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TRANSFERRING METHOD,
MANUFACTURING METHOD, DEVICE AND
ELECTRONIC APPARATUS OF MICRO-LED

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a U.S. national phase under the pro-
visions of 35 U.S.C. § 371 of International Patent Applica-
tion No. PCT/CN2015/083990 filed Jul. 14, 2015. The
disclosure of such international patent application is hereby
incorporated herein by reference in its entirety, for all
purposes.

FIELD OF THE INVENTION

The present invention relates to Micro-Light Emitting
Diode (micro LED) array for display, and in particular, to a
method for transferring micro-LED, a method for manufac-
turing a micro-LED device, a micro-LED device and an
electronic apparatus containing a micro-LED device.

BACKGROUND OF THE INVENTION

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-LED will have a deep affection on the conventional
display products such as LCD/OLED that have already been
put into the market.

In the process of manufacturing micro-LEDs, micro-
LEDs are first formed on a donor wafer, and then the
micro-LEDs are transferred to a receiving substrate. The
receiving substrate is a display screen, for example.

One difficulty during manufacturing a micro-LED lies in
how to transfer a micro-LED from a donor wafer to a
receiving substrate. In the prior art, the transfer is generally
performed by means of electrostatic pick-up. A transfer head
array will be needed during the electrostatic pick-up. The
structure of the transfer head array is relatively complicated,
and the stability thereof shall be considered. An extra cost
shall be paid for manufacturing a transfer head array. A
phase change shall be made before pick-up with the transfer
head array. In addition, during manufacturing with a transfer
head array, limitations apply to the thermo budget of a
micro-LED for phase change, which is generally lower than
350° C., or more specifically, lower than 200° C.; otherwise,
the performance of the micro-LED will be degraded. It
generally requires two transfers during the manufacturing
with transfer head array, i.e., the transfer from a donor wafer
to a carrier wafer and the transfer from the carrier wafer to
a receiving substrate.

U.S. Pat. No. 8,333,860B1 discloses an array of transfer
heads for transferring micro devices, in which a voltage is
applied to the electrode in the transfer head to pick-up a
micro device. This patent is fully incorporated hereby as
reference herein.

U.S. Pat. No. 8,426,227B1 discloses a method of forming
a micro light emitting diode array, in which a micro-LED
array is transferred to a receiving substrate by using a
transfer head array. This patent is fully incorporated hereby
as reference herein.

SUMMARY OF THE INVENTION

One object of this invention is to provide a new technical
solution for transferring a micro-LED.
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According to an embodiment of the present invention,
there is provided a method for transferring micro-LED,
comprising: forming micro-LEDs on a laser-transparent
original substrate, wherein the micro-LEDs are lateral
micro-LEDs whose P electrodes and N electrodes are
located on one side; bringing the P electrodes and N elec-
trodes of the lateral micro-LEDs into contact with pads
preset on a receiving substrate; and irradiating the original
substrate with laser from the original substrate side to lift-off
the lateral micro-LEDs from the original substrate.

Preferably, the method further comprises: providing an
anisotropic conductive layer on a receiving substrate. Pref-
erably, the P electrodes and N electrodes of the lateral
micro-LEDs are brought into contact with pads preset on a
receiving substrate via the anisotropic conductive layer.
Preferably, the method further comprises: processing the
anisotropic conductive layer, to electrically connect the P
electrodes and N electrodes of the lateral micro-LEDs with
the pads on the receiving substrate.

Preferably, the anisotropic conductive layer is at least one
of an anisotropic conductive film, an anisotropic conductive
paste and an anisotropic conductive tape.

Preferably, the P electrodes and N electrodes of the lateral
micro-LEDs are brought into contact with pads preset on a
receiving substrate by means of an action of gravity.

Preferably, the P electrodes and N electrodes of the lateral
micro-LEDs are brought into contact with pads preset on a
receiving substrate by means of an action of electrostatic
force.

Preferably, the electrostatic force is applied by applying
voltage to the pads.

Preferably, the lateral micro-LEDs contain magnetic sub-
stance, and the P electrodes and N electrodes of the lateral
micro-LEDs are brought into contact with pads preset on a
receiving substrate by means of an action of electromagnetic
force.

Preferably, the P electrodes and N electrodes of the lateral
micro-LEDs include solder bumps, and the method further
comprises: bonding the solder bumps with the pads.

According to another embodiment of the present inven-
tion, there is provided a method for manufacturing a micro-
LED device, comprising transferring lateral micro-LEDs to
a receiving substrate by using the method according to the
present invention.

According to another embodiment of the present inven-
tion, there is provided a micro-LED device, which is manu-
factured by using the method according to the present
invention.

According to another embodiment of the present inven-
tion, there is provided an electronic apparatus, containing a
micro-LED device according to the present invention.

In addition, it should be understood by a person skilled in
the art that, although a lot of problems exist in the prior art,
the solution of each embodiment or each claim could just
improve in one or several aspects, and it is not necessary for
it to solve all the technical problems listed in the Back-
ground of the Invention or in the prior art. Tt should be
understood by a person skilled in the art that content which
is not mentioned in a claim should not be regarded as a
limitation to said claim.

