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(57) ABSTRACT

A light-emitting diode substrate and a manufacturing
method thereof, and a display device are provided. The
manufacturing method of a light-emitting diode (LED)
substrate, including: disposing a supporting substrate sup-
porting a plurality of LED units to be opposed to a receiving
substrate so that a side of the supporting substrate facing the
receiving substrate supports the plurality of LED units; and
irradiating a side of the supporting substrate away from the
receiving substrate with laser, stripping the LED units from
the supporting substrate, and transferring the LED units onto
the receiving substrate. The manufacturing method of the
LED substrate can better transfer LED units from the
supporting substrate onto the receiving substrate.
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LIGHT-EMITTING DIODE SUBSTRATE AND
MANUFACTURING METHOD THEREOF,
AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] At least one embodiment of the present disclosure
relates to a light-emitting diode substrate and a manufactur-
ing method thereof, and a display device.

BACKGROUND

[0002] As compared with a liquid crystal display (LCD)
and an organic light-emitting diode (OLED) display, an
inorganic micro-scale light-emitting diode display has
higher brightness, faster response, wider applicable tem-
perature, longer service life, and lower power consumption
expected. For example, the inorganic micro-scale light-
emitting diode can include an inorganic micro-scale light-
emitting diode based on Group III-V. With Sony’s exhibition
of'a 55-inch full high definition (FHD) light-emitting diode
television, and Apple’s acquisition of LuxVue, a micro-scale
light-emitting diode display technology has received more
attention in the past two years. Industry insiders give a high
degree of evaluation of the technology, and refer to it as a
next generation of display technology having a potential of
subverting a display industry framework.

SUMMARY

[0003] At least one embodiment of the present disclosure
provides a light-emitting diode substrate and a manufactur-
ing method thereof, and a display device, so as to better
transfer light-emitting diode (LED) units from a supporting
substrate onto a receiving substrate.

[0004] At least one embodiment of the present disclosure
provides a manufacturing method of a light-emitting diode
substrate, including: disposing a supporting substrate sup-
porting a plurality of light-emitting diode units to be
opposed to a receiving substrate so that a side of the
supporting substrate facing the receiving substrate supports
the plurality of light-emitting diode units; and irradiating a
side of the supporting substrate away from the receiving
substrate with laser, stripping the light-emitting diode units
from the supporting substrate, and transferring the light-
emitting diode units onto the receiving substrate.

[0005] At least one embodiment of the present disclosure
provides a light-emitting diode substrate, formed by using
the method provided by at least one embodiment of the
present disclosure.

[0006] At least one embodiment of the present disclosure
provides a display device, including the light-emitting diode
substrate provided by at least one embodiment of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In order to clearly illustrate the technical solution
of the embodiments of the disclosure, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the disclosure and thus are not limitative of
the disclosure.

[0008] FIG. 1a is a schematic diagram of a manufacturing
method of a light-emitting diode substrate (before laser
irradiation) provided by an embodiment of the present
disclosure;
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[0009] FIG. 15 is a schematic diagram of the manufactur-
ing method of a light-emitting diode substrate (after laser
irradiation) provided by an embodiment of the present
disclosure;

[0010] FIG. 2a is a schematic diagram of a supporting
substrate (before etching) provided by an embodiment of the
present disclosure;

[0011] FIG. 24 is a schematic diagram of a supporting
substrate (after etching) provided by an embodiment of the
present disclosure;

[0012] FIG. 3a is a schematic diagram of another manu-
facturing method of a light-emitting diode substrate (before
laser irradiation) provided by an embodiment of the present
disclosure;

[0013] FIG. 35 is a schematic diagram of another manu-
facturing method of a light-emitting diode substrate (after
laser irradiation) provided by an embodiment of the present
disclosure;

[0014] FIG. 3¢ is a schematic diagram of an LED unit
being electrically connected with a first electrode, and the
first electrode being electrically connected with a drain
electrode of a thin film transistor (a reflective layer being not
electrically connected with a solder point) in a manufactur-
ing method of a light-emitting diode substrate provided by
an example of the embodiment of the present disclosure;
[0015] FIG. 3d is a schematic diagram of the LED unit
being electrically connected with the first electrode, and the
first electrode being electrically connected with the drain
electrode of a thin film transistor (the reflective layer being
electrically connected with the solder point) in a manufac-
turing method of a light-emitting diode substrate provided
by another example of the embodiment of the present
disclosure;

[0016] FIG. 3e is a schematic diagram of an auxiliary
metal region being provided in a periphery of a solder point
(before a receiving substrate receives an LED unit) in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0017] FIG. 3f is a schematic diagram of the auxiliary
metal region being provided in a periphery of a solder point
(after the receiving substrate receives the LED unit) in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0018] FIG. 4a is a schematic diagram of a solder point of
a first type of shape and an auxiliary metal region in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0019] FIG. 45 is a schematic diagram of a solder point of
a second type of shape and an auxiliary metal region in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0020] FIG. 4c¢ is a schematic diagram of a solder point of
a third type of shape and an auxiliary metal region in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0021] FIG. 44 is a schematic diagram of a solder point of
a fourth type of shape and an auxiliary metal region in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0022] FIG. 5a is a schematic diagram of a mask in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0023] FIG. 54 is a schematic diagram of a carrier sub-
strate for carrying a supporting substrate in a manufacturing
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method of a light-emitting diode substrate provided by an
embodiment of the present disclosure;

