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(57) ABSTRACT

Provided are a transferring device and a transferring method
of a micro light emitting diode. During the transferring
process of the micro light emitting diode, the state of the
magnetorheological fluid is controlled to achieve the physi-
cal connection of the micro light emitting diode and the
transferring head to increase the acting force between the
micro light emitting diode and the transferring head, thereby
preventing damage during the transfer process of the micro
light emitting diode for reducing the difficulty of transferring
the light emitting diode. Moreover, with the simple electro-
magnetic device to control the connection and separation of
the micro light emitting diode and the transferring head, the
transferring operation of the micro light emitting diode is
simplified to promote the transferring efficiency of the micro
light emitting diode.
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providing a transferring device and moving a transferring head of the 201
transferring device to a micro light emitting dicde on a first substrate to /
move the fluid outlet hole of the transferring head close to the micro light
emitting diode

Y

202
/

controlling the magnetorheological fluid to flow out from the fluid outlet hole
to cover the micro light emitting diode

controlling the electromagnetic device to generate a magnetic field to - 203
change the magnetorheological fluid from the liquid state to a solid state
such that the micro light emitting diode adheres to the transferring head

with the magnetorheological fluid

Y

moving the micro light emitting diode to a second substrate

204
/

203
eliminating the magnetic field generated by the electromagnetic device to /
change the magnetorheological fluid from the solid state to the liguid state
such that the micro light emitting dicde is separated from the transferring

head
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TRANSFERRING DEVICE AND
TRANSFERRING METHOD OF MICRO
LIGHT EMITTING DIODE

CROSS REFERENCE

[0001] This application claims the priority of Chinese
Patent Application No. 2017107044610, filed on Aug. 16,
2017, the disclosure of which is incorporated herein by
reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a display field, and
more particularly to a transferring device and a transferring
method of a micro light emitting diode.

BACKGROUND OF THE INVENTION

[0003] Magnetorheological fluid (MRF) is a new type of
smart fluid material. Under the action of magnetic field,
MRF can change from a liquid state to a solid state. When
the applied magnetic field is removed, MRF can quickly
return to the liquid state. Because of this unique nature of
MRYF, it is widely used in the field of precision machining.
[0004] In the field of micro LED display (Micro LED), in
order to manufacture a light emitting diode display, the
micro light emitting diodes need to be transferred from an
original substrate to the receiving substrate to be aligned in
array, which involves precision transferring issues of a huge
amount of micro light emitting diodes. In prior art, the micro
light emitting diode is generally adsorbed onto a transferring
head by electrostatic adsorption and is transferred to the
receiving substrate. However, the adsorption capacity of
electrostatic adsorption is smaller. The micro light emitting
diodes are easily damaged so that the transferring difficulty
is high during the transferring process. Moreover, the effi-
ciency of electrostatic adsorption is low.

SUMMARY OF THE INVENTION

[0005] The present invention provides a transferring
device and a transferring method of a micro light emitting
diode to reduce the difficulty of transferring the light emit-
ting diode and to improve the transferring efficiency.
[0006] The transferring device comprises a moving part
and a transferring head movably connected with the moving
part, wherein the transferring head comprises a housing,
magnetorheological fluid filled in the housing and an elec-
tromagnetic device provided on the housing, wherein the
electromagnetic device generates a magnetic field, the mag-
netorheological fluid is located in the magnetic field, and the
housing comprises a fluid outlet hole and the magnetorheo-
logical fluid flows out from the fluid outlet hole.

[0007] The electromagnetic device comprises an electro-
magnet or an electromagnetic coil, and a control unit elec-
trically connected with the electromagnet or the electromag-
netic coil, the control unit controls generation and
elimination of a magnetic field of the electromagnet or the
electromagnetic coil and controls a magnitude and a dura-
tion of the magnetic field generated by the electromagnet or
the electromagnetic coil.

[0008] The electromagnet or the electromagnetic coil is
provided inside or outside the housing.

[0009] The electromagnet or the electromagnetic coil is
the housing.
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[0010] The magnetorheological fluid is a liquid state in a
natural state and is a solid state under an action of the
magnetic field.