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 drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
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ments of the invention and, together with the description
thereof, serve to explain the principles of the invention.

FIG. 1 shows a flow chart of an illustrative embodiment
of the method according to the present invention.

FIG. 2A to 2G shows an example for transferring a
micro-LED according to the present invention.

FIG. 3 shows a flow chart of another illustrative embodi-
ment of the method according to the present invention.

FIGS. 4A to 4L show another example for transferring a
micro-LED according to the present invention.

FIG. 5 shows a flow chart of still another illustrative
embodiment of the method according to the present inven-
tion.

FIGS. 6A to 6F show an example for transferring red
micro-LEDs according to the present invention.

FIGS. 7A to 7L show still another example for transfer-
ring a micro-LED according to the present invention.

FIG. 8 shows still an example for transferring a lateral
micro-LED according to the present invention.

FIG. 9 shows still another example for transferring a
lateral micro-LED according to the present invention.

FIG. 10 shows a flow chart of still another illustrative
embodiment of the method according to the present inven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Various exemplary embodiments of the present invention
will now be described in detail with reference to the draw-
ings. It should be noted that the relative arrangement of the
components and steps, the numerical expressions, and
numerical values set forth in these embodiments do not limit
the scope of the present invention unless it is specifically
stated otherwise.

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.

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.

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.

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.

Embodiments and examples of the present invention will
be described below with reference to the drawings.

FIG. 1 shows a flow chart of an illustrative embodiment
of the method for transfer micro-LED according to the
present invention.

As shown in FIG. 1, at step S1100, a micro-LED is formed
on a laser-transparent original substrate.

The laser-transparent original substrate can be a sapphire
substrate, SiC substrate and so on, for example. The micro-
LED can be used for being mounted on a display screen
panel.

It should be understood by a person skilled in the art that
one micro-LED could be formed on the original substrate, or
a plurality of micro-LED could be formed on the original
substrate. For example, a plurality of micro-LEDs can be
formed on the laser-transparent original substrate. The plu-
rality of micro-LEDs can form an array.
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In an example, in a case where a plurality of micro-LEDs
are formed on the laser-transparent original substrate, the
original substrate can be singulated or divided into multiple
pieces for more flexible transferring.

At step S1200. the micro-LED is brought into contact
with a pad preset on a receiving substrate.

For example, the receiving substrate is a display screen
panel.

For example, the pad can be set for red pixel array, yellow
pixel array or blue pixel array.

In an example, in a case where a plurality of micro-LED
are formed, at least one micro-LED of the plurality of
micro-LEDs can be brought into contact with at least one
pad preset on the receiving substrate. The at least one
micro-LED could be one, several or all of the plurality of
micro-LEDs. It should be understood by a person skilled in
the art that, although it is just described here that at least one
micro-LED, which is expected to be lifted-off, is in contact
with a pad, a remaining micro-LED of the plurality of
micro-LEDs can also be in contact with a pad.

For example, in the step of contact (S1200), the micro-
LED can be brought into contact with the pad preset on the
receiving substrate via a liquid thin film. For example, the
liquid thin film can include flux. Herein, the lift-off of a
micro-LED will be easy through the surface tension force of
the liquid thin film (flux), and the successful rate is high.

At step S1300, the original substrate is irradiated with
laser from the original substrate side to lift-off' the micro-
LED from the original substrate.

In an example, in a case where at least one micro-LED is
in contact with pad, at least one area on the original substrate
can be irradiated with laser from the original substrate side
to lift-off the at least one micro-LED from the original
substrate. For example, a technician can select the at least
one area. For example, the at least one area corresponds to
the at least micro-LED, respectively. The at least one area
can be just partial area on the original substrate, or can be the
whole area.

In another example, the original substrate can be offset for
transferring additional micro-LEDs.

In another example, after the transferring using the origi-
nal substrate, an additional laser-transparent backup sub-
strate can be used to cope with a situation in which micro-
LEDs are missing at some points on the display screen
panel. For example, a micro-LED can be formed on an
additional laser-transparent backup substrate; the micro-
LED on the backup substrate is brought into contact with a
pad preset on a receiving substrate; and the backup substrate
is irradiated with laser from the backup substrate side to
lift-off the micro-LED from the backup substrate. In such a
way, the quality of a display screen can further be improved.

An array of micro-LEDs can be formed on the receiving
substrate after the transferring of micro-LEDs to the receiv-
ing substrate.

After the transferring of micro-LEDs to the receiving
substrate, the present invention can further include subse-
quent steps.

For example, the lifted-off micro-LEDs can be reflow-
soldered on the receiving substrate. A negative electrode can
be deposited on the micro-LEDs. The reflow-soldering can
be performed after micro-LEDs of each color are trans-
ferred. Alternatively, the reflow-soldering can be performed
after micro-LEDs of all colors are transferred.

In addition, the soldered micro-LED can be filled with
polymer. For example, a confocal dielectric deposition can
be used instead of polymer filling.
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In another embodiment, the present invention further
includes a method for manufacturing a micro-LED device.
The manufacturing method comprises transferring a micro-
LED to a receiving substrate by using the method for
transferring a micro-LED according to the present invention.

