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Description
FIELD OF THE INVENTION

[0001] The present invention relates to Micro-Light
Emitting Diode (micro LED) array for display, and in par-
ticular, to a method for transferring micro-LED, a method
for manufacturing a micro-LED device, a micro-LED de-
vice and an electronic apparatus containing a micro-LED
device.

BACKGROUND OF THE INVENTION

[0002] The micro-LED technology refers to the LED
array of small size integrated on a substrate with high
density. Currently, the micro-LED technology is starting
development, 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.

[0003] 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.
[0004] 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 electro-
static 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, limita-
tions 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 perform-
ance of the micro-LED will be degraded. It generally re-
quires two transfers during the manufacturing with trans-
fer 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.

[0005] US patent 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.

[0006] US patentNo. 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.

[0007] PCT application publication No.
WO02014/163325 discloses a display device using sem-
iconductor light emitting device.

[0008] European application No. EP2704223A1 dis-
closes a light emitting device and method for manufac-
turing the same.
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[0009] US application publication No.
US2011/254029A1 discloses a LED module and method
for manufacturing the same.

[0010] PCT application publication No.
W0O2011/129313 discloses a method for manufacturing
light-emitting device.

SUMMARY OF THE INVENTION

[0011] One object of this invention is to provide a new
technical solution for transferring a micro-LED.

[0012] According to an embodiment of the present in-
vention, thereis provided a method for transferring micro-
LEDs, comprising: forming micro-LEDs on a laser-trans-
parent original substrate; providing an anisotropic con-
ductive layer on a receiving substrate; bringing the micro-
LEDs into contact with the anisotropic conductive layer
on the receiving substrate; irradiating the original sub-
strate with laser from the original substrate side to lift-off
the micro-LEDs from the original substrate; and process-
ing the anisotropic conductive layer, to electrically con-
nect the micro-LEDs with the pads on the receiving sub-
strate.

[0013] The step of processing the anisotropic conduc-
tive layer further comprises: applying pressure on the
anisotropic conductive layer from the micro-LED side by
using an auxiliary substrate.

[0014] Preferably, the temperature of processing the
anisotropic conductive layer is between 150°C and
200°C, the applied pressure is between 1 MPa and 4
MPa, and the time period of applying pressureis between
10 second and 30 second.

[0015] Preferably, the auxiliary substrate is a flat rigid
substrate.

[0016] The surface of the auxiliary substrate is coated
with temporary bonding polymer, and the step of process-
ing the anisotropic conductive layer comprises: bonding
the auxiliary substrate with the anisotropic conductive
layer via the temporary bonding polymer; and after ap-
plying pressure, de-bonding the auxiliary substrate via
the temporary bonding polymer, to remove the auxiliary
substrate.

[0017] Preferably, the method further comprises: etch-
ing the temporary bonding polymer, to expose the epi-
taxial layers of the micro-LEDs; forming N-metal elec-
trodes on the epitaxial layers of the micro-LEDs; and per-
forming encapsulation on the N-metal electrodes.
[0018] Preferably, the anisotropic conductive layer is
at least one of an anisotropic conductive film, an aniso-
tropic conductive paste and an anisotropic conductive
tape.

[0019] According to another embodiment of the
present invention, there is provided a method for manu-
facturing a micro-LED device, comprising transferring a
micro-LED to a receiving substrate by using the method
according to the present invention.

[0020] A micro-LED device is provided, which is man-
ufactured by using the method according to the present
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invention, wherein the micro-LEDs come into electronic
contact with the pads on the receiving substrate via the
anisotropic conductive layer.

[0021] An electronic apparatus, containing a micro-
LED device is also provided.

[0022] According to another embodiment not part of
the present invention, there is provided a method for
transferring micro-LED, comprising: transferring at least
one micro-LED from an original substrate to a support
body; transferring the at least one micro-LED from the
support body to a backup substrate; and transferring the
at least one micro-LED from the backup substrate to a
receiving substrate.