[0011] The transferring device comprises a plurality of
transferring heads, wherein the plurality of the transferring
heads are disposed at intervals.

[0012] The present invention further provides a transfer-
ring method of a micro light emitting diode, comprising
steps of:
[0013]

[0014] moving a transferring head of the transferring
device to a micro light emitting diode on a first substrate to
move the fluid outlet hole of the transferring head close to
the micro light emitting diode; controlling the magnetorheo-
logical fluid in a liquid state to flow out from the fluid outlet
hole to cover the micro light emitting diode;

[0015] controlling the electromagnetic device to generate
a magnetic field to change the magnetorheological fluid
from the liquid state to a solid state such that the micro light
emitting diode adheres to the transferring head with the
magnetorheological fluid;

providing the aforesaid transferring device;

[0016] moving the micro light emitting diode to a second
substrate;
[0017] eliminating the magnetic field generated by the

electromagnetic device to change the magnetorheological
fluid from the solid state to the liquid state such that the
micro light emitting diode is separated from the transferring
head.

[0018] The control unit electrically connected to the elec-
tromagnetic device controls on and off of the electromag-
netic device to achieve generation and elimination of the
magnetic field of the electromagnetic device.

[0019] A distance between the fluid outlet hole of the
transferring head and the micro light emitting diode on the
first substrate is 1 pm to 3 wm as the fluid outlet hole of the
transferring head is close to the micro light emitting diode on
the first substrate.

[0020] The transferring device comprises a plurality of
transferring heads to transfer the plurality of micro light
emitting diodes at the same time.

[0021] With the transferring device and the transferring
method of the micro light emitting diode provided by the
present invention, the magnetorheological fluid is filled in
the housing and the electromagnetic device controls the state
of the magnetorheological fluid. As the transferring head is
close to the micro light emitting diode, the magnetorheo-
logical fluid is the liquid state and covers the micro light
emitting diode; then, the magnetorheological fluid is con-
trolled to be the solid state to achieve the connection of the
micro light emitting diode and the transferring head; and
then, the micro light emitting diode is transferred onto the
second substrate and the magnetic field of the electromag-
netic device is eliminated to separate the micro light emit-
ting diode from the transferring head such that transferring
the micro light emitting diode from the first substrate onto
the second substrate can be realized. During the transferring
process of the micro light emitting diode, the physical
connection of the micro light emitting diode and the trans-
ferring head is implemented with the magnetorheological
fluid to increase the acting force between the micro light
emitting diode and the transferring head, thereby preventing
damage during the transfer process of the micro light
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emitting diode for reducing the transferring difficulty and
increasing the transferring efficiency of the light emitting
diode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In order to more clearly illustrate the embodiments
of the present invention or prior art, the following figures
will be described in the embodiments are briefly introduced.
It is obvious that the drawings are merely some embodi-
ments of the present invention, those of ordinary skill in this
field can obtain other figures according to these figures
without paying the premise.

[0023] FIG. 1 is diagram of a transferring head according
to the embodiment of the present invention;

[0024] FIG. 2 is a flowchart of a transferring process of a
micro light emitting diode according to the embodiment of
the present invention;

[0025] FIG. 3 to FIG. 6 are diagrams of respective steps of
a transferring process of a micro light emitting diode accord-
ing to the embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0026] Embodiments of the present invention are
described in detail with the technical matters, structural
features, achieved objects, and effects with reference to the
accompanying drawings as follows. It is clear that the
described embodiments are part of embodiments of the
present invention, but not all embodiments. Based on the
embodiments of the present invention, all other embodi-
ments to those of ordinary skill in the premise of no creative
efforts obtained, should be considered within the scope of
protection of the present invention.

[0027] The present invention provides a transferring
device. The transferring device can be used to transfer
various mini components such as a chip, a miniature sub-
strate and a patch. In this embodiment, the transferring
device is mainly used to transfer the micro light emitting
diode during the manufacturing process of the micro light
emitting diode display.