[0024] FIG. 5¢ is a schematic diagram of a receiving
substrate after receiving the LED units in a manufacturing
method of a light-emitting diode substrate provided by an
embodiment of the present disclosure;

[0025] FIG. 5d is a schematic diagram of a receiving
substrate after receiving red sub-pixels in a manufacturing
method of a light-emitting diode substrate provided by an
embodiment of the present disclosure;

[0026] FIG. 5e is a schematic diagram of a receiving
substrate after receiving green sub-pixels in a manufacturing
method of a light-emitting diode substrate provided by an
embodiment of the present disclosure;

[0027] FIG. 5f is a schematic diagram of a receiving
substrate after receiving blue sub-pixels in a manufacturing
method of a light-emitting diode substrate provided by an
embodiment of the present disclosure;

[0028] FIG. 64 is a schematic diagram of another mask in
a manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0029] FIG. 65 is a schematic diagram of another carrier
substrate for carrying a supporting substrate in a manufac-
turing method of a light-emitting diode substrate provided
by an embodiment of the present disclosure;

[0030] FIG. 6c is a schematic diagram of another manu-
facturing method of a light-emitting diode substrate pro-
vided by an embodiment of the present disclosure;

[0031] FIG. 6d is a schematic diagram at openings of a
mask arranged in parallel in a manufacturing method of a
light-emitting diode substrate provided by an embodiment of
the present disclosure (a cross-sectional view of the sup-
porting substrate and the receiving substrate corresponding
to a mask along A-A' direction in FIG. 65, before laser
irradiation);

[0032] FIG. 6¢ is a schematic diagram at the openings of
the mask arranged in parallel in a manufacturing method of
a light-emitting diode substrate provided by an embodiment
of the present disclosure (a cross-sectional view of the
supporting substrate and the receiving substrate correspond-
ing to the mask along A-A' direction in FIG. 65, before laser
irradiation);

[0033] FIG. 7a is a schematic diagram of a mask having
an opening of the mask corresponding to two LED units in
a manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0034] FIG. 7b is a schematic diagram of a sub-pixel
region in a receiving substrate receiving two LED units in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0035] FIG. 7c is a schematic diagram of a mask having an
opening corresponding to two LED units in a manufacturing
method of a light-emitting diode substrate provided by an
embodiment of the present disclosure (before laser irradia-
tion);

[0036] FIG. 7d is a schematic diagram of a mask having
an opening corresponding to two LED units in a manufac-
turing method of a light-emitting diode substrate provided
by an embodiment of the present disclosure (after laser
irradiation);

[0037] FIG. 8a is a schematic diagram of the LED unit
being transferred onto the receiving substrate in a manufac-
turing method of a light-emitting diode substrate provided
by an embodiment of the present disclosure;
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[0038] FIG. 854 is a schematic diagram of using a pressur-
izing substrate for pressurizing after the LED unit is trans-
ferred onto the receiving substrate in a manufacturing
method of a light-emitting diode substrate provided by an
embodiment of the present disclosure;

[0039] FIG. 8¢ is a schematic diagram of forming a
planarization layer on the LED unit in a manufacturing
method of a light-emitting diode substrate provided by an
embodiment of the present disclosure;

[0040] FIG. 84 is a schematic diagram of patterning a
planarization layer and exposing the LED unit in a manu-
facturing method of a light-emitting diode substrate pro-
vided by an embodiment of the present disclosure;

[0041] FIG. 8¢ is a schematic diagram of forming a second
electrode of an LED unit in a manufacturing method of a
light-emitting diode substrate provided by an embodiment of
the present disclosure;

[0042] FIG. 8f is a schematic diagram of forming an
insulating protective layer on the second electrode in a
manufacturing method of a light-emitting diode substrate
provided by an embodiment of the present disclosure;
[0043] FIG. 8¢ is a schematic diagram of a display device
of a light-emitting diode substrate provided by an embodi-
ment of the present disclosure.

REFERENCE NUMERALS

[0044] 100-light-emitting diode unit; 01-supporting sub-
strate; 02-receiving substrate; 04-mask; 05-carrier substrate;
06-pressurizing substrate; 07-encapsulation substrate;
08-photo spacer; 09-encapsulation material; 101-first base
substrate; 102-buffer layer; 103-N-type doped semiconduc-
tor layer; 104-light-emitting layer; 105-P type doped semi-
conductor layer; 106-current dispersion layer; 107-bonding
layer; 200-sub-pixel region; 201-second base substrate; 202-
pixel definition layer; 203-solder point; 204-reflective layer;
205-planarization layer; 2051-via hole; 206-second elec-
trode; 223-auxiliary metal region; 211-gate electrode; 212-
gate insulating layer; 213-active layer; 214-source electrode;
215-drain electrode; 216-first electrode; 217-via hole;
12345-thin film transistor; 207-insulating protective layer;
345-light-emitting stacked layer; 401-opening; 402-align-
ment mark; 701-black matrix; 221-red sub-pixel; 222-green
sub-pixel; 224-blue sub-pixel.

DETAILED DESCRIPTION

[0045] In order to make objects, technical details and
advantages of the embodiments of the disclosure apparent,
the technical solutions of the embodiments will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the disclosure.
Apparently, the described embodiments are just a part but
not all of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the invention.