In another embodiment, the present invention further
includes a micro-LED device, such as a display screen
device. The micro-LED device can be manufactured by
using the method for manufacturing a micro-LED device
according to the present invention.

In comparison with the prior art, under the similar con-
ditions, the micro-LED manufactured by using the solution
of the present invention is relatively simple and reliable
while maintaining a high quality, and the through put thereof
is relatively high with low cost.

In another embodiment, the present invention further
includes an electronic apparatus. The electronic apparatus
contains a micro-LED device according to the present
invention. For example, the electronic apparatus can be a
mobile phone, a pad computer and so on.

In the solution of the present invention, a micro-LED is
formed directly on the original substrate and it is transferred
to a receiving substrate by means of laser lift-off. The
solution of this invention has not been conceived by the prior
art.

In addition, the micro-LED can be selectively transferred
through the present invention.

In addition, in the solution of the present invention, the
transfer can be performed only once while two transfers are
needed in the prior art.

In addition, in comparison with the prior art, the solution
of the present invention is relatively efficient, the cost is
relatively low and product performance degrade due to an
extra thermal budget will not occur.

In addition, in comparison with the prior art using a
pick-up head, the present invention does not need a com-
plicated pick-up system, and thus the cost of product manu-
factured using the present invention will relatively low and
reliable.

In addition, since it does not need the temporary bonding
in the prior art between the micro-LED and the intermediate
carrier substrate, the cost can be further decreased by this
invention.

Since it is not necessary to consider the phase change of
bonding layer considered in the prior art using pick-up head,
the manufacturing method of the present invention can have
a relatively high through put and the extra thermal load
limitation will be less. Consequently, under the similar
conditions, the manufactured micro-LED will have a higher
performance.

An example for transferring a micro-LED according to
the present invention will be described below with reference
to FIGS. 2A to 2G.

As shown in FIG. 2A, micro-LEDs 2 are formed on a
laser-transparent original substrate 1 such as sapphire sub-
strate. The micro-LEDs 2 have a vertical micro-LED struc-
ture, for example. The micro-LEDs 2 contains, for example,
a n-doped GaN layer, a multiple quantum well structure, a
p-doped GaN layer, a p metal electrode, a bump, and so on.

As shown in FIG. 24, the plurality of micro-LEDs 2 can
be singulated.

As shown in FIG. 2B, the original substrate 1 is flipped
over, and is aligned with a receiving substrate 4 with liquid
thin film (for example, containing flux) 5. The micro bumps
on the micro-LEDs are in contact with the flux. Pads 3 are
preset on the receiving substrate 4. For example, the pads 3
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6

include pad 3r for receiving red micro-LED, pad 34 for
receiving blue micro-LED and pad 3g for receiving green
micro-LED.

As shown in FIG. 2C, partial areas 7 on the original
substrate are selectively irradiated with laser 7, to lift off the
selected micro-LEDs 2a, 26 of the plurality of formed
micro-LEDs from the original substrate.

As shown in FIG. 2D, the original substrate 1 is lifted up.
Because of the function of the surface tension force of the
liquid thin film, the selected micro-LEDs 24, 25 are lifted-off
easily, while the other micro-LEDs are remained on the
original substrate 1.

Then, the original substrate is moved and the operations
of FIGS. 2C to 2D are repeated, so that a plurality of
micro-LEDs are transferred to the receiving substrate.

As shown in FIG. 2E, the plurality of micro-LEDs are
transferred to the receiving substrate 4.

As shown in FIG. 2F, for example, the plurality of
micro-LEDs are soldered onto the receiving substrate
through reflow soldering. Then, the flux is cleaned.

As shown in FIG. 2G, the receiving substrate is filled with
polymer 8 and is sealed. Then, n-metal electrode 9 is
deposited, for example, using ITO material.

FIG. 3 shows a flow chart of another illustrative embodi-
ment of the method for transferring a micro-LED according
to the present invention.

As shown in FIG. 3, at step S2100, micro-LEDs are
formed on a laser-transparent original substrate.

At step S2200, an anisotropic conductive layer is pro-
vided on a receiving substrate.

For example, the anisotropic conductive layer is at least
one of an anisotropic conductive film (ACF), an anisotropic
conductive paste (ACP) and an anisotropic conductive tape
(ACT).

At step 52300, the micro-LEDs are brought into contact
with the anisotropic conductive layer on the receiving sub-
strate. For example, the micro-LEDs are adhered to the
anisotropic conductive layer on the receiving substrate. At
this step, the micro-LEDs can be aligned with the receiving
substrate in advance, for example.

At step S2400, the original substrate is irradiated with
laser from the original substrate side to lift-off the micro-
LEDs from the original substrate.

For example, the above steps can be performed with
respect to red micro-LEDs, green micro-LEDs and blue
micro-LEDs, respectively. Since the transfer with respect to
the three micro-LEDs can be regarded as a simple repeat of
the above steps, they are not repeated here. As long as each
of the above steps is performed in a solution, the solution
will be covered by this invention.

