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S1100
forming a micro-LED on a laser-transparent original /
substrate

l / S1200
bringing the micro-LED into contact with a pad preset on
a receiving substrate

l S1300
irradiating the original substrate with laser from the /
original substrate side to lift-off the micro-LED from the
original substrate
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TRANSFERRING METHOD,
MANUFACTURING METHOD, DEVICE AND
ELECTRONIC APPARATUS OF MICRO-LED

FIELD OF THE INVENTION

[0001] The present invention relates to Micro-Light Emit-
ting Diode (micro LED) array for display, and in particular,
to a method for transferring micro-LED, a method for
manufacturing a micro-LED device, a micro-LED device
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 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.

[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
areceiving 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.

[0005] 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.

[0006] 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

[0007] One object of this invention is to provide a new
technical solution for transferring a micro-LED.

[0008] According to an embodiment of the present inven-
tion, there is provided a method for transferring a micro-
LED, comprising: forming a micro-LED on a laser-trans-
parent original substrate; bringing the micro-LED into
contact with a pad preset on a receiving substrate; and
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irradiating the original substrate with laser from the original
substrate side to lift-off the micro-LED from the original
substrate.

[0009] Preferably, the step of forming a micro-LED on a
laser-transparent original substrate comprises forming a
plurality of micro-LEDs on the laser-transparent original
substrate. Preferably, the step of bringing the micro-LED
into contact with a pad preset on a receiving substrate
comprises bringing at least one micro-LED of the plurality
of micro-LEDs into contact with at least one pad preset on
the receiving substrate. Preferably, the step of irradiating the
original substrate with laser from the original substrate side
to lift-off the micro-LED from the original substrate com-
prises irradiating at least one area on the original substrate
with laser from the original substrate side to lift-off the at
least one micro-LED from the original substrate.

[0010] Preferably, the step of forming a micro-LED on a
laser-transparent original substrate further comprises singu-
lating the plurality of micro-LEDs, for example before
transferring.

[0011] Preferably, the step of bringing the micro-LED into
contact with a pad preset on a receiving substrate comprises:
bringing the micro-LED into contact with a pad preset on a
receiving substrate via liquid thin film. Preferably, the liquid
thin film includes flux.

[0012] Preferably, the method further comprises: reflow
soldering the lifted-off micro-LED on the receiving sub-
strate; and depositing negative electrode on the micro-LED.
[0013] Preferably, the method further comprises: filling
the soldered micro-LED with polymer.

[0014] Preferably, the method further comprises: offset-
ting the original substrate for transferring additional micro-
LEDs.

[0015] Preferably, the method further comprises: forming
a micro-LED on an additional laser-transparent backup
substrate; bringing the micro-LED on the backup substrate
into contact with a pad preset on a receiving substrate; and
irradiating the backup substrate with laser from the backup
substrate side to lift-off the micro-LED from the backup
substrate. Alternatively, this backup substrate (e.g., partial
wafer) can be from the original substrate which is singu-
lated. For example, the micro-LED on the backup substrate
can be of the same color.

[0016] Preferably, the pad is set for red pixel array, yellow
pixel array or blue pixel array.

[0017] Preferably, the receiving substrate is a display
screen panel.
[0018] According to another embodiment of the present

invention, there is provided a method for manufacturing a
micro-LED device, comprising transferring a micro-LED to
a receiving substrate by using the method for transferring a
micro-LED according to the present invention.

[0019] According to another embodiment of the present
invention, there is provided a micro-LED device, which is
manufactured by using the method for manufacturing a
micro-LED device according to the present invention.
[0020] According to another embodiment of the present
invention, there is provided an electronic apparatus, con-
taining a micro-LED device according to the present inven-
tion.

[0021] The inventors of the present invention have found
that, in the prior art, the approach of electrostatic pick-up is
used in the process of manufacturing a micro-LED array to
transfer a micro-LED from a donor wafer to a receiving
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substrate. However, in the present invention, a micro-LED
(array) is formed on the original substrate, and then the
micro-LED is directly transferred to a receiving substrate by
means of laser lift-off. So, the task to be implemented by or
the technical problem to be solved by the present invention
has not been conceived or anticipated by a person skilled in
the art and thus the present invention is a new solution.
[0022] 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 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.

[0023] Further features of the present invention and
advantages thereof will become apparent from the following
detailed description of exemplary embodiments according to
the present invention with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention and, together with the
description thereof, serve to explain the principles of the
invention.

[0025] FIG. 1 shows a flow chart of an illustrative embodi-
ment of the method according to the present invention.
[0026] FIG. 2A to 2G shows an example for transferring
a micro-LED according to the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] Various exemplary embodiments of the present
invention will now be described in detail with reference to
the drawings. It should be noted that the relative arrange-
ment of the components and steps, the numerical expres-
sions, and numerical values set forth in these embodiments
do not limit the scope of the present invention unless it is
specifically stated otherwise.

[0028] 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.
[0029] 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.

[0030] 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.
[0031] 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.

[0032] Embodiments and examples of the present inven-
tion will be described below with reference to the drawings.
[0033] FIG. 1 shows a flow chart of an illustrative embodi-
ment of the method for transfer micro-LED according to the
present invention.
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[0034] As shown in FIG. 1, at step S1100, a micro-LED is
formed on a laser-transparent original substrate.

[0035] 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.

[0036] 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 sub-
strate. The plurality of micro-LEDs can form an array.
[0037] 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.

[0038] At step S1200, the micro-LED is brought into
contact with a pad preset on a receiving substrate.