[0023] Preferably, the original substrate is laser-trans-
parent, and the step of transferring at least one micro-
LED from an original substrate to a support body com-
prises: 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 sub-
strate side, for lifting-off the at least one micro-LED from
the original substrate, and irradiating light from the sup-
port body side, to release un-lifted-off micro-LEDs;
wherein, the step of transferring the at least one micro-
LED from the support body to a backup substrate com-
prises: 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.

[0024] Preferably, the light-release adhesive is a UV
tape, and the support body is stiff.

[0025] Preferably, the material of the support body is
PET.
[0026] Preferably, the backup substrate has elastomer

or polymer on its surface, and the step of transferring the
atleast one micro-LED from the support body to a backup
substrate further comprises: bonding the at least one mi-
cro-LED to the backup substrate through the elastomer
or polymer; wherein the step of transferring the at least
one micro-LED from the backup substrate to a receiving
substrate further comprises: aligning the at least one mi-
cro-LED with the pads on the receiving substrate; and
lifting-off the at least one micro-LED via the elastomer or
polymer.

[0027] Preferably, the method further comprises: form-
ing red micro-LEDs on a growth substrate; transferring
the red micro-LEDs to an intermediate substrate; and
transferring the red micro-LEDs from the intermediate
substrate to an original substrate.

[0028] Preferably, the method further comprises: coat-
ing 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 elec-
trodes on the epitaxial layers of the micro-LEDs; and per-
forming encapsulation on the N-metal electrodes.
[0029] According to another embodiment not part of
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the presentinvention, there is provided a method for man-
ufacturing a micro-LED device, comprising transferring
micro-LEDs to a receiving substrate by using the method
according to the present invention.

[0030] According to another embodiment not part of
the present invention, there is provided a micro-LED de-
vice, which is manufactured by using the method accord-
ing to the present invention.

[0031] According to another embodiment not part of
the present invention, there is provided an electronic ap-
paratus, containing a micro-LED device.

[0032] Inaddition, 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
itis not necessary for it to solve all the technical problems
listed in the Background of the Invention or in the prior
art. It 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.

[0033] Further features of the present invention and
advantages thereof will become apparent from the fol-
lowing detailed description of exemplary embodiments
according to the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, illus-
trate embodiments related to the invention and, together
with the description thereof, serve to explain the princi-
ples of the invention.

Figure 1 shows a flow chart of an illustrative embod-
iment not part of the present invention.

Figure 2A to 2G shows an example for transferring
a micro-LED not part of the present invention.
Figure 3 shows a flow chart of another illustrative
embodiment of the method according to the present
invention.

Figure 4A to 4L shows an example for transferring
a micro-LED according to the present invention.
Figure 5 shows a flow chart of still another illustrative
embodiment not part of the present invention.
Figure 6A to 6F shows an example for transferring
red micro-LEDs not part of the present invention.
Figure 7Ato 7L shows stillanother example for trans-
ferring a micro-LED not part of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] Various exemplary embodiments will now be
described in detail with reference to the drawings. It
should be noted that the relative arrangement of the com-
ponents and steps, the numerical expressions, and nu-
merical values set forth in these embodiments do notlimit
the scope of the present invention unless it is specifically
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stated otherwise.

[0036] The following description of at least one exem-
plary embodiment is merely illustrative in nature and is
in no way intended to limit the invention, its application,
or uses.

[0037] 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 spec-
ification where appropriate.

[0038] 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 val-
ues.

[0039] Notice that similar reference numerals and let-
ters 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.
[0040] Embodiments and examples will be described
below with reference to the drawings.

[0041] Fig. 1 shows a flow chart of an illustrative em-
bodiment of a method for transfer micro-LED not part of
the present invention.

[0042] As shownin Fig. 1, atstep S1100, a micro-LED
is formed on a laser-transparent original substrate.
[0043] The laser-transparent original substrate can be
a sapphire substrate, SiC substrate and so on, for exam-
ple. The micro-LED can be used for being mounted on
a display screenpanel.

