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DISPLAY DEVICE AND ELECTRONICS
APPARATUS

FIELD OF THE INVENTION

[0001] The present invention relates to the field of LED
display device, and more specifically, to a display device and
an electronics apparatus.

BACKGROUND OF THE INVENTION

[0002] The micro-LED technology refers to the LED array
of small size integrated on a substrate with high density.
Currently, the micro-LED technology is starting develop-
ment, and it is expected in the industry that a high-quality
micro-LED product comes into the market. High-quality
micro-LEDs will have a deep affection on the conventional
display products such as LCD/OLED that have already been
put into the market. The micro-LEDs include inorganic
Light Emitting Diodes and organic Light Emitting Diodes.
[0003] A micro-LED display device is a device with
micro-LED array. Currently, a high quality micro-LED
display device has encountered manufacturing difficulty in
high resolution display.

[0004] Quantum dots (QD) LED is considered as a next
generation display technology. Generally, there are two
types of QD LED, which are an electroluminescent quan-
tum-dot LED and a photoluminescent quantum-dot LED.
[0005] A display device can be made by using QD LEDs.
In the prior art, there are three types of arrangements of QD
LED:s arrays in a display device, which are shown in FIGS.
1-3.

[0006] As shown in FIG. 1, electroluminescent QD LED
arrays of three colors 104, 105, 106 are arranged in a same
layer 102 on a same surface of a display substrate 101. A
cover 103 is placed on the top of the electroluminescent QD
LED:s to protect them.

[0007] As shown in FIG. 2, a red photoluminescent quan-
tum-dot LED array 204, a green photoluminescent quantum-
dot LED array 205 and a blue micro-LED array 206 are
arranged in a same layer 202 on a same surface of a display
substrate 201. The micro-LEDs for exciting the red pho-
toluminescent quantum-dot LED array 204 and the green
photoluminescent quantum-dot LED array 205 are blue
micro-LEDs. A cover 203 is placed on the top of the LEDs
to protect them.

[0008] As shown in FIG. 3, photoluminescent QD LED
arrays of three colors 304, 305, 306 are arranged in a same
layer 302 on a same surface of a display substrate 301. The
micro-LEDs for exciting the red photoluminescent quan-
tum-dot LED array 204 and the green photoluminescent
quantum-dot LED array 205 are blue micro-LEDs. A cover
203 is placed on the top of the LEDs to protect them.
[0009] The design freedom of a prior art QD LED display
device is just limited to the same type of QD LEDs or the
same type of micro-LEDs.

[0010] In addition, the red, green and blue (RGB) sub-
pixels within a pixel is horizontally positioned and laid-out
in a display substrate in the prior art, which limited the
highest display resolution.

[0011] Furthermore, different color LED arrays may be
transferred onto the display substrate in different transfer
procedures, color by color. The subsequent transfer proce-
dure may put negative impact on the LEDs which have
already been on the display substrate. Besides, the manu-
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facturing difficulty may also be increased due to surface
topography changes after partial color transfer(s).

[0012] Therefore, there is a demand in the art that a new
solution for a display device shall be proposed to address at
least one of the problems in the prior art.

SUMMARY OF THE INVENTION

[0013] One object of this invention is to provide a new
technical solution for a display device.

[0014] According to a first aspect of the present invention,
there is provided a display device, comprising: a display
substrate; and arrays of light-emitting elements on the
display substrate, wherein the light-emitting elements
include at least two types of electroluminescent quantum-dot
LED, photoluminescent quantum-dot LED and micro-LED,
wherein at least one type of the light-emitting elements is an
electroluminescent quantum-dot LED, or at least two types
of the light-emitting elements are micro-LED.

[0015] Optionally or alternatively, the arrays of light-
emitting elements include an array of first color electrolu-
minescent quantum-dot LEDs which have a higher effi-
ciency than at least one of other colors of electroluminescent
quantum-dot LEDs.

[0016] Optionally or alternatively, the first color electrolu-
minescent quantum-dot LEDs are red electroluminescent
quantum-dot LEDs.

[0017] Optionally or alternatively, the arrays of light-
emitting elements include two arrays of two color micro-
LEDs which have higher efficiency than the other color
micro-LEDs.

[0018] Optionally or alternatively, the two arrays of two
color micro-LEDs include an array of red micro-LEDs and
an array of blue micro-LEDs.

[0019] Optionally or alternatively, the arrays of light-
emitting elements include an array of green light-emitting
elements which are green electroluminescent quantum-dot
LEDs or green photoluminescent quantum-dot LEDs.