At step S2500, the anisotropic conductive layer is pro-
cessed to electrically connect the micro-LEDs (its elec-
trodes) with the pads on the receiving substrate.

In an example, pressure can be applied on the anisotropic
conductive layer from the micro-LED side by using an
auxiliary substrate. For example, the temperature of pro-
cessing the anisotropic conductive layer can be between
150° C. and 200° C. For example, the applied pressure is
between 1 MPa and 4 MPa. For example, the time period of
applying pressure is between 10 second and 30 second.

In an example, the auxiliary substrate can be a flat rigid
substrate. The inventors of the present application have
found that the possible displacement of the micro-LEDs can
be reduced by using a rigid substrate. This point has not
noticed by a person skilled in the art.

For example, the surface of the auxiliary substrate can be
coated with temporary bonding polymer. In this situation,
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the step S2500 can further comprises: bonding the auxiliary
substrate with the anisotropic conductive layer via the
temporary bonding polymer; and after applying pressure,
de-bonding the auxiliary substrate via the temporary bond-
ing polymer, to remove the auxiliary substrate. The advan-
tage of temporarily bonding the auxiliary substrate with the
anisotropic conductive layer lies in that, the positions of the
micro-LEDs can be relatively fixed, and the displacement of
micro-LEDs during processing the anisotropic conductive
layer is reduced.

After the above processes, normal subsequent processes
can be done on the micro-LEDs. For example, the subse-
quent processes include: etching the temporary bonding
polymer, to expose the epitaxial layers of the micro-LEDs;
forming N-metal electrodes on the epitaxial layers of the
micro-LEDs; and performing encapsulation on the N-metal
electrodes.

For example, the receiving substrate can be a display
substrate. Leads and pads can be set on the receiving
substrate in advance, to be electronically connected with the
micro-LEDs.

In this embodiment, the micro-LEDs and the receiving
substrate are connected through an anisotropic conductive
layer. This approach of processing is relatively simple and is
more suitable for production in large bulk.

In another embodiment, the present invention further
provides a method for manufacturing a micro-LED device.
The manufacturing method comprises transferring micro-
LED:s to a receiving substrate by using the method according
to the present invention. For example, the receiving sub-
strate is a display screen or display substrate. The micro-
LED device is a display device, for example.

In another embodiment, the present invention further
provides a micro-LED device, such as a display device. The
micro-LED device can be manufactured by using the
method for manufacturing a micro-LED device according to
the present invention. In the micro-LED device according to
the embodiment, the micro-LEDs come into electronic con-
tact with the pads on the receiving substrate via the aniso-
tropic conductive layer, which is different from the micro-
LED device in the prior art.

In another embodiment, the present invention further
provides an electronic apparatus. The electronic apparatus
contains a micro-LED device according to the embodiment.
For example, the electronic apparatus can be a mobile
phone, a pad and so on.

FIG. 4A to 4L shows another example for transferring a
micro-LED according to the present invention.

As shown in FIG. 4A, an original substrate 201 such as a
sapphire substrate has red micro-LEDs 202 thereon. The
receiving substrate 204 such as display substrate has an
anisotropic conductive film (ACF) 203 thereon. The receiv-
ing substrate 204 has signal leads 205 and pads 205" for
connecting micro-LEDs.

As shown in FIG. 4B, the original substrate 201 (red
micro-LED 202) is brought into contact with the anisotropic
conductive film 203 with a light force. For example, the red
micro-LEDs 202 to be transferred can be aligned with the
pads on the receiving substrate 204. The original substrate
201 is irradiated with laser 206, to selectively lifi-off red
micro-LEDs.

FIG. 4C shows lifted-off red micro-LEDs 202r.

FIG. 4D shows an original substrate 207 and the green
micro-LEDs 208 thereof. The green micro-LEDs to be
lifted-off are aligned with the pads on the receiving substrate
204.
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FIG. 4E shows the situation in which the green micro-
LEDs 208 are in contact with the anisotropic conductive film
203 with a light force. At least one green micro-LED is
selectively lifted-off by using laser 209.

FIG. 4F shows lifted-off red micro-L.EDs 2027 and green
micro-LEDs 208g.

FIG. 4G shows an original substrate 210 and the blue
micro-LEDs 211 thereof. The blue micro-LEDs to be lifted-
off are aligned with the pads on the receiving substrate 204.

FIG. 4H shows the situation in which the blue micro-
LEDs 211 are in contact with the anisotropic conductive film
203 with a light force. At least one blue micro-LED is
selectively lifted-off by using laser 212.

FIG. 4F shows lifted-off red micro-LEDs 2027, green
micro-LEDs 208¢ and blue micro-LEDs 2114.

After the transfer of micro-LEDs in the three colors, an
inspection and repair can be performed with respect to any
defect.

FIG. 4] shows an auxiliary substrate 213. The auxiliary
substrate 213 is a flat rigid substrate, such a glass substrate.
Polymer 214 such as 3M LC5200/5320 is coated on the
auxiliary substrate 213. The polymer can be cured through
UV and can be de-bonded through red laser.