[0044] It should be understood by a person skilled in
the artthat 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 plurality of micro-LEDs can form an array.
[0045] 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 di-
vided into multiple pieces for more flexible transferring.
[0046] At step S1200, the micro-LED is brought into
contact with a pad preset on a receiving substrate.

[0047] Forexample,thereceiving substrateisadisplay
screen panel.
[0048] For example, the pad can be set for red pixel

array, yellow pixel array or blue pixel array.

[0049] 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 per-
son 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.

[0050] For example, in the step of contact (S 1200),
the micro-LED can be brought into contact with the pad
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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 success-
ful rate is high.

[0051] Atstep S1300, the original substrate is irradiat-
ed with laser from the original substrate side to lift-off the
micro-LED from the original substrate.

[0052] 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 techni-
cian 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.
[0053] In another example, the original substrate can
be offset for transferring additional micro-LEDs.

[0054] In another example, after the transferring using
the original substrate, an additional laser-transparent
backup substrate can be used to cope with a situation in
which micro-LEDs are missing at some points on the dis-
play screen panel. For example, a micro-LED can be
formed on an additional laser-transparent backup sub-
strate; 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.

[0055] An array of micro-LEDs can be formed on the
receiving substrate after the transferring of micro-LEDs
to the receiving substrate.

[0056] After the transferring of micro-LEDs to the re-
ceiving substrate, the present invention can further in-
clude subsequent steps.

[0057] 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 re-
flow-soldering can be performed after micro-LEDs of
each color are transferred. Alternatively, The reflow-sol-
dering can be performed after micro-LEDs of all colors
are transferred.

[0058] Inaddition, the soldered micro-LED can be filled
with polymer. For example, a confocal dielectric deposi-
tion can be used in stead of polymer filling.

[0059] In another embodiment, the present invention
further includes a method for manufacturing a micro-LED
device. The manufacturing method comprises transfer-
ring a micro-LED to a receiving substrate by using the
method for transferring a micro-LED according to the
present invention.

[0060] A micro-LED device such as a display screen
device can be manufactured by using the method for
manufacturing a micro-LED device according to the
present invention.

[0061] In comparison with the prior art, under the sim-
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ilar conditions, 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.

[0062] An electronic apparatus containing a micro-
LED device manufactured according to the present in-
vention can be for example, a mobile phone, a pad com-
puter and so on.

[0063] In the solution of the presentinvention, a micro-
LED is formed directly on the original substrate and it is
transferred to a receiving substrate by means of laser lift-
off.

[0064] In addition, the micro-LED can be selectively
transferred through the present invention.

[0065] In addition, in the solution of the present inven-
tion, the transfer can be performed only once while two
transfers are needed in the prior art.

[0066] 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.

[0067] Inaddition, in comparison with the prior art using
a pick-up head, the present invention does not need a
complicated pick-up system, and thus the cost of product
manufactured using the present invention will relatively
low and reliable.

[0068] Inaddition, 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.

[0069] 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 throughput and the
extra thermal load limitation will be less. Consequently,
under the similar conditions, the manufactured micro-
LED will have a higher performance.

[0070] An example for transferring a micro-LED not
part of the present invention will be described below with
reference to Figs. 2A to 2G.

[0071] As shown in Fig. 2A, micro-LEDs 2 are formed
on a laser-transparent original substrate 1 such as sap-
phire substrate. The micro-LEDs 2 have a vertical micro-
LED structure, 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.

[0072] Asshownin Fig. 2A, the plurality of micro-LEDs
2 can be singulated.

[0073] 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 include pad 3r for receiving red mi-
cro-LED, pad 3b for receiving blue micro-LED and pad
3g for receiving green micro-LED.

[0074] Asshownin Fig. 2C, partial areas 7 on the orig-
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inal substrate are selectively irradiated with laser 7, to lift
off the selected micro-LEDs 2a, 2b of the plurality of
formed micro-LEDs from the original substrate.

[0075] 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 2a,
2b are lifted-off easily, while the other micro-LEDs are
remained on the original substrate 1.

[0076] Then, the original substrate is moved and the
operations of Figs. 2C to 2D are repeated, so that a plu-
rality of micro-LEDs are transferred to the receiving sub-
strate.