[0046] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to
which the present disclosure belongs. The terms “first,”
“second,” etc., which are used in the description and the
claims of the present application for invention, are not
intended to indicate any sequence, amount or importance,
but distinguish various components. Also, the terms such as
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a,” “an,” etc., are not intended to limit the amount, but
indicate the existence of at least one. The terms “comprise,”
“comprising,” “include,” “including,” etc., are intended to
specify that the elements or the objects stated before these
terms encompass the elements or the objects and equivalents
thereof listed after these terms, but do not preclude the other
elements or objects. The phrases “connect”, “connected”,
etc., are not intended to define a physical connection or
mechanical connection, but can include an electrical con-
nection, directly or indirectly. “On,” “under,” “right,” “left”
and the like are only used to indicate relative position
relationship, and when the position of the object which is
described is changed, the relative position relationship can
be changed accordingly.

[0047] An inorganic micro-scale light-emitting diode unit
requires a more stringent manufacturing condition, and
generally, needs to be obtained by epitaxial growth in a
high-temperature condition on a substrate such as sapphire
or SiC. When a display product is being manufactured, how
to transfer and integrate the inorganic micro-scale light-
emitting diode unit onto a TFT array substrate is a primary
problem about which researchers are concerned. Reported
methods include solutions of transfer head transfer and fluid
guidance. LuxVue (US20150021466A1) and Sony (U.S.
Pat. No. 6,961,993B2) employ a one-step or two-step trans-
fer method, wherein, a light-emitting diode unit is trans-
ferred from a wafer substrate to a TFT array substrate by a
transfer head. Although it is said that the transfer head can
transfer tens of thousands of light-emitting diodes each time,
with respect to a display device with a resolution of full high
definition (FHD) and above, the number of the light-emit-
ting diode unit can be as many as millions or tens of
millions, and a small panel needs dozens or hundreds of
times of transfer. Sharp Corporation (US20150155445A1)
delivers a sheet-like light-emitting diode unit to a corre-
sponding sub-pixel region in a TFT array substrate in a mode
of the fluid guidance; each of the sub-pixel regions is
provided with a via hole, and is connected with a suction
pump therebelow, at the same time when fluid is delivering
the micro-scale light-emitting diode unit, the suction pump
is turned on, which facilitates assisting the light-emitting
diode unit to reach the sub-pixel region, and it is a difficult
point in the method to deliver the light-emitting diode unit
highly efficiently to the sub-pixel region in a correct direc-
tion. These two methods have a difficulty to guarantee a
yield, they take a long time for a transfer process, and their
cost is also higher. Therefore, a highly efficient transfer
process of the inorganic micro-scale light-emitting diode
unit is needed.

[0048] An embodiment of the present disclosure provides
a manufacturing method of a light-emitting diode (LED)
substrate, and as illustrated in FIG. 1a and FIG. 15, the
method for manufacturing the LED substrate is as follows:
[0049] Firstly, disposing a supporting substrate 01 sup-
porting a plurality of LED units 100 to be opposed to a
receiving substrate 02, a side of the supporting substrate 01
facing the receiving substrate 02 supports the plurality of
LED units 100;

[0050] Next, irradiating a side of the supporting substrate
01 away from the receiving substrate 02 with laser, stripping
the LED units 100 from the supporting substrate 01, and
transferring the LED units onto the receiving substrate 02.
[0051] For example, as illustrated in FIG. 1a and FIG. 15,
the laser is provided by a laser device, and a laser head 3 of
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the laser device is provided on the side of the supporting
substrate 01 away from the receiving substrate 02. For
example, the laser head 3 can move from one side of the
supporting substrate 01 to the other side, and the LED units
100 are stripped from the supporting substrate 01 by high-
energy laser. It should be noted that, a manner of laser
irradiation is not limited to that as given above. In the
embodiment of the present disclosure, there can be various
types of laser devices, for example, a solid-state laser device,
a gas laser device, an excimer laser device, a semiconductor
laser device, and the like. It should be noted that, in the
embodiment of the present disclosure, the laser device used
is not limited.

[0052] For example, the manufacturing method of the
LED substrate provided by the embodiment of the present
disclosure can be used for manufacturing a display substrate,
and is particularly suitable for manufacturing a small-and-
medium-sized display used in a mobile product and a
wearable product, which facilitates reducing costs and
enhancing transfer and integration efficiency.

[0053] For example, FIG. 2a and FIG. 256 are schematic
diagrams of the LED units 100 on the first base substrate 101
(wafer substrate) before and after etching provided by the
embodiment of the present disclosure. For example, a light-
emitting stacked layer 345 is provided on the first base
substrate 101, and a current dispersion layer 106 and a
bonding layer 107 are provided on the light-emitting stacked
layer 345. That is, each of the LED units 100 include a
light-emitting stacked layer 345, a current dispersion layer
106 and a bonding layer 107; and the bonding layer 107 can
be configured to be in contact with and bonded to the
receiving substrate 02. In some examples, the light-emitting
stacked layer 345 can include an N-type doped semicon-
ductor layer 103 and a P-type doped semiconductor layer
105, as well as a light-emitting layer 104 provided between
the N-type doped semiconductor layer 103 and the P-type
doped semiconductor layer 105. In some examples, a buffer
layer 102 can be further provided between the light-emitting
stacked layer 345 and the first base substrate 101, and
further, for example, the buffer layer 102 is an N-type
semiconductor buffer layer. It should be noted that, in the
embodiment of the present disclosure, each of the LED units
can also not include the current dispersion layer 106 and/or
the bonding layer 107, which is not limited by the embodi-
ment of the present disclosure.