[0020] Optionally or alternatively, the arrays of light-
emitting elements are placed in at least two stacked layers on
the display substrate.

[0021] Optionally or alternatively, wherein the stacked
layers include, in sequence from the display substrate, a first
stacked layer which includes an array of red light-emitting
elements, a second stacked layer which includes an array of
green light-emitting elements and a third stacked layer
which includes an array of blue light-emitting elements.

[0022] Optionally or alternatively, light-emitting elements
in different stacked layers are overlapped in vertical direc-
tion.

[0023] According to a second aspect of the present inven-
tion, there is provided an electronics apparatus comprising a
display device according to the present invention.

[0024] According to an embodiment of this invention, the
present invention can provide a display designer with more
freedom of design.

[0025] Further features of the present invention and
advantages thereof will become apparent from the following
detailed description of exemplary embodiments according to
the present invention with reference to the attached draw-
ings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention and, together with the
description thereof, serve to explain the principles of the
invention.

[0027] FIGS. 1-3 are schematic diagrams showing
arrangements for prior art QD LED display devices.
[0028] FIGS. 4-12 are schematic diagrams showing
arrangements for QD LED display devices according to
embodiments of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] Various exemplary embodiments of the present
invention will now be described in detail with reference to
the drawings. It should be noted that the relative arrange-
ment of the components and steps, the numerical expres-
sions, and numerical values set forth in these embodiments
do not limit the scope of the present invention unless it is
specifically stated otherwise.

[0030] The following description of at least one exemplary
embodiment is merely illustrative in nature and is in no way
intended to limit the invention, its application, or uses.
[0031] Techniques, methods and apparatus as known by
one of ordinary skill in the relevant art may not be discussed
in detail but are intended to be part of the specification where
appropriate.

[0032] In all of the examples illustrated and discussed
herein, any specific values should be interpreted to be
illustrative only and non-limiting. Thus, other examples of
the exemplary embodiments could have different values.
[0033] Notice that similar reference numerals and letters
refer to similar items in the following figures, and thus once
an item is defined in one figure, it is possible that it need not
be further discussed for following figures.

[0034] Basically, the arrangement of QD LEDs is limited
to using same type of QD LEDs or micro-LED (blue
micro-LED). This will limit the design freedom of a displace
designer. For example, the development of different color
QD LED and micro-LED are not always synchronized.
Some types of QD LED such as blue electroluminescent QD
LED may not be efficient currently. Similarly, some types of
micro-LED such as green micro-LED may not be efficient
currently. If a designer waits for the adequate development
of all these elements, the development of the whole display
industry may be delayed.

[0035] In this invention, it is proposed to use a hybrid
arrangement of different types of LEDs. In this manner, a
display designer will have more freedom of design.

[0036] FIGS. 4-12 are schematic diagrams showing
arrangements for QD LED display devices according to
embodiments of the present invention.

[0037] As shown in FIG. 4, the display device comprises
a display substrate 401 and arrays 404, 405, 406 of light-
emitting elements on the display substrate 401. The light-
emitting elements 404, 405, 406 include at least two types of
electroluminescent quantum-dot LED, photoluminescent
quantum-dot LED and micro-LED, wherein at least one type
of the light-emitting elements is an electroluminescent quan-
tum-dot LED, or at least two types of the light-emitting
elements are micro-LEDs. For example, the micro-LEDs are
made of I1I-V inorganic compound materials.
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[0038] For example, the arrays of light-emitting elements
404, 405, 406 include an array of first color electrolumines-
cent quantum-dot L.EDs which have a higher efliciency than
at least one of other colors of electroluminescent quantum-
dot LEDs. For example, the first color electroluminescent
quantum-dot LEDs are red electroluminescent quantum-dot
LEDs. Said other colors of electroluminescent quantum-dot
LED:s include blue electroluminescent quantum-dot LEDs.
[0039] As shown in FIG. 4, the red light-emitting elements
404 are red electroluminescent quantum-dot LEDs, the
green light-emitting elements 405 are green photolumines-
cent quantum-dot LEDs, and the blue light-emitting ele-
ments 406 are blue micro-LEDs. They are placed in the layer
402. A cover 403 is placed on the top of them for protection.
[0040] As shown in FIG. 5, an array of red electrolumi-
nescent quantum-dot LEDs 504, an array of green electrolu-
minescent quantum-dot LEDs 505 and an array of blue
micro-LEDs 506 are arranged on a display substrate 501 in
layer 502. A cover 503 is placed on the top of them for
protection.