[0039] For example, the receiving substrate is a display
screen panel.
[0040] For example, the pad can be set for red pixel array,

yellow pixel array or blue pixel array.

[0041] In an example, in a case where a plurality of
micro-LED are formed, at least one micro-LED of the
plurality of micro-L.EDs 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.

[0042] 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.
[0043] 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.

[0044] 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 corre-
sponds 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.

[0045] In another example, the original substrate can be
offset for transferring additional micro-LEDs.

[0046] 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 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.
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[0047] An array of micro-LEDs can be formed on the
receiving substrate after the transferring of micro-LEDs to
the receiving substrate.

[0048] After the transferring of micro-LEDs to the receiv-
ing substrate, the present invention can further include
subsequent steps.

[0049] For example, the lifted-off micro-LEDs can be
reflow-soldered on the receiving substrate. A negative elec-
trode can be deposited on the micro-LEDs. The reflow-
soldering can be performed after micro-LEDs of each color
are transferred. Alternatively, the reflow-soldering can be
performed after micro-LEDs of all colors are transferred.
[0050] In addition, the soldered micro-LED can be filled
with polymer. For example, a confocal dielectric deposition
can be used in stead of polymer filling.

[0051] In another embodiment, the present invention fur-
ther 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.
[0052] In another embodiment, the present invention fur-
ther 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.

[0053] In comparison with the prior art, under the similar
conditions, the micro-LED manufactured by using the solu-
tion 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.

[0054] In another embodiment, the present invention fur-
ther includes an electronic apparatus. The electronic appa-
ratus 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.

[0055] 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 have not been conceived by
the prior art.

[0056] In addition, the micro-LED can be selectively
transferred through the present invention.

[0057] 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.

[0058] 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.

[0059] In addition, 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.

[0060] 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.

[0061] 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,
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under the similar conditions, the manufactured micro-LED
will have a higher performance.

[0062] An example for transferring a micro-LED accord-
ing to the present invention will be described below with
reference to FIGS. 2A to 2G.

[0063] As shownin FIG. 2A, micro-LEDs 2 are formed on
a laser-transparent original substrate 1 such as sapphire
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.

[0064] As shown in FIG. 24, the plurality of micro-LEDs
2 can be singulated.

[0065] 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 mircro-LEDs are in contact with the flux. Pads
3 are preset on the receiving substrate 4. For example, the
pads 3 include pad 37 for receiving red micro-LED, pad 35
for receiving blue micro-LED and pad 3g for receiving
green micro-LED.

[0066] 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.

[0067] 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.

[0068] 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.
[0069] As shown in FIG. 2E, the plurality of micro-LEDs
are transferred to the receiving substrate 4.

[0070] 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.

[0071] 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.

[0072] Although some specific embodiments of the pres-
ent invention have been demonstrated in detail with
examples, it should be understood by a person skilled in the
art that the above examples are only intended to be illus-
trative but not to limit the scope of the present invention. Tt
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.

1-14. (canceled)
15. A method for transferring micro-LED, the method
comprising the steps of:

forming a micro-LED on a laser-transparent original
substrate;

bringing the micro-LED into contact with a pad preset on
a receiving substrate; and

irradiating the original substrate with laser from the
original substrate side to lift-off the micro-LED from
the original substrate.
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16. The method according to claim 15, wherein:

the step of forming a micro-LED on a laser-transparent
original substrate comprises forming a plurality of
micro-LEDs on the laser-transparent original substrate;

the step of bringing the micro-LED into contact with a pad
preset on a receiving substrate comprises bringing at
least one micro-LED of the plurality of micro-L.EDs
into contact with at least one pad preset on the receiving
substrate; and

the step of irradiating the original substrate with laser

from the original substrate side to lift-off the micro-
LED from the original substrate comprises irradiating
at least one area on the original substrate with laser
from the original substrate side to lift-off the at least
one micro-LED from the original substrate.

16. The method according to claim 16, wherein the step
of forming a micro-LED on a laser-transparent original
substrate further comprises singulating the original sub-
strate.

18. The method according to claim 15, wherein the step
of bringing the micro-LED into contact with a pad preset on
areceiving substrate comprises bringing the micro-LED into
contact with a pad preset on a receiving substrate via liquid
thin film.

19. The method according to claim 18, wherein the liquid
thin film includes flux.

20. The method according to claim 15, further comprising
the steps of:

reflow soldering the lifted-off micro-LED on the receiving

substrate; and

depositing negative electrode on the micro-LED.
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21. The method according to claim 20, further comprising
the step of filling the soldered micro-LED with polymer.

22. The method according to claim 15, further comprising
the step of offsetting the original substrate for transferring
additional micro-LEDs.

23. The method according to claim 15, further comprising
the steps of:

forming a micro-LED on an additional laser-transparent
backup substrate;

bringing the micro-LED on the backup substrate into
contact with a pad preset on a receiving substrate; and

irradiating the backup substrate with laser from the
backup substrate side to lift-off the micro-LED from
the backup substrate.

24. The method according to claim 15, wherein the pad is
set for at least one of red pixel array, yellow pixel array, or
blue pixel array.

25. The method according to claim 15, wherein the
receiving substrate is a display screen panel.

26. A method for manufacturing a micro-LED device, the
method comprising the step of transferring a micro-LED to
a receiving substrate by using the method according to claim
15.

27. A micro-LED device manufactured by using the
method according to claim 26.

28. An electronic apparatus, containing a micro-LED
device according to claim 27.
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