[0028] Please refer to FIG. 1. The present invention pro-
vides a transferring device 100. In this embodiment, the
transferring device 100 is used to transfer a micro light
emitting diode 210 arranged on a first substrate 220 onto a
second substrate 230. The first substrate 220 is an original
substrate and the micro light emitting diode 210 is on the
first substrate 220; the second substrate 230 is a accepting
substrate, which requires the micro light emitting diode 210.
The transferring device 100 comprises a moving part (not
shown) and a transferring head movably connected to the
moving part. The moving part can drive the transferring
head to move on a horizontal plane of the transfer head. The
transferring head is movably connected to the moving part.
The transferring head is capable of achieving a vertical
movement relative to the moving part. A plurality of trans-
ferring heads is provided. The plurality of the transferring
heads is disposed at intervals and is connected to the moving
part. Each of the transferring heads can move one of the
micro light emitting diodes 210. Thus, the plurality of the
transferring heads is capable of transferring a plurality of
micro light emitting diodes 210 at the same time. The
transferring head comprises a housing 10, magnetorheologi-
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cal fluid 20 filled in the housing 10 and an electromagnetic
device 30 provided on the housing 10.

[0029] The housing 10 is a cavity piece including a cavity
11. The housing 10 comprises a cylindrical portion and a
conical portion connected to the cylindrical portion. The
cylindrical portion is disposed coaxially with the conical
portion and has the same bottom size as the conical portion.
A fluid outlet hole 12 is configured at the top of the conical
portion of the housing 10. The cavity 11 communicates with
the outside through a fluid outlet hole 12. In another embodi-
ment of the present invention, a control switch is further
configured on the housing 10. The control switch is close to
the fluid outlet hole 12 to control whether the magnetorheo-
logical fluid 20 flows out of the fluid outlet hole 12 with the
control switch. Specifically, the control switch is turned on
as the magnetorheological fluid 20 is not required to flow out
of the fluid outlet hole 12; the control switch is turned off as
the magnetorheological fluid 20 is required to flow out of the
fluid outlet hole 12.

[0030] The magnetorheological fluid 20 is filled in the
cavity 11 of the housing 10. The magnetorheological fluid 20
is a liquid state in a natural state and can be changed from
the liquid state to a solid state under an action of the
magnetic field. Without the action of the magnetic field, the
magnetorheological fluid can flow out of the fluid outlet
hole. The electromagnetic device 30 comprises an electro-
magnet or an electromagnetic coil, and a control unit elec-
trically connected with the electromagnet or the electromag-
netic coil. The electromagnet or the electromagnetic coil can
generate a magnetic field under a power-on condition and
the magnetic field generated by the electromagnetic coil
disappears when the power is off. In this embodiment, the
electromagnetic device 30 comprises an electromagnetic
coil. The electromagnetic coil is wound around an outer wall
of the housing 10 such that the magnetorheclogical fluid 20
is located in the magnetic field generated by the electro-
magnetic coil. Then, the state of the magnetorheological
fluid is controlled by controlling the magnetic field gener-
ated by the electromagnetic coil. It can be understood that
the electromagnetic coil can also be disposed in the cavity 11
of the housing 10 such as the inner wall of the housing 10.
Alternatively, in other embodiments of the present inven-
tion, the electromagnetic coil or the electromagnet can also
be the housing 10 of the transferring head so that the state
of the magnetorheological fluid 20 can be better controlled.
[0031] The electromagnetic device 30 further comprises a
control unit. The control unit is connected to the electro-
magnetic coil or the electromagnet. The control unit controls
on and off of the electromagnetic coil or the electromagnet
to control generation and elimination of the magnetic field of
the electromagnetic coil or the electromagnet. Furthermore,
by controlling a magnitude of the amount of electricity
supplied to the electromagnet or the electromagnetic coil
and a duration of electrification with the control unit, the
magnitude and the duration of the magnetic field generated
by the electromagnet or the electromagnetic coil can be
controlled. In this embodiment, as the transferring device
100 is not required to transfer the micro light emitting diodes
210, the control unit controls the electromagnet or the
electromagnetic coil to constantly be in the electrified state
to ensure that the magnetorheological fluid in the housing 10
of the transferring head is the solid state to prevent the
magnetorheological fluid from flowing out of the housing 10
of the transferring head. In another embodiment of the
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present invention, a control switch is configured on the
housing 10 of the transferring device 100. As the transferring
device 100 is not required to transfer the micro light emitting
diodes 210, the control switch can control the electromagnet
or the electromagnetic coil to constantly be in the power off
state to prevent the magnetorheological fluid from flowing
out of the housing 10 of the transferring head by turning off
the control switch and to achieve the objective of saving
power.