[0077] AsshowninFig. 2E, the plurality of micro-LEDs
are transferred to the receiving substrate 4.

[0078] 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.
[0079] As shown in Fig. 2G, the receiving substrate is
filled with polymer 8 and is sealed. Then, n-metal elec-
trode 9 is deposited, for example, using ITO material.
[0080] Figure 3 shows a flow chart of another illustra-
tive embodiment of the method for transferring a micro-
LED according to the present invention.

[0081] As shown in Figure 3, at step S2100, micro-
LEDs are formed on a laser-transparent original sub-
strate.

[0082] At step S2200, an anisotropic conductive layer
is provided on a receiving substrate.

[0083] For example, the anisotropic conductive layer
is at least one of an anisotropic conductive film (ACF),
an anisotropic conductive paste (ACP) and an anisotrop-
ic conductive tape (ACT).

[0084] Atstep S2300, the micro-LEDs are brought into
contact with the anisotropic conductive layer on the re-
ceiving substrate. For example, the micro-LEDs are ad-
hered 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.
[0085] Atstep S2400, the original substrate is irradiat-
ed with laser from the original substrate side to lift-off the
micro-LEDs from the original substrate.

[0086] Forexample,the above stepscan 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 are performed
in asolution, the solution will be covered by this invention.
[0087] Atstep S2500, the anisotropic conductive layer
is processed to electrically connect the micro-LEDs (its
electrodes) with the pads on the receiving substrate.
[0088] 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 tempera-
ture of processing 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 sec-
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ond and 30 second.

[0089] In an example, the auxiliary substrate can be a
flat rigid substrate. The inventors of the present applica-
tion have found that the possible displacement of the
micro-LEDs can be reduced by using a rigid substrate.
This point have not noticed by a person skilled in the art.
[0090] The surface of the auxiliary substrate can be
coated with temporary bonding polymer. In this situation,
the step S2500 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
bonding polymer, to remove the auxiliary substrate. The
advantage of temporarily bonding the auxiliary substrate
with the anisotropic conductive layer lies in that, the po-
sitions of the micro-LEDs can be relatively fixed, and the
displacement of micro-LEDs during processing the ani-
sotropic conductive layer is reduced.

[0091] After the above processes, normal subsequent
processes can be done on the micro-LEDs. Forexample,
the subsequent processes include: etching the tempo-
rary bonding polymer, to expose the epitaxial layers of
the micro-LEDs; forming N-metal electrodes on the epi-
taxial layers of the micro-LEDs; and performing encap-
sulation on the N-metal electrodes.

[0092] For example, the receiving substrate can be a
display substrate. Leads and pads can be set on the re-
ceiving substrate in advance, to be electronically connect
with the micro-LEDs.

[0093] In this embodiment, the micro-LEDs and the re-
ceiving substrate are connected through a anisotropic
conductive layer. This approach of processing is relative-
ly simple and is more suitable for production in large bulk.
[0094] In another embodiment, the present invention
further provides amethod for manufacturing a micro-LED
device. The manufacturing method comprises transfer-
ring micro-LEDs to a receiving substrate by using the
method according to the presentinvention. For example,
the receiving substrate is a display screen or display sub-
strate. The micro-LED device is a display device, for ex-
ample.

[0095] A micro-LED device, such as a display device
can be provided. The micro-LED device can be manu-
factured by using the method for manufacturing a micro-
LED device according to the present invention. In the
micro-LED device the micro-LEDs come into electronic
contact with the pads on the receiving substrate via the
anisotropic conductive layer.

[0096] An electronic apparatus containing a micro-
LED device manufactured according to the embodiment
can be for example, a mobile phone, a pad and so on.
[0097] Figure 4A to 4L shows an example for transfer-
ring a micro-LED according to the present invention.
[0098] As shown in Figure 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 fiim (ACF) 203
thereon. The receiving substrate 204 has signal leads
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205 and pads 205’ for connecting micro-LEDs.

