending on different display devices required,
there are differences in the manufacturing method. For
example, when the micro light emitting diode 101 and the
organic light emitting diode 102 mix the light of two colors
to obtain white light, a plurality of electroluminescent
devices are used as pixel units. At this time, the pixel units
all emit white light, and the manufactured display device
may be used as a lighting product. The selection of the
corresponding first light emitting material and the selection
of the second light emitting material may refer to the
description of the electroluminescent device capable of
emitting white light, and thus will not be repeated here.
[0062] When a color display device needs to be manufac-
tured, it may be manufactured by using the following
procedure: by configuring the micro light emitting diode 101
and the organic light emitting diode 102, the electrolumi-
nescent device can emit white light as a whole; then, a
corresponding color filter layer 103 is cooperatively
arranged on each electroluminescent device, so as to enable
each electroluminescent device to emerge red, blue, or green
light as required respectively, and serve as red light sub-
pixel, blue light sub-pixel, or green light sub-pixel. Thus, the
red light sub-pixel, the green light sub-pixel, and the green
light sub-pixel may serve as one group of pixel units.
[0063] When a color display device needs to be manufac-
tured, it may also be manufactured by using the following
procedure: by providing the micro light emitting diode 101
and the organic light emitting diode 102 so that both of them
can emit the same color light, there is no need for a color
film, and the electroluminescent device itself can emit red,
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blue or green light. Accordingly, the electronic light emitting
device capable of emitting red light itself serves as a
sub-pixel of red light, the electronic light emitting device
capable of emitting blue light itself serves as a sub-pixel of
blue light, the electroluminescent device capable of emitting
green light itself serves as a sub-pixel of green light, and
such three electroluminescent devices may serve as one
group of pixel units. Of course, if it is necessary to increase
the color gamut of the display device, an electroluminescent
device capable of emitting light of other colors may be
added as a fourth sub-pixel, which, together with the afore-
mentioned three electroluminescent devices, serve as one
group of pixel units, to manufacture the display device.
Therefore, the manufactured display device has a wide white
spectrum, thereby increasing the color gamut.

[0064] The above embodiments which are merely exem-
plary embodiments of the present disclosure and are not
intended to limit the present disclosure. The protection scope
of the present disclosure is defined by the claims. Those
skilled in the art may make various modifications or equiva-
lent substitutions to the present disclosure within the sub-
stance and scope of the present disclosure, and such modi-
fications or equivalent replacements should also be
considered to fall within the protection scope of the present
disclosure.

What is claimed is:

1. An electroluminescent device, comprising:

a substrate;

a micro light emitting diode unit, configured to emit light

of a first color in a first direction; and

an organic light emitting diode unit, configured to emit

light of a second color in the first direction,

wherein the micro light emitting diode unit and the

organic light emitting diode unit are disposed on the
substrate in a stack, such that the light of the first color
and the light of the second color are mixed to generate
mixed light, and,

the first direction is a direction towards the substrate or a

direction away from the substrate.

2. The electroluminescent device according to claim 1,
wherein

the organic light emitting diode unit is on a side of the

micro light emitting diode unit away from the substrate.

3. The electroluminescent device according to claim 2,
wherein

the first direction is a direction toward the substrate, and

the light of the second color emerges through the micro
light emitting diode unit and is mixed with the light of
the first color emitted by the micro light emitting diode
unit.

4. The electroluminescent device according to claim 2,
wherein

the first direction is a direction away from the substrate,

and the light of the first color emerges through the
organic light emitting diode unit and is mixed with the
light of the second color emitted by the organic light
emitting diode unit.

5. The electroluminescent device according to claim 3,
wherein the substrate is a glass substrate.

6. The electroluminescent device according to claim 1,
wherein the first color and the second color are different, and
the light of the first color and the light of the second color
are mixed to form white light.
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7. The electroluminescent device according to claim 1,
wherein the first color and the second color are the same.

8. The electroluminescent device according to claim 6,
wherein the electroluminescent device further comprises a
color filter layer, which is arranged such that the mixed light
is transmitted through the color filter layer.

9. The electroluminescent device according to claim 8,
wherein the first direction is a direction toward the substrate,
and the color filter layer is directly located on the substrate.

10. The electroluminescent device according to claim 8,
wherein the first direction is a direction away from the
substrate, and the color filter layer is located on a side of the
electroluminescent device away from the substrate.

11. The electroluminescent device according to claim 1,
wherein an electrode among electrodes of the micro light
emitting diode unit and the organic light emitting diode unit,
which is provided most upstream in the first direction, is a
reflective electrode.

12. The electroluminescent device according to claim 1,
wherein the micro light emitting diode unit is on a side of the
organic light emitting diode unit away from the substrate.

13. A display device, wherein the display device com-
prises an electroluminescent device, the electroluminescent
device comprising:

a substrate;

a micro light emitting diode unit, configured to emit light

of a first color in a first direction; and

an organic light emitting diode unit, configured to emit

light of a second color in the first direction,

wherein, the micro light emitting diode unit and the

organic light emitting diode unit are disposed on the
substrate in a stack with each other, such that the light
of the first color and the light of the second color are
mixed to generate mixed light, and

the first direction is a direction towards the substrate or a

direction away from the substrate.

14. The display device of claim 13, wherein three adjacent
electroluminescent devices respectively serving as three
sub-pixels of different colors constitute one pixel unit.

15. The display device of claim 13, wherein four adjacent
electroluminescent devices respectively serving as four sub-
pixels of different colors constitute one pixel unit.
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16. The display device of claim 13, wherein the organic
light emitting diode unit is on a side of the micro light
emitting diode unit away from the substrate.

17. The display device of claim 13, wherein the micro
light emitting diode unit is on a side of the organic light
emitting diode unit away from the substrate.

18. A method of manufacturing a display device, com-
prising:

forming on a substrate a layer of micro light emitting
diode units and a layer of organic light emitting diode
units arranged in a stack, such that each micro light
emitting diode unit in the layer of micro light emitting
diode units respectively emits light of a first color in a
first direction, and each organic light emitting diode
unit in the layer of organic light emitting diode units
respectively emits light of a second color in the first
direction,

wherein, the light of the first color emitted by each micro
light emitting diode and the light of the second color
light emitted by a corresponding organic light emitting
diode are mixed to generate mixed light, and

the first direction is a direction towards the substrate or a
direction away from the substrate.

19. The method of manufacturing the display device
according to claim 18, wherein forming on a substrate a
layer of micro light emitting diode units and a layer of
organic light emitting diode units arranged in a stack
includes forming the layer of micro light emitting diode
units on the substrate and stacking the layer of organic light
emitting diode units on the layer of micro light emitting
diode units.

20. The method of manufacturing the display device
according to claim 18, wherein forming on a substrate a
layer of micro light emitting diode units and a layer of
organic light emitting diode units arranged in a stack
includes forming the layer of organic light emitting diode
units on the substrate and stacking the layer of micro light
emitting diode units on the layer of organic light emitting
diode units.
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