[0054] For example, the first base substrate 101 can be
sapphire, silicon carbide, gallium arsenide, and the like. The
light-emitting layer 104 can be a single-layer or a multi-
layer quantum well light-emitting layer. The current disper-
sion layer 106 is configured to disperse current, which has
a certain protective effect on the LED unit, and at the same
time makes better contact between the LED unit and the
receiving substrate. The bonding layer 107 can be a material
with high temperature resistance and good conductivity, and
can be bonded to the receiving substrate after the LED units
are transferred onto the receiving substrate. For example, the
current dispersion layer should have good transmittance, and
the bonding layer should have a certain reflective effect, in
order to improve light emission efficiency of an LED device.
Dry etching can be performed to obtain a patterned wafer
structure as illustrated in FIG. 15, and obtained the plurality
of LED units on the wafer substrate.

[0055] There are also various options for the N-type doped
layer, the P-type doped layer and the light-emitting layer.
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For example, a light-emitting layer material of a red light
device can be selected from one or more of materials of
AlGaAs, GaAsP, GaAsP, GaP, and other materials, a light-
emitting layer material of a green light device can be
selected from one or more of materials of InGaN, GaN, GaP,
AlGaP, and other materials, and a light-emitting layer mate-
rial of a blue light device can be selected from one or more
of materials of GaN, InGaN, ZnSe, and other materials. For
example, the light-emitting layer material can be doped, to
form the N-type doped layer or the P-type doped layer. The
N-type doped layer or the P-type doped layer can be
obtained by N-type doping (e.g., silicon (Si) doping) or
P-type doping (e.g., magnesium (Mg) doping) in one or
more light-emitting layer materials. A thickness of each of
the LED units can be 3 pm to 50 pm or more; the current
dispersion layer 106 can be a single-layer or a multi-layer
metal, oxide or polymer, etc. with good electrical conduc-
tivity and thermal conductivity, and its thickness can be 0.1
um to 3 pm. A material of the bonding layer 107 can be a
metal with a melting point higher than 300° C., e.g., gold,
copper, aluminum, zinc, nickel, etc., or an alloy thereof, and
its thickness is 0.5 um to 3 um. It should be noted that, in the
embodiment of the present disclosure, options of the mate-
rials of the N-type doped layer, the P-type doped layer and
the light-emitting layer in each of the LED units are not
limited to the cases as exemplified above, and can be
selected with reference to a conventional design.

[0056] It should be noted that, the above is merely exem-
plary and does not limit a layer structure of the LED unit,
and other structures or other materials can also be used in the
LED unit in the embodiment of the present disclosure, which
is not limited here.

[0057] In some examples, as illustrated in FIG. 3a and
FIG. 35, in order to selectively strip the LED units, a mask
04 is also provided on the side of the supporting substrate 01
away from the receiving substrate 02, the mask 04 is
provided with a plurality of openings 401 therein; the laser
irradiates a side of the mask 04 away from the supporting
substrate 01, to strip the LED units 100 corresponding to
positions of the plurality of openings 401 of the mask 04
from the supporting substrate 01, and transfer the LED units
stripped away onto the receiving substrate 02.

[0058] As illustrated in FIG. 3a and FIG. 354, a patterned
mask 04 is provided between the laser head 3 and the
supporting substrate 01. When the laser is scanning, only the
LED units corresponding to positions of the openings on the
mask will be stripped, laser in other position will be shielded
by the mask, so that the laser will not affect the LED units
shielded by the mask. The embodiment of the manufacturing
method of the LED substrate includes a micro-scale LED
unit transfer process, which selectively transfer designated
LED units to the receiving substrate, by using a laser
stripping technology, with a mask, so that utilization rate and
transfer efficiency of the LED units can be improved.

[0059] For example, the receiving substrate 02 includes a
second base substrate 201. For example, the second base
substrate 201 can include a glass substrate, a flexible sub-
strate, and the like, which is not limited here. For example,
the receiving substrate 02 can be a TFT array substrate.
Because the LED unit and an OLED unit have a very similar
display principle, a drive circuit design solution similar to
that of an OLED can be used, for example, a simplest 2T1C
or 4T2C, 6T2C, 7T1C, etc. with a compensation function
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can be used, but is not limited thereto. A selected drive
circuit is not limited in the embodiment of the present
disclosure.

[0060] In some examples, as illustrated in FIG. 3a and
FIG. 35, the receiving substrate 02 is provided thereon with
a pixel definition layer 202, the pixel definition layer 202
defines a plurality of sub-pixel regions 200, each of the
sub-pixel regions 200 is configured to receive at least one of
the LED units 100; and the sub-pixel region 200 is a
micro-scale receiving hole, which facilitates accurate inte-
gration of the micro-scale LED unit into a designated region.
A solder point 203 can be provided in a position where the
at least one of the LED units 100 is received within each of
the sub-pixel regions 200. For example, the bonding layer
107 in each of the LED units can be a material with high
temperature resistance and good conductivity, and can be
bonded to the solder point after the LED unit is transferred
onto the receiving substrate.