In FIG. 4K, the ACF 203 is processed through the
auxiliary substrate 213. For example, the processing condi-
tion is that the temperature is be between 150° C. and 200°
C., the applied pressure is between 1 MPa and 4 MPa, the
time period of applying pressure is between 10 second and
30 second. Through these processes, the ACF 203 intercon-
nects the micro-LEDs with corresponding pad in the vertical
direction.

Then, the auxiliary substrate 213 is de-bonded (through
the polymer 214).

In FIG. 4L, the normal subsequent processes are per-
formed: etching the polymer 214, to expose the epitaxial
layers of the micro-LEDs; forming N-metal electrodes 215
(for example, ITO electrodes) on the epitaxial layers of the
micro-LEDs; and performing encapsulation 216 on the
N-metal electrodes (for example, PET lamination).

FIG. 5 shows a flow chart of still another illustrative
embodiment of the method for transferring a micro-LED
according to the present invention.

As shown in FIG. 5, at step S3100, at least one micro-
LED is transferred from an original substrate to a support
body. For example, the original substrate is laser-transpar-
ent.

In an example, this step can comprises: mounting the
original substrate onto the support body, wherein the micro-
LEDs are formed on the original substrate, the support body
has light-release adhesive on its surface, and the micro-
LEDs are adhered to the support body via the light-release
adhesive; irradiating the original substrate with laser from
the original substrate side, for lifting-off the at least one
micro-LED from the original substrate, and irradiating light
from the support body side, to release un-lifted-off micro-
LED:s. In this example, the support body is transparent.

For example, the light-release adhesive can be a UV tape.
For example, the support body is stiff. The displacement of
micro-LEDs during transfer will have affect on the quality of
the final product. The inventors of this application have
found that this displacement can be reduced by using a stiff
support body. This point has not been noticed by a person
skilled in the art. For example, the material of the support
body can be PET.

Generally, it is difficult to form red micro-LEDs on a
laser-transparent substrate such as a sapphire substrate.
Accordingly, in an example, the red micro-LEDs are formed
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in advance and then are transferred to an original substrate,
for being finally transferred to a receiving substrate. For
example, in this embodiment, red micro-LEDs can be
formed on a growth substrate. Then, the red micro-LEDs are
transferred to an intermediate substrate. After that, the red
micro-LEDs are transferred from the intermediate substrate
to the original substrate.

At step S3200, the at least one micro-LED are transferred
from the support body to a backup substrate.

For example, the backup substrate has elastomer or poly-
mer on its surface. For example, the at least one micro-LED
are bonded to the backup substrate through the elastomer or
polymer.

In an example, this step can further comprises: bonding
the support body with the at least one micro-LED to the
backup substrate, and irradiating light from the support body
side, to release the at least one micro-LED.

At step S3300, the at least one micro-LED are transferred
from the backup substrate to a receiving substrate.

In an example, the step can further comprise: aligning the
at least one micro-LED with the pads on the receiving
substrate; and lifting-off the at least one micro-LED via the
elastomer or polymer.

For example, the above transfer steps can be performed
with respect to red micro-LEDs, blue micro-LEDs and greed
micro-LEDs, respectively. They will not be repeatedly
described here.

After the above processes, normal subsequent processes
can be done on the micro-LEDs. For example, the subse-
quent processes include: coating polymer on the receiving
substrate with micro-LEDs; curing the polymer; etching the
polymer, to expose the epitaxial layers of the micro-LEDs;
forming N-metal electrodes on the epitaxial layers of the
micro-LEDs; and performing encapsulation on the N-metal
electrodes.

The inventors of this invention have found that during the
transfer of micro-LEDs, usually, only part of the micro-
LEDs on the original substrate are transferred. If the micro-
LEDs are directly transferred to a receiving substrate, the
remaining micro-LEDs on the original substrate are often
contaminated. In this embodiment, this contamination can
be reduced through the transfer via an intermediate support
body.

In another embodiment, the present invention further
provides a method for manufacturing a micro-LED device.
The manufacturing method comprises transferring micro-
LEDs to a receiving substrate by using the method for
transferring micro-LEDs according to this embodiment. For
example, the receiving substrate is a display screen or
display substrate. The micro-LED device is a display device,
for example.

In another embodiment, the present invention further
provides a micro-LED device, such as a display device. The
micro-LED device can be manufactured by using the
method for manufacturing a micro-LED device according to
said embodiment.

In another embodiment, the present invention further
provides an electronic apparatus. The electronic apparatus
contains a micro-LED device according to the embodiment.
For example, the electronic apparatus can be a mobile
phone, a pad and so on.

Generally, red micro-LEDs cannot be directly formed on
a laser-transparent original substrate such as sapphire sub-
strate. Thus, it is required that red micro-LEDs are formed
on an additional substrate in advance, and then are trans-
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ferred to a sapphire substrate. FIG. 6A to 6F shows an
example for transferring red micro-LEDs according to the
present invention.

As shown in FIG. 6A, red micro-LEDs 302 are formed on
a growth substrate 301 such as GaAs substrate.

As shown in FIG. 6B, the red micro-LEDs 302 are bonded
with intermediate substrate 304 such as silicon substrate,
through temporary bonding polymer 303. The polymer 303
is a thermal release tape (TRT), for example.