[0032] As transferring the micro light emitting diodes 210,
the moving part drives the transferring head to a position of
the micro light emitting diodes 210, which needs to be
transferred, on the first substrate 220 and adjusts the trans-
ferring head close to the micro light emitting diodes 210
such that the magnetorheological fluid in the fluid state flows
on the micro light emitting diodes 210 and partially covers
the micro light emitting diodes 210. In this embodiment, a
distance between the fluid outlet hole 12 of the transferring
head and the micro light emitting diode 210 on the first
substrate 220 1s 1 pm to 3 pum as the transferring head is close
to the micro light emitting diode 210. Then, the control units
controls the electromagnetic device to generate a magnetic
field to change the magnetorheological fluid 20 from the
liquid state to the solid state to achieve the connection of the
micro light emitting diode 210 with the transferring head.
Then, the moving part is moved again to a position of the
second substrate 230 and the transferring head is moved in
a vertical direction so that the micro light emitting diode 210
is moved onto the second substrate 230. Then, the magnetic
field of the electromagnetic device is eliminated by the
control device such that the micro light emitting diode 210
is separated from the transferring head to transfer the micro
light emitting diode 210 from the first substrate 220 onto the
second substrate 230. Moreover, after the micro light emit-
ting diode 210 is transferred from the first substrate 220 onto
the second substrate 230, the magnetorheological fluid 20
remaining on the micro light emitting diode 210 can be
removed and recovered by a simple process. As an illustra-
tion, the magnetorheological fluid 20 remaining on the
micro light emitting diode 210 can be blown to a collecting
tank by means of an air knife and the collected magneto-
rheological fluid 20 can be further recovered and recycled to
reduce waste matter and to reduce the cost.

[0033] Please refer to FIG. 2. The present invention fur-
ther provides a transferring method of a micro light emitting
diode 210, comprising steps of:

[0034] step 210, referring to FIG. 3, providing the afore-
said transferring device 100, and moving a transferring head
of the transferring device to a position of a micro light
emitting diode 210 on a first substrate 220 to move the fluid
outlet hole 12 of the transferring head close to the micro
light emitting diode 210.

[0035] The moving part drives the transferring head to a
position of the micro light emitting diodes 210, which needs
to be transferred, on the first substrate 220 and adjusts the
transferring head close to the micro light emitting diodes
210 such that the fluid outlet hole 12 of the transferring head
is close to the micro light emitting diodes 210. In this
embodiment, a distance between the fluid outlet hole 12 of
the transferring head and the micro light emitting diode 210
on the first substrate 220 is 1 pm to 3 um as the transferring
head is close to the micro light emitting diode 210. It can be
understood that a plurality of transferring heads can be
configured to transfer a plurality of micro light emitting
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diodes 210 with the plurality of transferring heads at the
same time as the plurality of micro light emitting diodes 210
needs to be transferred. In this embodiment, the electromag-
net or the electromagnetic coil of the electromagnetic device
30 to be in the electrified state such that the magnetorheo-
logical fluid 20 is the solid state now to not to flow out of the
fluid outlet hole 12. In another embodiment of the present
invention, a control switch is configured on the housing 10
of the transferring head. The electromagnet or the electro-
magnetic coil can be in the power off state to prevent the
magnetorheological fluid from flowing out of the housing 10
of the transferring head by turning off the control switch.
[0036] step 202, referring to FIG. 4, controlling the mag-
netorheological fluid 20 in a liquid state to flow out from the
fluid outlet hole 12 to cover the micro light emitting diode
210.