[0061] For example, a material used in the solder point is
a solder material, for which a low-temperature solder mate-
rial (with a melting point below 300° C.) can be selected,
which is, for example, indium, tin, or indium tin material
mixed with a soldering flux. In some examples, a projection
of each of the LED units 100 on the receiving substrate 02
covers a projection of a solder point 203 corresponding
thereto on the receiving substrate 02. For example, a diam-
eter of the solder point can be about %2 of a diameter of each
of'the LED units, and a thickness of the solder point can be
0.05 pm to 1.0 um, as long as its coverage during melting
can be smaller than or equal to a diameter of each of the LED
units. For example, the thickness of the solder point is not
greater than a thickness of the bonding layer 107 in each of
the LED units, in order to better achieve the above-described
effect that the coverage of the solder point during melting is
smaller than or equal to the diameter of the each of the LED
units.

[0062] For example, a thickness of the pixel definition
layer can be adjusted according to the thickness of each of
the LED units, and its thickness a thickness of the pixel
definition layer can be 1 pm to 50 pum, and the pixel
definition layer can be fabricated by spin coating, printing,
and so on. By adjusting an inclination angle of an inner edge
of'a pixel, a viewing angle and a light emission effect can be
adjusted. In some examples, as illustrated in FIG. 354, the
thickness of the pixel definition layer 202 is smaller than the
thickness of each of the LED units 100, in order to facilitate
reduction of a distance between the supporting substrate and
the receiving substrate, and improvement of transfer and
reception success rate of the LED units.

[0063] In some examples, as illustrated in FIG. 3¢ and
FIG. 3d, each of the sub-pixel regions 200 of the receiving
substrate 02 is provided with a reflective layer 204. In some
examples, as illustrated in FIG. 3¢, the solder point 203 is
located above the first electrode 216, the first electrode 216
is electrically connected with a drain electrode 215 of a thin
film transistor 12345, and the LED unit 100 is electrically
connected with the first electrode 216 via the solder point
203, a reflective layer 204 can be provided within the
sub-pixel region, and the reflective layer 204 cannot be
electrically connected with the solder point and the LED unit
100. In other examples, as illustrated in FIG. 3d, within each
of the sub-pixel regions 200, a reflective layer 204 is
electrically connected with the first electrode 216 on the
receiving substrate 02. The first electrode 216 is electrically
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connected with a drain electrode 215 of a thin film transistor
12345. For example, the thin film transistor 12345 includes
a gate electrode 211, a gate insulating layer 212, an active
layer 213, a source electrode 214, and a drain electrode 215.
The drain electrode 215 is electrically connected with the
first electrode 216. A material of the first electrode 216
includes, for example, a transparent metal oxide, for
example, indium tin oxide (ITO), but is not limited hereto.
For example, each of the sub-pixel regions can be covered
with one or more layers of metal or oxide with good
conductive and reflective properties, a lower end of the
reflective layer 204 can be electrically connected with the
first electrode 216 through a via hole 217, to be further
connected with the drain electrode 215 of the TFT which is
a drive TFT, the reflective layer 204 can be made of a
material of, for example: aluminum, molybdenum, titanium,
titanium-aluminum-titanium, molybdenum-aluminum-mo-
lybdenum, ITO-silver-ITO and the like, and a thickness of
the reflective layer 204 can be in a range of 0.1 um to 3 pm.
Hereinafter, it is illustrated with a case where the reflective
layer 204 is electrically connected with the solder point as an
example.

[0064] In some examples, as illustrated in FIG. 3e and
FIG. 3f, within each of the sub-pixel regions 200, an
auxiliary metal region 223 is provided in a periphery of the
solder point 203, and the auxiliary metal region 223 is
provided around the solder point 203. In some examples, a
melting point of the auxiliary metal region 223 is higher than
a melting point of the solder point 203, so that a molten
solder point 20 can be defined within a range of the auxiliary
metal region 223.

[0065] The auxiliary metal region 204 can be provided in
the periphery of the solder point 203 within the sub-pixel
region. When the LED unit is transferred to the molten
solder point, a certain pressure is applied until the LED unit,
e.g., its bonding layer 107 is in contact with the auxiliary
metal region 223. For example, the melting point of the
auxiliary metal region 204 is higher than that of the solder
point, and a material whose electrical conductivity is better
than that of the solder point can be selected as the auxiliary
metal region 204, for example, copper, aluminum, silver,
gold and the like. In some examples, the auxiliary metal
region 223 includes a rectangle, a circle, or multiple dis-
persed points. For example, the auxiliary metal region 223
can be designed in a shape of a ring, a square, a lattice, and
the like (as illustrated in FIG. 4a to FIG. 4d), and the shape
of the auxiliary metal region 223 can be designed according
to a shape of the LED unit. For example, an area enclosed
by the auxiliary metal region 223 is 1 to 2 times the area of
the LED unit. Advantages of the design are that: a solder
metal can be limited within the auxiliary metal region, to
improve a success rate of receiving and soldering the LED
unit, and at the same time, a contact performance of the LED
unit and the first electrode 216 (e.g., the first electrode can
be a pixel electrode, and can be an anode) can be improved,
so that the contact performance is better.

[0066] Hereinafter, the mask 04 will be further described.