[0041] As shown in FIG. 6, an array of red electrolumi-
nescent quantum-dot LEDs 604, an array of green micro-
LEDs 605 and an array of blue micro-LEDs 606 are
arranged on a display substrate 601 in layer 602. A cover 603
is placed on the top of them for protection.

[0042] As shown in FIG. 7, an array of red micro-LEDs
704, an array of green photoluminescent quantum-dot LEDs
705 and an array of blue micro-LEDs 706 are arranged on
a display substrate 701 in layer 702. A cover 703 is placed
on the top of them for protection.

[0043] In FIG. 7, the arrays of light-emitting elements
include two arrays of two color micro-LEDs which have
higher efficiency than the other color micro-LEDs. Specifi-
cally, the two arrays of two color micro-LEDs include an
array of red micro-LEDs 704 and an array of blue micro-
LEDs 706. They have a higher efficiency than the green
micro-LEDs.

[0044] Currently, the blue electroluminescent quantum-
dot LEDs and the green micro-LEDs may have a lower
efficiency than other LEDs. In the embodiments of FIGS. 4,
5,7, the arrays of light-emitting elements include an array of
green light-emitting elements 405, 505, 705 which are green
electroluminescent quantum-dot LEDs or green photolumi-
nescent quantum-dot LEDs, and the array of blue light-
emitting elements 406, 506, 706 are blue micro-LEDs.
These embodiments may have more benefits by avoiding
using these two types of LEDs.

[0045] FIGS. 8-12 shows another aspect of this invention.
In the embodiments of FIGS. 8-12, the arrays of light-
emitting elements are placed in at least two stacked layers on
the display substrate.

[0046] Since the micro-LEDs of sub-pixels are placed on
different layers. In each layer, the distance between two
micro-LEDs is enlarged compared with the prior art solu-
tion. Consequently, the manufacture may be easier com-
pared with the prior art solution of putting all micro-LEDs
on the same surface. Besides, it may be easier for increasing
the display resolution in this manner.

[0047] As shown in FIG. 8, the stacked layers include, in
sequence from the display substrate 801, a first stacked layer
802-1 which includes an array of red light-emitting elements
804, a second stacked layer 802-2 which includes an array
of green light-emitting elements 805 and a third stacked
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layer 802-3 which includes an array of blue light-emitting
elements 806. A cover 803 is placed on the top of them for
protection.

[0048] In FIG. 8, for example, the red light-emitting
elements 804 are red electroluminescent quantum-dot LEDs,
the green light-emitting elements 805 are green photolumi-
nescent quantum-dot LEDs, and the blue light-emitting
elements 806 are blue micro-LED:s.

[0049] In such an arrangement, the influence between
different layers of light-emitting elements will be reduced.
For example, because the blue color has the highest fre-
quency or has the highest energy among the three colors, it
may excite fluorescent light on the other color elements if it
is placed beneath them. By the arrangement this invention,
it reduces this fluorescence excitation.

[0050] In addition, since the light-emitting elements of
different colors can be placed in different layers, the impact
of a subsequent transfer on the light-emitting elements
which have already been placed on the display substrate will
be reduced. For example, the red light-emitting elements are
first transferred on the display substrate. Because the red and
green light-emitting elements are in different layers, the
impact on the red light-emitting elements by the transfer of
the green light-emitting elements will be lowered. The same
situation will be applied to the blue light-emitting elements.
This may bring more benefits in this invention, because the
light-emitting elements of different colors are of different
types. Different types of light-emitting elements may have
different requirement during transfer. This arrangement of
stacked layers gives a designer much more freedom of
design.

[0051] Alternatively, the array of light-emitting elements
of each color can be placed in a pre-fabricated layer, such as
a tape. In this manner, the manufacture process may be
simplified. For example, the pre-fabricated layer can be
made at a first position and is transported to a display
manufacturing factory to be assembled into a display device.

[0052] Light-emitting elements, electrodes, filter in the
embodiment can be transparent.

[0053] In FIG. 8, the light-emitting elements in different
stacked layers are not overlapped in vertical direction.
However, the light-emitting elements in different stacked
layers can be overlapped in vertical direction to further
reduce the pixel size.