As shown in FIG. 6C, the growth substrate 301 is
removed by a wet etching method, for example.

As shown in FIG. 6D, a light resist 305 is coated on an
original substrate 306 such as sapphire substrate. The origi-
nal substrate 306 and the red micro-LEDs 302 are bonded
through the resist 305. The resist 305 can endure the
temperature above 200° C.; generally above 250° C.

As shown in FIG. 6E, the polymer 303 is processed under
a temperature less than 200° C., to remove the intermediate
substrate 304.

As shown in FIG. 6F, an O2 plasma etching is performed
on the resist 305, to isolate the respective red micro-LEDs
302.

FIG. TAto 7L shows still another example for transferring
a micro-LED according to the present invention.

As shown in FIG. 7A, the original substrate 406 has resist
405 and red micro-LEDs 402 thereon. The red micro-LEDs
402 are mounted onto a UV tape 411. The UV tape 411 is
located on a stiff PET support body 402. The red micro-
LEDs are selectively lifted-off through laser 413.

As shown in FIG. 7B, an ultraviolet is irradiated from the
support body 412 side, to release un-lifted-off red micro-
LEDs.

The lifted-off red micro-LEDs 402~ are easily separated
from the original substrate 406. As shown in FIG. 7C, the
lifted-off red micro-LEDs 402 are adhered on the UV tape
411, while other red micro-LEDs remain on the original
substrate 406.

As shown in FIG. 7D, the backup substrate 415 such as
glass substrate has elastomer/polymer 416 thereon. For
example, the elastomer/polymer 416 is coated on the backup
substrate 415 through spin coating. For example, the elas-
tomer/polymer 416 is PDMS or 3M LC 5320, and can be
cured through ultraviolet, for example.

As shown in FIG. 7E, the support body is fully irradiated
with ultraviolet, to release the red micro-LEDs and elasto-
mer/polymer 416.

After that, for example, if the micro-LEDs do not have
bumps thereon, the micro-LEDs on the backup substrate 415
can be screen-printed using silver paste.

As shown in 7F, the red micro-LEDs on the backup
substrate 415 are aligned with the pads 419 on the receiving
substrate 417. For example, the receiving substrate is a
display substrate, and includes signal leads 418. For
example, the red micro-LEDs are bonded to the pads 419
through reflow. The temperature of reflow can be more than
260° C. Then, the backup substrate 415 is separated from the
receiving substrate 417 through laser lift-off.

FIG. 7G shows separated receiving substrate 417. The
receiving substrate 417 has pads 419 and red micro-LEDs
402r thereon.

FIG. 7TH shows a schematic diagram of transferring red
micro-LEDs 422¢g from a backup substrate 420 to the
receiving substrate 417. The backup substrate 420 has
elastomer/polymer 421.

FIG. 71 shows the separated receiving substrate 417. The
receiving substrate 417 has pads 419, red micro-LEDs 402~
and green micro-LEDs 402r thereon.
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FIG. 7] shows a schematic diagram of transferring blue
micro-LEDs 425b from a backup substrate 423 to the
receiving substrate 417. The backup substrate 423 has
elastomer/polymer 424.

FIG. 7K shows the separated receiving substrate 417. The
receiving substrate 417 has pads 419, red micro-LEDs 4027,
green micro-LEDs 4027 and blue micro-LEDs 4254 thereon.

In FIG. 7L, the normal subsequent processes are pet-
formed on the transferred micro-LEDs: coating polymer 426
on the receiving substrate with micro-LEDs; curing the
polymer 426; etching the polymer, to expose the epitaxial
layers of the micro-LEDs; forming N-metal electrodes 427
on the epitaxial layers of the micro-LEDs; and performing
encapsulation (not shown) on the N-metal electrodes.

The solution of the present invention can use both vertical
micro-LEDs and lateral micro-LEDs (flip-chip micro-
LEDs). The micro-LEDs of vertical structure shown in the
previous figures are illustrative and do not limit the scope of
the present invention. FIG. 8 shows an example of lateral
micro-LEDs.

In the example of FIG. 8, the micro-LEDs are lateral
micro-LEDs. In the lateral micro-LEDs, the P electrodes and
the N electrodes thereof are located on the same side. FIG.
8 shows a red lateral micro-LED 505, a green lateral
micro-LED 506 and a blue lateral micro-LED 507. The red
lateral micro-LED 505 contains a P electrode 505p (positive
electrode) and an N electrode 5057 (negative electrode). The
green lateral micro-LED 506 contains a P electrode 506p
and an N electrode 506126. The blue lateral micro-LED 507
contains a P electrode 507p and an N electrode 507x.

Lead structures (including pads) 515p, 515#, 516p, 516x,
517p, 517n are provided in the substrate 504. The lead
structures 515p, 516p, 517p are for connection with positive
electrodes. The lead structures 5151, 516n, 517n are for
connection with negative electrodes.

In the example of FIG. 8, the electrodes 505p, 5057, 506p,
506n, 507p, 507n are connected to the lead structures 515p,
515n, 516p, 5161, 517p, 517x via an anisotropic conductive
layer 503.