[0099] As shown in Figure 4B, the original substrate
201 (red micro-LED 202) is brought into contact with the
anisotropic conductive film 203 with a light force. For ex-
ample, 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 2086, to se-
lectively lift-off red micro-LEDs.

[0100] Figure4C shows lifted-off red micro-LEDs 202r.
[0101] Figure 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.

[0102] Figure4E shows the situationin which the green
micro-LEDs 208 are in contact with the anisotropic con-
ductive film 203 with a light force. At least one green
micro-LED is selectively lifted-off by using laser 209.
[0103] Figure 4F shows lifted-off red micro-LEDs 202r
and green micro-LEDs 208g.

[0104] Figure 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.

[0105] Figure 4H shows the situation in which the blue
micro-LEDs 211 are in contact with the anisotropic con-
ductive film 203 with a light force. Atleast one blue micro-
LED is selectively lifted-off by using laser 212.

[0106] Figure 4l shows lifted-off red micro-LEDs 202r,
green micro-LEDs 208g and blue micro-LEDs 211b.
[0107] After the transfer of micro-LEDs in the three
colors, an inspection and repair can be performed with
respect to any defect.

[0108] Figure4Jshows 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.

[0109] InFigure 4K, the ACF 203 is processed through
the auxiliary substrate 213. For example, the processing
condition is that the temperature is 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 interconnects the micro-LEDs with correspond-
ing pad in the vertical direction.

[0110] Then, the auxiliary substrate 213 is de-bonded
(through the polymer 214).

[0111] InFigure 4L, the normal subsequent processes
are performed: etching the polymer 214, to expose the
epitaxial layers of the micro-LEDs; forming N-metal elec-
trodes 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 lami-
nation).

[0112] Figure 5 shows a flow chart of still another illus-
trative embodiment of the method for transferring a mi-
cro-LED not part of the present invention.
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[0113] As shown in Figure 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-transparent.

[0114] In an example, this step can comprises: mount-
ing 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 sub-
strate with laser from the original substrate side, for lifting-
off the atleast one micro-LED from the original substrate,
and irradiating light from the support body side, to release
un-lifted-off micro-LEDs. In this example, the support
body is transparent.

[0115] Forexample, 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 af-
fect 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.

[0116] Generally, it is difficult to form red micro-LEDs
on a laser-transparent substrate such as a sapphire sub-
strate. Accordingly, in an example, the red micro-LEDs
are formed in advance and then are transferred to an
original substrate, for being finally transferred to a receiv-
ing substrate. For example, in this embodiment, red mi-
cro-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.
[0117] At step S3200, the at least one micro-LED are
transferred from the support body to a backup substrate.
[0118] For example, the backup substrate has elas-
tomer or polymer on its surface. For example, the atleast
one micro-LED are bonded to the backup substrate
through the elastomer or polymer.

[0119] 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.

[0120] At step S3300, the at least one micro-LED are
transferred from the backup substrate to a receiving sub-
strate.

[0121] In an example, the step can further comprises:
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.

[0122] 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.

[0123] After the above processes, normal subsequent
processes can be done on the micro-LEDs. Forexample,
the subsequent processes include: coating polymer on
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the receiving substrate with micro-LEDs; curing the pol-
ymer; 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 en-
capsulation on the N-metal electrodes.

[0124] 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 sub-
strate are often contaminated. In this embodiment, this
contamination can reduced through the transfer via an
intermediate support body.

[0125] The manufacturing method for manufacturing a
micro-LED device, comprises transferring micro-LEDs to
areceiving substrate by using the method for transferring
micro-LEDs according to this embodiment. For example,
the receiving substrate is a display screen or display sub-
strate. The micro-LED device is a display device, for ex-
ample.

[0126] Inanother embodiment not part of the invention
amicro-LED device such as a display device is provided.
The micro-LED device can be manufactured by using the
method for manufacturing a micro-LED device according
to said embodiment.

[0127] Inanotherembodimentnot part of the invention,
an electronic apparatus is provided. The electronic ap-
paratus contains a micro-LED device according to the
embodiment. For example, the electronic apparatus can
be a mobile phone, a pad and so on.