[0037] controlling the electromagnet or the electromag-
netic coil of the electromagnetic device 30 to be in the power
off state to change the magnetorheological fluid 20 in a
liquid state such that the magnetorheological fluid 20 natu-
rally flows out of the fluid outlet hole 12 and covers the
micro light emitting diode 210. In another embodiment of
the present invention, the control switch can be directly
turned on so that the magnetorheological fluid flows out of
the fluid outlet hole 12. The magnetorheological fluid 20
only needs to partially cover the micro light emitting diode
210 to reduce the using volume of the magnetorheological
fluid 20 as possible while ensuring the connection strength
between the micro light emitting diode 210 and the trans-
ferring head.

[0038] step 203, controlling the electromagnetic device 30
to generate a magnetic field to change the magnetorheologi-
cal fluid 20 from the liquid state to the solid state such that
the micro light emitting diode 210 adheres to the transferring
head with the magnetorheological fluid 20.

[0039] The control unit electrifies the electromagnetic
device 30 such that the electromagnetic device 30 generates
the magnetic field. The control unit controls the magnitude
of the amount of supplying electricity to control the strength
of the magnetic field generated by the electromagnetic
device 30. The magnetorheological fluid 20 is affected by
the magnetic field to change from the liquid state to the solid
state. Thus, the micro light emitting diode 210 and the
transferring head are connected with the magnetorheological
fluid in the solid state to achieve the physical connection of
the micro light emitting diode 210 and the transferring head
with the magnetorheological fluid in the solid state. Then,
the acting force between the micro light emitting diode 210
and the transferring head is increased to prevent damage
during the transfer process of the micro light emitting diode
210 and to reduce the transferring difficulty of the micro
light emitting diode 210.

[0040] step 204, referring to FIG. 5, moving the micro
light emitting diode 210 to the second substrate 230.
[0041] The moving part drives the transferring head
adhered with the micro light emitting diode 210 to a position
above the second substrate 230. Then, the transferring head
can drive the micro light emitting diode 210 to move. Then,
the transferring head is moved in a vertical direction so that
the micro light emitting diode 210 is moved onto the second
substrate 230.

[0042] step 205, referring to FIG. 6, eliminating the mag-
netic field generated by the electromagnetic device 30 to
change the magnetorheological fluid 20 from the solid state
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to the liquid state such that the micro light emitting diode
210 is separated from the transferring head.

[0043] By cutting off the power of the electromagnetic
device 30 or reducing a magnitude of the amount of elec-
tricity supplied to the electromagnetic device 30 with the
control unit to eliminate or decrease the magnetic field
generated by the electromagnetic device 30, the magneto-
rheological fluid 20 is changed from the solid state to the
liquid state such that the micro light emitting diode 210 is
separated from the transferring head. The micro light emit-
ting diode 210 is transferred onto the second substrate 230.
[0044] In the present invention, during the transferring
process of the micro light emitting diode 210, the physical
connection of the micro light emitting diode 210 and the
transferring head is conducted with the magnetorheological
fluid 20 to increase the acting force between the micro light
emitting diode 210 and the transferring head, thereby pre-
venting damage during the transfer process of the micro
light emitting diode 210 for reducing the transferring diffi-
culty. Moreover, with the simple electromagnetic device to
control the connection and separation of the micro light
emitting diode 210 and the transferring head, the transfer-
ring operation of the micro light emitting diode 210 is
simplified to promote the transferring efficiency of the micro
light emitting diode 210.

[0045] Above are embodiments of the present invention,
which does not limit the scope of the present invention. Any
modifications, equivalent replacements or improvements
within the spirit and principles of the embodiment described
above should be covered by the protected scope of the
invention.

What is claimed is:

1. A transferring device, comprising a moving part and a
transferring head movably connected with the moving part,
wherein the transferring head comprises a housing, magne-
torheological fluid filled in the housing and an electromag-
netic device provided on the housing, wherein the electro-
magnetic device generates a magpetic field, the
magnetorheological fluid is located in the magnetic field,
and the housing comprises a fluid outlet hole and the
magnetorheological fluid flows out from the fluid outlet
hole.