Polymer 502 can be coated between the lateral micro-
LEDs. A transparent cover 501 can be provided over the
lateral micro-LEDs.

FIG. 9 shows another example of lateral micro-L.EDs. The
difference between the example of FIG. 9 and that of FIG.
8 lies in that in FIG. 9, the lateral micro-LEDs are connected
to the substrate via solder rather than an anisotropic con-
ductive layer.

FIG. 9 shows a red lateral micro-LED 605, a green lateral
micro-LED 606 and a blue lateral micro-LED 607. The red
lateral micro-LED 605 contains a P electrode 605p and an N
electrode 6057. The green lateral micro-LED 606 contains a
P electrode 606p and an N electrode 606». The blue lateral
micro-LED 607 contains a P electrode 607p and an N
electrode 607x.

Lead structures (including pads) 615p, 615#, 616p, 616x,
617p, 617 are provided in the substrate 604. The lead
structures 615p, 616p, 617p are for connection with positive
electrodes. The lead structures 6151, 616x, 617 are for
connection with negative electrodes.

In the example of FIG. 9, the electrodes 605p, 605%, 606p,
6067, 607p, 607x include solder bumps 602, for example.
The solder bumps 602 are coated with flux, for example. The
electrodes 605p, 605%, 606p, 6061, 607p, 6071 are bonded
to the lead structures 615p, 6151, 616p, 6161, 617p, 617x,
for example, through reflow-soldering, respectively.

For example, polymer 603 can filled between the lateral
micro-LEDs and the substrate 604. A transparent cover 601
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can be provided over the lateral micro-LEDs. These pro-
cesses are well-known in the art and thus are not described
in detail here.

Therefore, for example, the present invention can further
include the specific application of lateral micro-LEDs. More
specifically, the present invention further provides a method
for transferring micro-LED. The method comprises: forming
micro-LEDs on a laser-transparent original substrate,
wherein the micro-LEDs are lateral micro-LEDs whose P
electrodes and N electrodes are located on one side; bringing
the P electrodes and N electrodes of the lateral micro-LEDs
into contact with pads preset on a receiving substrate; and
irradiating the original substrate with laser from the original
substrate side to lift-off the lateral micro-LEDs from the
original substrate.

A technical effect of using lateral micro-LEDs lies in that
the processing for N metal electrode after the micro-LED
transfer can be omitted. Furthermore, the wafer-level color-
binning/testing can be simplified because the P electrodes
and N electrodes already exist when a test at wafer-level is
performed.

Furthermore, for example, in this method, an anisotropic
conductive layer can be provided on a receiving substrate so
as to bring the P electrodes and N electrodes of the lateral
micro-LEDs into contact with the pads through the aniso-
tropic conductive layer. Then, after lifting-off the lateral
micro-LEDs from the original substrate, the anisotropic
conductive layer is processed to electrically connect the P
electrodes and N electrodes of the lateral micro-LEDs with
the pads on the receiving substrate.

For example, the anisotropic conductive layer can be at
least one of an anisotropic conductive film, an anisotropic
conductive paste and an anisotropic conductive tape.

In addition to bringing the P electrodes and N electrodes
of the lateral micro-LEDs into contact with pads preset on a
receiving substrate by the stickiness of an anisotropic con-
ductive layer or by the surface tension of liquid (such as
flux), the present invention can further realize the contact by
actions of gravity, electrostatic force and/or electromagnetic
force.

For example, when the original substrate is irradiated with
laser from the original substrate side, the lateral micro-LEDs
are separated from the original substrate and the lateral
micro-LEDs are dropped off onto the receiving substrate
because of gravity.

For example, electrostatic force can be applied by apply-
ing voltage to the pads, so that the lateral micro-LEDs are
dropped off onto the receiving substrate after being lifted-off
from the original substrate because of the electrostatic force.

For example, in case that the lateral micro-LEDs contains
magnetic substance such as Ni, a magnetic field can be
provided, so that the lateral micro-LEDs are dropped off
onto the receiving substrate after being lifted-off from the
original substrate because of the electromagnetic force.

Similarly, the transfer method in the example of using
lateral micro-LEDs can be applied to a method for manu-
facturing a micro-LED device for transferring the lateral
micro-LEDs onto a receiving substrate. For example, the
receiving substrate is a display screen or display substrate.
The micro-LED device is a display device, for example.

For example, a micro-LED device, such as a display
device, can be manufactured by using the manufacturing
method. The micro-LED device adopts lateral micro-LEDs.

For example, the present invention further provides an
electronic apparatus. The electronic apparatus contains the
micro-LED device. For example, the electronic apparatus
can be a mobile phone, a pad and so on.



US 10,141,287 B2

13

FIG. 10 shows a flow chart of a method for transferring
micro-LEDs by means of a contactless action according to
the present invention.

As shown in FIG. 10, in the method for transferring
micro-LEDs, at step S4100, micro-LEDs are formed on a
laser-transparent original substrate.