[0067] (1) For example, for the mask 04, one or more
layers of a material with good thermal conductivity, certain
rigidity and toughness, and good stability at a high tempera-
ture can be selected. For example, a material of the mask 04
includes stainless steel, copper, or an alloy thereof. A
graphite layer with good thermal conductivity can also be
added into the mask. For example, a thickness of the mask
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is 0.02 mm to 1 mm. According to a size of the LED unit,
a size of the opening 401 of the mask can be 5 pm to 100 pm.

[0068] (2) In some examples, as illustrated in FIG. Sa, the
plurality of openings 401 of the mask 04 are arranged in an
array. In order to selectively strip the designated LED units,
each of the openings can cover only one LED unit, or can
cover more than one LED unit. When the laser scans in a
horizontal direction or in a longitudinal direction, only the
LED units corresponding to positions of the openings will be
stripped, and laser at the other position will be shielded by
the mask. An alignment mark 402 can be provided on the
mask 04, so as to be used for performing an aligning
operation at work.

[0069] A carrier substrate 05 for carrying the supporting
substrate 01 is provided below the mask 04, as illustrated in
FIG. 5b, and a movable clip can be provided here to fix the
supporting substrate 01. In order to improve alignment
accuracy, the alignment mark 501 can be provided on the
carrier substrate 05 and the clip for carrying the supporting
substrate 01, respectively. An arrangement effect of the
supporting substrate 01 illustrated in FIG. 556 is only a
schematic diagram, and a specific arrangement effect is
determined with reference to a size of the supporting sub-
strate and a size of the glass substrate. It should be noted
that, the alignment mark 402 and the alignment mark 501 are
cross-shaped in the diagram, but the embodiment of the
present disclosure is not limited hereto.

[0070] For example, each of the openings of the mask
corresponds to only one LED unit, and a distance between
adjacent openings can be set according to a pixel spacing in
a display panel; a distance between two openings can be
equivalent to a distance of several LED units on the sup-
porting substrate 01, e.g., 5 or more, essentially 3 to 10.
After the laser has scanned the entire mask once, it is
necessary to move the mask 04 and/or the supporting
substrate 01 as a whole in a designated direction by a
distance, which is equivalent to a distance of the LED units
on the supporting substrate 01 with respect to each other. In
order to ensure accurate alignment, the mask 04, the sup-
porting substrate 01 and the receiving substrate 02 all need
to be provided with a plurality of alignment marks, for
example, a cross-shaped alignment mark can be provided, as
illustrated in FIG. 54 and FIG. 5b. It is necessary to make a
position at the alignment mark of the mask 04 and the
supporting substrate 01 into an opening, for example, a
width of each line of the cross shape is less than 3 um, which
can be adjusted according to requirement of alignment
accuracy, and a distance between the alignment marks can
be equal to a distance between adjacent LED units in the
supporting substrate 01, or be an integral multiple of the
distance between adjacent LED units in the supporting
substrate 01.

[0071] In an initial aligning operation, alignment can be
performed through four-corner alignment mark firstly. After
the laser for stripping the LED units has scanned once, and
the mask 04 and the supporting substrate 01 are moved, it is
necessary to align by means of other alignment marks.
During the alignment, a light source provided above the
alignment mark of the mask is turned on, a photoreceptor
can be provided at the alignment mark of the receiving
substrate 02; only when the photoreceptor receives a signal
sent by the light source in a designated region, it indicates
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successful alignment, and when deviation occurs, fine-
tuning can be performed according to the signal of the light
source for alignment.

[0072] After the LED units are transferred onto the receiv-
ing substrate 02, as illustrated in FIG. 5¢, a region 220
corresponding to a single display screen can be formed in a
mode below. FIG. 5d to FIG. 5f illustrate an enlarged
diagram of formation at C in FIG. 5¢. For example, red
sub-pixels 221 can be formed with the mask 04 firstly, then
the mask 04 or the supporting substrate 01 is moved, green
sub-pixels 222 are formed, then the mask 04 or the support-
ing substrate 01 is moved again, and blue sub-pixels 224 are
formed. Each of the sub-pixel regions is provided with an
LED unit. Sub-pixels of different colors can be transferred
with a same mask, which can save costs of the mask. It
should be noted that, a color of the sub-pixel formed and an
order for forming the sub-pixels is not limited in the embodi-
ment of the present disclosure.

[0073] (3) In some examples, as illustrated in FIG. 6a,
FIG. 65 and FIG. 6c, the plurality of openings 401 of the
mask 04 are arranged in parallel.

[0074] In order to avoid moving the mask and the sup-
porting substrate many times, when the supporting substrate
01 is being patterned, the distance between adjacent LED
units can be made to be equal to the distance between
adjacent sub-pixels in the receiving substrate 02, so that only
linear openings needs to be made in the mask. As illustrated
in FIG. 6d and FIG. 6e, when the laser has scanned the
supporting substrate, the corresponding LED units has been
transferred.

[0075] (4) In some examples, each of the openings 401 in
the mask 04 corresponds to at least one of the LED units
100. In FIG. 5a and FIG. 55, each opening 401 on the mask
04 corresponds to one LED unit 100.

[0076] In order to improve a yield of the display panel,
two LED units can be provided within each of the sub-pixel
regions, and are connected in parallel. In order to transfer the
LED units more efficiently, as illustrated in FIG. 74, each
opening 401 on the mask 04 corresponds to two LED units
100. As illustrated in FIG. 75, each of the sub-pixel region
on the receiving substrate receives two LED units 100. As
illustrated in FIG. 7¢ and FIG. 7d, when the laser has
scanned one opening, two adjacent LED units will be
stripped away.