2. The transferring device according to claim 1, wherein
the electromagnetic device comprises an electromagnet or
an electromagnetic coil, and a control unit electrically con-
nected with the electromagnet or the electromagnetic coil,
the control unit controls generation and elimination of a
magnetic field of the electromagnet or the electromagnetic
coil and controls a magnitude and a duration of the magnetic
field generated by the electromagnet or the electromagnetic
coil.

3. The transferring device according to claim 2, wherein
the electromagnet or the electromagnetic coil is provided
inside or outside the housing.

4. The transferring device according to claim 2, wherein
the electromaguet or the electromagnetic coil is the housing.

5. The transferring device according to claim 1, wherein
the magnetorheological fluid is a liquid state in a natural
state and is a solid state under an action of the magnetic field.

6. The transferring device according to claim 1, compris-
ing a plurality of transferring heads, wherein the plurality of
the transferring heads are disposed at intervals.

7. A transferring method of a micro light emitting diode,
comprising steps of:
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providing a transferring device, comprising a moving part
and a transferring head movably connected with the
moving part, wherein the transferring head comprises a
housing, magnetorheological fluid filled in the housing
and an electromagnetic device provided on the housing,
wherein the electromagnetic device generates a mag-
netic field, the magnetorheological fluid is located in
the magnetic field, and the housing comprises a fluid
outlet hole and the magnetorheological fluid flows out
from the fluid outlet hole;

moving a transferring head of the transferring device to a

micro light emitting diode on a first substrate to move
the fluid outlet hole of the transferring head close to the
micro light emitting diode;

controlling the magnetorheological fluid in a liquid state

to flow out from the fluid outlet hole to cover the micro
light emitting diode;

controlling the electromagnetic device to generate a mag-

netic field to change the magnetorheological fluid from
the liquid state to a solid state such that the micro light
emitting diode adheres to the transferring head with the
magnetorheological fluid,

moving the micro light emitting diode to a second sub-

strate;

eliminating the magnetic field generated by the electro-

magnetic device to change the magnetorheological
fluid from the solid state to the liquid state such that the
micro light emitting diode is separated from the trans-
ferring head.

8. The transferring method of the micro light emitting
diode according to claim 7, wherein the control unit elec-
trically connected to the electromagnetic device controls on
and off of the electromagnetic device to achieve generation
and elimination of the magpnetic field of the electromagnetic
device.

9. The transferring method of the micro light emitting
diode according to claim 7, wherein a distance between the
fluid outlet hole of the transferring head and the micro light
emitting diode on the first substrate is 1 wm to 3 um as the
fluid outlet hole of the transferring head is close to the micro
light emitting diode on the first substrate.

10. The transferring method of the micro light emitting
diode according to claim 7, wherein the transferring device
comprises a plurality of transferring heads to transfer the
plurality of micro light emitting diodes at the same time.

11. The transferring method of the micro light emitting
diode according to claim 7, wherein the electromagnetic
device comprises an electromagnet or an electromagnetic
coil, and a control unit electrically connected with the
electromagnet or the electromagnetic coil, the control unit
controls generation and elimination of the magnetic field of
the electromagnet or the electromagnetic coil and controls a
magnitude and a duration of the magnetic field generated by
the electromagnet or the electromagnetic coil.

12. The transferring method of the micro light emitting
diode according to claim 11, wherein the electromagnet or
the electromagnetic coil is provided inside or outside the
housing.

13. The transferring method of the micro light emitting
diode according to claim 11, wherein the electromagnet or
the electromagnetic coil is the housing.

14. The transferring method of the micro light emitting
diode according to claim 7, wherein the magnetorheological
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fluid is the liquid state in a natural state and is the solid state
under an action of the magnetic field.

15. The transferring method of the micro light emitting
diode according to claim 7, wherein the transferring device
comprises a plurality of transferring heads and the plurality
of the transferring heads are disposed at intervals.
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