[0128] Generally, red micro-LEDs cannot be directly
formed on a laser-transparent original substrate such as
sapphire substrate. Thus, it is required that red micro-
LEDs are formed on an additional substrate in advance,
and then are transferred to a sapphire substrate. Figure
6A to 6F shows an example for transferring red micro-
LEDs not part of the present invention.

[0129] AsshowninFigure 6A, red micro-LEDs 302 are
formed on a growth substrate 301 such as GaAs sub-
strate.

[0130] Asshown inFigure 6B, the red micro-LEDs 302
are bonded with intermediate substrate 304 such as sil-
icon substrate, through temporary bonding polymer 303.
The polymer 303 is a thermal release tape (TRT), for
example.

[0131] As shown in Figure 6C, the growth substrate
301 is removed by a wet etching method, for example.
[0132] AsshowninFigure 6D, a lightresist 305 is coat-
ed on an original substrate 306 such as sapphire sub-
strate. The original 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.

[0133] AsshowninFigure 6E, the polymer 303 is proc-
essed under a temperature less than 200°C, to remove
the intermediate substrate 304.

[0134] As shown in Figure 6F, a O2 plasma etching is
performed on the resist 305, to isolate the respective red
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micro-LEDs302.

[0135] Figure 7A to 7L shows still another example for
transferring a micro-LED not part ofthe presentinvention.
[0136] As shown in Figure 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
412. The red micro-LEDs are selectively lifted-off through
laser 413.

[0137] Asshownin Figure 7B, a ultraviolet is irradiated
from the support body 412 side, to release un-lifted-off
red micro-LEDs.

[0138] The lifted-off red micro-LEDs 402r are easily
separated from the original substrate 406. As shown in
Figure 7C, the lifted-off red micro-LEDs 402r are adhered
on the UV tape 411, while other red micro-LEDs remain
on the original substrate 406.

[0139] As shown in Figure 7D, the backup substrate
415 such as glass substrate has elastomer/polymer 416
thereon. For example, the elastomer/polymer 416 is coat-
ed on the backup substrate 415 through spin coating.
For example, the elastomer/polymer 416 is PDMS or 3M
LC 5320, and can be cured through ultraviolet, for exam-
ple.

[0140] Asshownin Figure 7E, the support body is fully
irradiated with ultraviolet, to release the red micro-LEDs
and elastomer/polymer 416.

[0141] After that, for example, if the micro-LEDs do not
have bumps thereon, the micro-LEDs on the backup sub-
strate 415 can be screen-printed using silver paste.
[0142] 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.

[0143] Figure 7G shows separated receiving substrate
417. The receiving substrate 417 has pads 419 and red
micro-LEDs 402r thereon.

[0144] Figure 7H shows a schematic diagram of trans-
ferring green micro-LEDs 422g from a backup substrate
420 to the receiving substrate 417. The backup substrate
420 has elastomer/polymer 421.

[0145] Figure 71 shows the separated receiving sub-
strate 417. The receiving substrate 417 has pads 419,
red micro-LEDs 402r and green micro-LEDs 422g ther-
eon.

[0146] Figure 7J shows a schematic diagram of trans-
ferring blue micro-LEDs 425b from a backup substrate
423 to the receiving substrate 417. The backup substrate
423 has elastomer/polymer 424.

[0147] Figure 7K shows the separated receiving sub-
strate 417. The receiving substrate 417 has pads 419,
red micro-LEDs 402r, green micro-LEDs 422g and blue
micro-LEDs 425b thereon
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[0148] InFigure 7L, the normal subsequent processes
are performed on the transferred micro-LEDs: coating
polymer 426 on the receiving substrate with micro-LEDs;
curing the polymer426; 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-met-
al electrodes.

[0149] 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 The
scope of the present invention is defined by the attached
claims.