[0077] It should be noted that, the number of the LED
units 100 corresponding to each opening 401 in the mask 04
is not limited to the above description, but can be more than
two. A shape of the opening 401 of the mask 04 is not limited
to the above description, neither.

[0078] In the embodiment of the present disclosure, the
number of pixels transferred can be adjusted by adjusting
opening design of the mask. It is possible to integrate the
LED units onto the receiving substrate more efficiently, and
to manufacture the micro-scale LED display with a lower
cost.

[0079] It can be as illustrated in FIG. 8a after the LED
units 100 are transferred onto the receiving substrate 02. In
some examples, the manufacturing method of the LED
substrate can further include: performing a heat treatment
after the LED units 100 are transferred onto the receiving
substrate 02, so that the LED units 100 within each of the
sub-pixel regions 200 is electrically connected with the first
electrode 216, to be further electrically connected with the
drain electrode 215 of the thin film transistor. For example,
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when the LED units are being transferred, the supporting
substrate 01 and the receiving substrate 02 are heated, to
melt the solder points 203 so as to fix the LED units
transferred.

[0080] In some examples, as illustrated in FIG. 85, the
manufacturing method of the LED substrate can further
include: pressurizing the LED units 100 transferred onto the
receiving substrate 02 with a pressurizing substrate 06, after
the LED units 100 is transferred onto the receiving substrate
02. For example, after all the LED units 100 have been
transferred, if the metal of the solder point is in a molten
state, the device cannot be fixed firmly, and the pressurizing
substrate 06 is used for applying a certain pressure to the
LED units, to help them be better welded within the sub-
pixel region. A certain degree of elasticity is needed on a
surface where the pressurizing substrate 06 is in contact with
the LED units, it can be a polymer elastomer, which will not
adsorb the LED units. It should be noted that, this step can
be omitted.

[0081] In some examples, as illustrated in FIG. 8¢ and
FIG. 84, the manufacturing method of the LED substrate can
further include: forming a planarization layer 205 on the
receiving substrate 02, after the LED units 100 are trans-
ferred onto the receiving substrate 02, and patterning the
planarization layer 205 to expose each of the LED units 100,
so as to form a patterned planarization layer. For example,
a via hole 2051 is formed in the planarization layer above
each of the LED units.

[0082] For example, after the LED units 100 are trans-
ferred onto the receiving substrate 02, a planarization layer
is coated on an entire surface to play a role of protection. For
example, for the planarization layer, a material with better
transparency can be selected to ensure light emission effi-
ciency of the LED device, which can be an epoxy group or
an acrylic-based resin, for example, it can includes polym-
ethylmethacrylate, polyimide, polyester, and the like. Then
aprotective layer on top of each of the LED units is removed
by using ion beam etching, to form the via hole 2051.
[0083] In some examples, as illustrated in FIG. 8e, the
manufacturing method of the LED substrate can further
include: forming a second electrode 206 for each of the LED
units 100, after the patterned planarization layer is formed.
For example, the second electrode 206 can be a cathode. For
example, a layer of metal can be used as the second electrode
206 by using a sputtering method. The formed metal layer
does not need to be too thick, it can have good light
transmittance, and the selected metal can be magnesium,
silver, or a magnesium and silver alloy, and its thickness can
be, for example, 5 nm to 50 nm.

[0084] In some examples, as illustrated in FIG. 8f, the
manufacturing method of the LED substrate can further
include: forming an insulating protective layer 207 on the
second electrode 206. For example, an insulating protective
layer 207 can be formed by vapor deposition or coating.
[0085] Finally, the encapsulation substrate 07 on which a
black matrix 701 shielding layer has been manufactured can
be bonded to the LED substrate (a display substrate) by
using an encapsulation technology to form a display device,
and the display device can be as illustrated in FIG. 8g. For
example, an RGB full-color display device can be formed.
The encapsulation substrate 07 can be, for example, a glass
substrate, but is not limited hereto. The encapsulation tech-
nology includes, for example, frit encapsulation or photo-
sensitive adhesive encapsulation. FIG. 8g also illustrates a
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photo spacer (PS) 08 and an encapsulation material 09 for
encapsulating the display device. The photo spacer 08 can
play a role in supporting the encapsulation substrate 07, keep
a certain distance between the encapsulation substrate 07
and the receiving substrate, which can prevent damage to the
sub-pixels during a touching or pressing operation. The
photo spacer 08 can be formed on the encapsulation sub-
strate 07, and can also be formed on the receiving substrate
02, which is not limited by the embodiment of the present
disclosure.
[0086] Another embodiment of the present disclosure fur-
ther provides an LED substrate, formed by the manufactur-
ing method of any one of the above-described LED sub-
strates.
[0087] Another embodiment of the present disclosure fur-
ther provides a display device, including any one of the
above-described LED substrates.
[0088] In the manufacturing method of the LED substrate
provided by the embodiment of the present disclosure, the
micro-scale LED display can be manufactured by using the
semiconductor display technology, which is conducive to
reduction of production costs and improvement of the yield.
It is particularly suitable for manufacturing of the small-
sized display product used in the mobile terminal product,
particularly, a smart wearable product, for example, a smart
watch, a smart bracelet, and so on.
[0089] The following is to be noted.
[0090] (1) The same reference numerals denote the same
elements/components unless otherwise defined.
[0091] (2) In the drawings of the present disclosure, only
the structures related to the embodiments of the present
disclosure are involved, other structures can refer to usual
designs.
[0092] (3) In order to clearly illustrate, a layer or an area
may be amplified in the drawings of the embodiments of the
present disclosure. It is to be understood that, when a
member such as a layer, a film, an area or a substrate is
located or disposed on or below another member, the mem-
ber can be located or disposed on or below the another
member directly, or an intermediate member or intermediate
member(s) can be disposed.
[0093] (4) The features in different embodiments or dif-
ferent features in the same embodiments can be combined
without conflict.
[0094] What have been described above are only specific
implementations of the present disclosure, the protection
scope of the present disclosure is not limited thereto. Any
changes or substitutions easily occur to those skilled in the
art within the technical scope of the present disclosure
should be covered in the protection scope of the present
disclosure. Therefore, the protection scope of the present
disclosure should be based on the protection scope of the
claims.
[0095] This application claims the benefit of priority from
Chinese patent application No. 201610245083.X, filed on
Apr. 19, 2016, the disclosure of which is incorporated herein
in its entirety by reference as a part of the present applica-
tion.
1. A manufacturing method of a light-emitting diode
(LED) substrate, comprising:
disposing a supporting substrate supporting a plurality of