[0054] As shown in FIG. 9, the stacked layers include, in
sequence from the display substrate 901, a first stacked layer
902-1 which includes an array of red light-emitting elements
904, a second stacked layer 902-2 which includes an array
of green light-emitting elements 905 and a third stacked
layer 902-3 which includes an array of blue light-emitting
elements 906. A cover 903 is placed on the top of them for
protection. Dielectric layers 907-1, 907-2 are placed
amongst the first stacked layer 902-1, the second stacked
layer 902-2 and the third stacked layer 902-3 for isolation.
The dielectric layers 907-1, 907-2 can be transparent.
[0055] In FIG. 9, for example, the red light-emitting
elements 904 are red electroluminescent quantum-dot LEDs,
the green light-emitting elements 905 are green photolumi-
nescent quantum-dot LEDs, and the blue light-emitting
elements 906 are blue micro-LED:s.

[0056] The light-emitting elements in different layers in
FIG. 9 are overlapped so that the display resolution may be
increased.
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[0057] As shown in FIG. 10, the stacked layers include, in
sequence from the display substrate 1001, a first stacked
layer 1002-1 which includes an array of red electrolumines-
cent quantum-dot LEDs 1004, a second stacked layer
1002-2 which includes an array of green electroluminescent
quantum-dot LEDs 1005 and a third stacked layer 1002-3
which includes an array of blue micro-LEDs 1006. A cover
1003 is placed on the top of them for protection.
[0058] As shown in FIG. 11, the stacked layers include, in
sequence from the display substrate 1101, a first stacked
layer 1102-1 which includes an array of red electrolumines-
cent quantum-dot LEDs 1104, a second stacked layer 1102-2
which includes an array of green micro-LEDs 1105 and a
third stacked layer 1102-3 which includes an array of blue
micro-LEDs 1106. A cover 1103 is placed on the top of them
for protection.
[0059] As shown in FIG. 12, the stacked layers include, in
sequence from the display substrate 1201, a first stacked
layer 1202-1 which includes an array of red micro-LEDs
1204, a second stacked layer 1202-2 which includes an array
of green photoluminescent quantum-dot LEDs 1205 and a
third stacked layer 1202-3 which includes an array of blue
micro-LEDs 1206. A cover 1203 is placed on the top of them
for protection.
[0060] In FIGS.10-12, the light-emitting elements are not
overlapped. A persons skilled in the art would understand
that they can be overlapped as those shown in FIG. 9.
[0061] In still another embodiment, the display device
according to any embodiment of this invention can be used
in an electronics apparatus such as a mobile phone, a pad, a
laptop and headset and so on.
[0062] Although some specific embodiments of the pres-
ent invention have been demonstrated in detail with
examples, it should be understood by a person skilled in the
art that the above examples are only intended to be illus-
trative but not to limit the scope of the present invention.
1. A display device, comprising:
a display substrate; and
arrays of light-emitting elements on the display substrate,
wherein the light-emitting elements include at least two
types of electroluminescent quantum-dot LED, pho-
toluminescent quantum-dot LED and micro-LED,

wherein at least one type of the light-emitting elements is
an electroluminescent quantum-dot LED, or at least
two types of the light-emitting elements are micro-
LED.

2. The display device according to claim 1, wherein the
arrays of light-emitting elements include an array of first
color electroluminescent quantum-dot LEDs which have a
higher efficiency than at least one of other colors of elec-
troluminescent quantum-dot LEDs.

3. The display device according to claim 2, wherein the
first color electroluminescent quantum-dot LEDs are red
electroluminescent quantum-dot LEDs.

4. The display device according to claim 1, wherein the
arrays of light-emitting elements include two arrays of two
color micro-LEDs which have higher efficiency than the
other color micro-LEDs.

5. The display device according to claim 4, wherein the
two arrays of two color micro-LEDs include an array of red
micro-LEDs and an array of blue micro-LEDs.

6. The display device according to claim 1, wherein the
arrays of light-emitting elements include an array of green
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light-emitting elements which are green electroluminescent
quantum-dot LEDs or green photoluminescent quantum-dot
LEDs.

7. The display device according to claim 1, wherein the
arrays of light-emitting elements are placed in at least two
stacked layers on the display substrate.

8. The display device according to claim 7, wherein the
stacked layers include, in sequence from the display sub-
strate, a first stacked layer which includes an array of red
light-emitting elements, a second stacked layer which
includes an array of green light-emitting elements and a
third stacked layer which includes an array of blue light-
emitting elements.

9. The display device according to claim 7, wherein
light-emitting elements in different stacked layers are over-
lapped in vertical direction.

10. An electronics apparatus comprising a display device
according to claim 1.
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