The micro-LEDs can be lateral micro-LEDs or can be
micro-LEDs of vertical structure. In a lateral micro-LED,
the P electrodes and N electrodes thereof are located on one
same side. In a micro-LED of vertical structure, the P
electrodes and N electrodes thereof are located on opposite
sides.

At step S4200, the original substrate is irradiated with
laser from the original substrate side to lift-off the micro-
LEDs from the original substrate.

At step S4300, the micro-LEDs are brought into contact
with pads preset on a receiving substrate through an action
of contactless action.

The contactless action means that the action per se can be
applied without the direct contact of objects. For example,
the contactless action can be applied by means of a field.
This is different from the action applied through the sticki-
ness of an anisotropic conductive layer or by the surface
tension of liquid (such as flux). It should be understand that
although the contactless action per se can be applied without
the direct contact of objects, the direct contact of objects can
be kept through the contactless action. For example, several
example of the contactless action are given as below.

For example, the contactless action is gravity. The micro-
LEDs are placed over the receiving substrate. When the
lift-off is performed, the micro-LEDs are dropped off on the
receiving substrate and are left on the receiving substrate.

For example, the contactless action is electrostatic force.
The electrostatic force can be applied by applying voltage to
the pads.

For example, the contactless action is electromagnetic
force. In case that the micro-LEDs contains magnetic sub-
stance, a magnetic field can be provided by means of a
magnet such as permanent magnet, so that the micro-LEDs
are dropped off and are left onto the receiving substrate after
being lifted-off from the original substrate because of the
electromagnetic force, thereby contacting with the pads
directly or indirectly.

In this embodiment, the micro-LEDs are attached onto the
receiving substrate via a contactless manner, which is not
conceived by a person skilled in the art.

For example, the electrodes of the micro-LEDs include
solder bumps. The solder bumps are bonded with the pads,
for example, through reflow-soldering and so on.

The order of steps in FIG. 10 will not constitute any
limitation o the present invention. For example, although the
step S4200 are shown in front of the step S4030, the action
of gravity, the action of electrostatic force or the action of
electromagnetic force can be applied before the step S4200
or at the time when performing the step S4200. In another
word, for example, the step S4300 can be performed before
the step S4200 or simultaneously with the step S4200.

Similarly, the transfer method can be applied to a method
for manufacturing a micro-LED device for transferring the
micro-LEDs onto a receiving substrate. For example, the
receiving substrate is a display screen or display substrate.
The micro-LED device is a display device, for example.

For example, a micro-LED device, such as a display
device, can be manufactured by using the manufacturing
method.

For example, the present invention further provides an
electronic apparatus. The electronic apparatus contains the
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micro-LED device. For example, the electronic apparatus
can be a mobile phone, a pad and so on.

Although some specific embodiments of the present
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 illustrative but not
to limit the scope of the present invention. It should be
understood by a person skilled in the art that the above
embodiments can be modified without departing from the
scope and spirit of the present invention. The scope of the
present invention is defined by the attached claims.

What is claimed is:

1. A method for transferring micro-LED, comprising:

forming micro-LEDs on a laser-transparent original sub-

strate, wherein the micro-LEDs are lateral micro-LEDs
whose P electrodes and N electrodes are located on one
side;

bringing the P electrodes and the N electrodes of the

lateral micro-LEDs into contact with pads preset on a
receiving substrate; and

irradiating the original substrate with laser from an origi-

nal substrate side to lift-off the lateral micro-LEDs
from the original substrate;

wherein the lateral micro-LEDs contain magnetic sub-

stance, and the P electrodes and the N electrodes of the
lateral micro-LEDs are brought into contact with the
pads preset on the receiving substrate by means of an
action of electromagnetic force.

2. The method according to claim 1, further comprising:

providing an anisotropic conductive layer on the receiving

substrate;

wherein the P electrodes and the N electrodes of the lateral

micro-LEDs are brought into contact with the pads
preset on the receiving substrate via the anisotropic
conductive layer;

wherein the method further comprises: processing the

anisotropic conductive layer, to electrically connect the
P electrodes and the N electrodes of the lateral micro-
LEDs with the pads on the receiving substrate.

3. The method according to claim 2, wherein the aniso-
tropic conductive layer is at least one of an anisotropic
conductive film, an anisotropic conductive paste and an
anisotropic conductive tape.

4. The method according to claim 1, wherein the P
electrodes and the N electrodes of the lateral micro-LEDs
are brought into contact with the pads preset on the receiving
substrate by means of an action of gravity.

5. The method according to claim 1, wherein the P
electrodes and the N electrodes of the lateral micro-LEDs
are brought into contact with the pads preset on the receiving
substrate by means of an action of electrostatic force.

6. The method according to claim 5, wherein the electro-
static force is applied by applying voltage to the pads.

7. The method according to claim 1, wherein the P
electrodes and the N electrodes of the lateral micro-LEDs
include solder bumps, and the method further comprises:
bonding the solder bumps with the pads.

8. A method for manufacturing a micro-LED device,
comprising transferring lateral micro-LEDs to a receiving
substrate by using the method according to claim 1.

9. A micro-LED device, which is manufactured by using
the method according to claim 8.

10. An electronic apparatus, containing a micro-LED
device according to claim 9.
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