LED units to be opposed to a receiving substrate so that

a side of the supporting substrate facing the receiving

substrate supports the plurality of LED units; and
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irradiating a side of the supporting substrate away from
the receiving substrate with laser, stripping the LED
units from the supporting substrate, and transferring the
LED units onto the receiving substrate.

2. The manufacturing method of the LED substrate
according to claim 1, wherein, a mask is further provided on
the side of the supporting substrate away from the receiving
substrate, and the mask is provided with a plurality of
openings therein;

the laser irradiates a side of the mask away from the

supporting substrate, to strip the LED units correspond-
ing to positions of the plurality of openings of the mask
from the supporting substrate, and transfer the LED
units stripped away onto the receiving substrate.

3. The manufacturing method of the LED substrate
according to claim 2, wherein, the plurality of openings of
the mask are arranged in an array or arranged in parallel.

4. The manufacturing method of the LED substrate
according to claim 2, wherein, each of the openings in the
mask corresponds to at least one of the LED units.

5. The manufacturing method of the LED substrate
according to claim 1, wherein, the receiving substrate is
provided thereon with a pixel definition layer, the pixel
definition layer defines a plurality of sub-pixel regions, each
of the sub-pixel regions is configured to receive at least one
of'the LED units; and a solder point is provided at a position
where the at least one of the LED units is received within
each of the sub-pixel regions.

6. The manufacturing method of the LED substrate
according to claim 5, wherein, a thickness of the pixel
definition layer is smaller than a thickness of each of the
LED units.

7. The manufacturing method of the LED substrate
according to claim 5, wherein, a projection of each of the
LED units on the receiving substrate covers a projection of
the solder point corresponding thereto on the receiving
substrate.

8. The manufacturing method of the LED substrate
according to claim 5, wherein, within each of the sub-pixel
regions, an auxiliary metal region is provided in a periphery
of the solder point, and the auxiliary metal region is pro-
vided around the solder point.

9. The manufacturing method of the LED substrate
according to claim 8, wherein, a melting point of the
auxiliary metal region is higher than a melting point of the
solder point.

10. The manufacturing method of the LED substrate
according to claim 8, wherein, the auxiliary metal region
comprises a rectangle, a circle, or multiple dispersed points.

11. The manufacturing method of the LED substrate
according to claim 5, wherein, on the receiving substrate,
each of the sub-pixel regions comprises a first electrode, and
the first electrode is electrically connected with a drain
electrode of a thin film transistor on the receiving substrate.

12. The manufacturing method of the LED substrate
according to claim 11, further comprising: performing a heat
treatment after the LED units are transferred onto the
receiving substrate, so that the at least one of the LED units
within each of the sub-pixel regions is electrically connected
with the first electrode, to be further electrically connected
with the drain electrode of the thin film transistor.

13. The manufacturing method of the LED substrate
according to claim 4, wherein, each of the sub-pixel regions
of the receiving substrate is provided with a reflective layer.
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14. The manufacturing method of the LED substrate
according to claim 1, further comprising: pressurizing the
LED units transferred onto the receiving substrate with a
pressurizing substrate, after the LED units are transferred
onto the receiving substrate.

15. The manufacturing method of the LED substrate
according to claim 1, further comprising: forming a pla-
narization layer on the receiving substrate, after the LED
units are transferred onto the receiving substrate, and pat-
terning the planarization layer to expose each of the LED
units, so as to form a patterned planarization layer.

16. The manufacturing method of the LED substrate
according to claim 1, wherein, each of the LED units
comprises a light-emitting stacked layer, a current dispersion
layer and a bonding layer; the current dispersion layer is
configured to disperse current, and the bonding layer is
configured to be in contact with the receiving substrate.

17. The manufacturing method of the LED substrate
according to claim 15, further comprising: after forming the
patterned planarization layer, forming a second electrode for
each of the LED units.

18. The manufacturing method of the LED substrate
according to claim 17, further comprising: forming an
insulating protective layer located on the second electrode.

19. An LED substrate, formed by using the method
according to claim 1.

20. A display device, comprising the LED substrate
according to claim 19.
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