Claims
1. A method for transferring micro-LEDs, comprising:

forming micro-LEDs (202) on a laser-transpar-
ent original substrate (201);

providing an anisotropic conductive layer (203)
on a receiving substrate (204);

bringing the micro-LEDs (202) into contact with
the anisotropic conductive layer (203) on the re-
ceiving substrate (204);

irradiating the original substrate (201) with laser
(206; 209; 212) from the original substrate side
to lift-off the micro-LEDs (202) from the original
substrate (201); and

processing the anisotropic conductive layer
(203), to electrically connect the micro-LEDs
with pads on the receiving substrate,

wherein the step of processing the anisotropic
conductive layer further comprises:

applying pressure on the anisotropic con-
ductive layer from the micro-LEDs side by
using an auxiliary substrate (213),
characterized in that the surface of the
auxiliary substrate (213) is coated with tem-
porary bonding polymer (214), and the step
of processing the anisotropic conductive
layer comprises:

bonding the auxiliary substrate (213)
with the anisotropic conductive layer
(203) via the temporary bonding poly-
mer (214); and

after applying pressure, de-bonding the
auxiliary substrate (213) via the tempo-
rary bonding polymer (214), to remove
the auxiliary substrate.

2. The method according to claim 1, characterized in
that the temperature of processing the anisotropic
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conductive layer is between 150°C and 200°C, the
applied pressure is between 1 MPa and 4 MPa, and
the time period of applying pressure is between 10
second and 30 second.

The method according to claim 1, characterized in
that the auxiliary substrate (213) is a flat rigid sub-
strate.

The method according to claim 1, characterized by
further comprising:

etching the temporary bonding polymer (214),
to expose the epitaxial layers of the micro-LEDs;
forming N-metal electrodes (215) on the epitax-
ial layers of the micro-LEDs; and

performing encapsulation (216) on the N-metal
electrodes.

The method according to claim 1, characterized in
that the anisotropic conductive layer (203) is at least
one of an anisotropic conductive film, an anisotropic
conductive paste and an anisotropic conductive
tape.

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

Patentanspriiche

Verfahren zur Ubertragung von Mikro-LEDs, umfas-
send:

Bilden von Mikro-LEDs (202) auf einem Laser-
transparenten urspriinglichen Substrat (201);
Bereitstellen einer anisotropen leitenden
Schicht (203) auf einem Empfangssubstrat
(204);

In-Kontakt-Bringen der Mikro-LEDs (202) mit
der anisotropen leitenden Schicht (203) auf dem
Empfangssubstrat (204);

Bestrahlen des urspriinglichen Substrats (201)
mit Laser (206; 209; 212) von der Seite des ur-
spriinglichen Substrats, um die Micro-LEDs
(202) vom urspriinglichen Substrat (201) abzu-
heben, und

Verarbeiten der anisotropen leitenden Schicht
(203), um elektrisch die Mikro-LEDs mit Pads
auf dem Empfangssubstrat zu verbinden,
wobei der Schritt des Verarbeitens der anisotro-
pen leitenden Schicht weiter Folgendes um-
fasst:

Anwenden von Druck auf die anisotrope lei-
tende Schichtvon der Seite der Mikro-LEDs
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unter Verwendung eines zusatzlichen Sub-
strats (213),

dadurch gekennzeichnet, dass die Ober-
flache des zusatzlichen Substrats (213) mit
einem temporar bindenden Polymer (214)
beschichtetist und der Schritt des Verarbei-
tens der anisotropen leitenden Schicht Fol-
gendes umfasst:

Binden des zusatzlichen Substrats
(213) mit der anisotropen leitenden
Schicht (203) mit Hilfe des temporar
bindenden Polymers (214); und

nach dem Anwenden des Drucks, Ab-
I6sen des zusatzlichen Substrats (213)
mit Hilfe des temporar bindenden Po-
lymers (214), um das zusatzliche Sub-
strat zu entfernen.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Temperatur des Verarbeitens
der anisotropen leitenden Schicht im Bereich zwi-
schen 150 °C und 200 °C liegt, der angewendete
Druck zwischen 1 MPa und 4 MPa liegt und der Zeit-
raum des Anwendens des Drucks zwischen 10 Se-
kunden und 30 Sekunden liegt.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das zusatzliche Substrat (213) ein
flaches starres Substrat ist.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass es weiter Folgendes umfasst:

Atzen des temporér bindenden Polymers (214),
um die epitaxialen Schichten der Mikro-LEDs
auszusetzen;

Bilden von N-Metallelektroden (215) auf den
epitaxialen Schichten der Mikro-LEDs; und
Durchflihren der Einkapselung (216) auf den N-
Metallelektroden.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die anisotrope leitende Schicht (203)
mindestens eines von einem anisotropen leitenden
Film einer anisotropen leitenden Paste und einem
anisotropen leitenden Band ist.

Verfahren zur Herstellung einer Mikro-LED-Vorrich-
tung, dadurch gekennzeichnet, dass es die Um-
wandlung einer Mikro-LED in ein Empfangssubstrat
durch die Verwendung des Verfahrens nach An-
spruch 1 umfasst.

Revendications

Procédé de transfert de micro-diodes LED, compre-
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nant les étapes ci-consistant a :

former des micro-diodes LED (202) sur un subs-
trat d’origine transparent au laser (201) ;
fournir une couche conductrice anisotrope (203)
sur un substrat récepteur (204) ;

mettre les micro-diodes LED (202) en contact
avec la couche conductrice anisotrope (203) sur
le substrat récepteur (204) ;

irradier le substrat d’origine (201) avec un laser
(206 ; 209 ; 212) a partir du cbété de substrat
d’'origine en vue de décoller les micro-diodes
LED (202) du substrat d’origine (201) ; et
traiter la couche conductrice anisotrope (203),
en vue de connecter électriquement les micro-
diodes LED a des languettes de connexion sur
le substrat récepteur ;

dans lequel I'étape de traitement de la couche
conductrice anisotrope comprend en outre I'éta-
pe ci-dessous consistant a :

appliquer une pression sur la couche con-
ductrice anisotrope a partir du cété des mi-
cro-diodes LED en utilisant un substrat
auxiliaire (213) ;

caractérisé en ce que la surface du subs-
trat auxiliaire (213) est recouverte d’'un po-
lymeére de liaison temporaire (214), eten ce
que |'étape de traitement de la couche con-
ductrice anisotrope comprend les étapes ci-
dessous consistant a :

lier le substrat auxiliaire (213) a la cou-
che conductrice anisotrope (203) par
l'intermédiaire du polymeére de liaison
temporaire (214) ; et

suite a I'application de la pression, dis-
socier le substrat auxiliaire (213) par
l'intermédiaire du polymeére de liaison
temporaire (214), afin d’enlever le
substrat auxiliaire.

Procédé selon larevendication 1, caractérisé en ce
que la température de traitement de la couche con-
ductrice anisotrope est comprise entre 150 °C et 200
°C, la pression appliquée est comprise entre 1 MPa
et4 MPa, et la durée d’application de la pression est
comprise entre 10 secondes et 30 secondes.

Procédé selon larevendication 1, caractérisé en ce
que le substrat auxiliaire (213) est un substrat rigide
plat.

Procédé selon larevendication 1, caractérisé en ce
qu’il comprend en outre les étapes ci-dessous con-

sistant a :

graver le polymere de liaison temporaire (214),

10

15

20

25

30

35

40

45

50

55

10

en vue d’exposer les couches épitaxiales des
micro-diodes LED ;

former des électrodes métalliques de type N
(215) sur les couches épitaxiales des micro-dio-
des LED ; et

mettre en oeuvre une encapsulation (216) sur
les électrodes métalliques de type N.

Procédé selon larevendication 1, caractérisé en ce
que la couche conductrice anisotrope (203) corres-
pond a au moins un élément parmi un film conduc-
teur anisotrope, une pate conductrice anisotrope et
une bande conductrice anisotrope.

Procédé de fabrication d’un dispositif a micro-diodes
LED, caractérisé en ce qu’il comprend I'étape con-
sistant a transférer une micro-diode LED sur un
substrat récepteur, en faisant appel au procédé se-
lon la revendication 1.
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