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7) ABSTRACT

This disclosure provides a transfer printing template, includ-
ing a transfer substrate, one surface of the substrate has a
array of bulges, the bulge surface and gap between the
bulges are covered with a colloid varying its viscosity with
temperature change. This disclosure also provides a transfer
printing device of uLED, including a rack, the rack is
provided with a standby platform and a transfer platform. A
transfer mechanism is provided above the rack, can move
between the two platforms and be vertically movable, the
template is arranged on the mechanism, the bulges are
disposed opposite to the two platforms. A device for heating
the template is arranged on the mechanism, the template is
fixed on the device by fasteners; a cooling device is provided
in the transfer platform. Compared with the prior art, the
transfer of pLED by adjusting temperature can be achieved,
is a simple structure and high efficiency.
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TRANSFER PRINTING TEMPLATE AND
TRANSFER PRINTING DEVICE OF MICRO
LIGHT-EMITTING DIODE

TECHNICAL FIELD

[0001] This disclosure relates to a micro light-emitting
diode display technology, especially a kind of micro light-
emitting diode transfer printing device.

DESCRIPTION OF RELATED ART

[0002] Flat-panel display device becomes mainstream of
display device due to its advantages of high-definition,
power-saving, thin body and wide scope of application, are
widely used in mobile phones, televisions, personal digital
assistants, digital cameras, notebook computers, desktop
computers and other consumer electronics products.

[0003] Micro light-emitting diode (Micro LED, uLED)
display is a display on a substrate in a high density integrated
micro-sized LED array as a display pixel to achieve the
image display, as same as a large outdoor light-emitting
diode display, each pixel is addressable, individually driven
lighting, can be seen as a smaller version of the outdoor
light-emitting diode display, the pixel distance reduced from
millimeter to micron level; pLED displays and organic
light-emitting diode (OLED) displays are all as part of
self-luminous display. However, compared to OLED dis-
plays, uLED display has better material stability and longer
lifetime, no image sticking, are considered as the biggest
rival of OLED displays. Micro Transfer Printing technology
is currently the main method for preparing pLED display
device, the specific preparation process: first, grow uLED on
a sapphire substrate, then by laser lift-off (LLO) technique,
separated a uLLED bare chip from the sapphire substrate, and
then using a patterned Polydimethylsiloxane (PDMS) trans-
fer head adsorbs the pLLED bare chips from the sapphire
substrate, and align the PDMS transfer head with the receiv-
ing substrate, then attach the pLLED bare chip which PDMS
transfer head adsorbed to a preset location on the receiving
substrate, then peel the PDMS transfer head, to complete the
transfer of the nLED bare chip to the receiver substrate,
thereby to obtain uLED display device.

[0004] At present, the general method is to use energized
adsorption or adhesion method of PDMS for transfer print-
ing. When using PDMS way for peeling, it is a difficult to
control the peeling effect; when using energized adsorption,
it requires to conduct each suction head, and it is not only
complex but also ineffective-peeling; currently, there is a
technique by using temperature control to the transfer print-
ing of PLED, its principle is by low temperature fugitive
colloid, its transfer process is divided into adsorption-trans-
fer-cooling and finish the transfer printing, both of the above
transfer printing method is not only complicated and inef-
ficient.

SUMMARY

[0005] To overcome the deficiencies of the prior art, this
disclosure provides a transfer printing template and a trans-
fer printing device of pLED, is not only a simple structure
but also high transfer efficiency.

[0006] This disclosure provides a transfer printing tem-
plate, including a transfer substrate, surface of one side of
the transfer substrate has a uniform array of bulges, surface
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of the bulges and gap between the bulges are covered with
a colloid varying its viscosity with temperature change.

[0007] Further, the shape of bulges is rectangular.

[0008] Further, the gap distance between the bulges is
equal.

[0009] This disclosure also provides a transfer printing

device of WLED including a rack, the rack is provided with
a standby platform and a transfer platform adjacent to the
standby platform. a transfer mechanism is provided above
the rack, can move from the standby platform to the transfer
platform and be vertically movable, the transfer printing
template is arranged on the transfer mechanism, the bulges
are disposed opposite to the standby platform and the
transfer platform. The heating device for heating the transfer
printing template is arranged on the transfer mechanism, a
heating surface of the heating device faces downward, the
transfer printing template is fixed on the heating surface of
the heating device by fasteners, a cooling device for cooling
the transfer printing template is provided in the transfer
platform, the cooling surface is opposite to the heating
surface. The power supply is arranged on the rack, the power
is supplied respectively to heating device, cooling device
and transfer mechanism.

[0010] Further, the shape of the bulges is rectangular.
[0011] Further, the gap distance between the bulges is
equal.

[0012] Further, a guide rail provided on the rack and

located above the standby platform and the transfer plat-
form, a first transmission mechanism for driving the heating
device and the horizontal movement of the transfer printing
template and a second transmission mechanism for driving
the heating device and the vertical movement of the transfer
printing template, the second transmission mechanism is
fixed connection with a slide of the guide rail 15.

[0013] Further, the first transmission mechanism includes
wheels provided at both ends of the guide rail, the wheel axis
is perpendicular to the guide rail, one of the wheels is
provided with a drive motor, there are sets of belts on the two
wheels, the second transmission mechanism is connected
with belts by fixed blocks.

[0014] Further, the second transmission mechanism is a
cylinder, the axis of the piston rod of the cylinder is
perpendicular to the guide rail, and heating device is pro-
vided at the lower end of the piston rod.

[0015] Compared with the prior art, by providing the
colloid varying its viscosity with temperature change on the
transfer substrate and the matching transfer printing device,
this disclosure achieves the transfer printing of pLEDs by
temperature regulation, and is not only a simple structure but
also high transfer efficiency.

BRIEF DESCRIPTION

[0016] FIG. 1 is a schematic view of the transfer printing
template of this disclosure.

[0017] FIG. 2 is a schematic view of the internal structure
of the transfer printing template of this disclosure.

[0018] FIG. 3 is a schematic view of the transfer printing
template of pLED of this disclosure.

[0019] FIG. 4 is a schematic view of the heating device of
this disclosure.
[0020] FIG. 5 is a schematic view of the cooling device of

this disclosure.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0021] This disclosure is described in detail below in
conjunction with the accompanying drawings and the
embodiments.

[0022] As shown in FIG. 1 and FIG. 2, the transfer
printing template 14 of this disclosure includes a plate-
shaped transfer substrate 1, there is a uniform array of bulges
2 on one surface side of the transfer substrate, the surface of
the bulges 2 and the gap between the bulges 2 are covered
with temperature-control colloid 3 varying its viscosity with
temperature change. The temperature-controlled colloid 3 is
temperature-control one which can be peeled at low tem-
perature, and the colloid loses its viscosity and can be peeled
off at a temperature between 20-60° C.

[0023] In particular, the shape of the bulges 2 is rectan-
gular with surface size is adapted to the size of the uLED of
the supply substrate 11; the gap distance between the bulges
2 is equal; particularly, the gap distance between the bulges
2 is equal to the gap distance between two pLEDs on the
supply substrate 11, to achieve adsorption.

[0024] The transfer substrate of this disclosure is made of
a flexible material, such as PDMS (polydimethylsiloxane),
PI (Polyimide) or PET (Polyethylene terephthalate).

[0025] As shown in FIG. 3, this disclosure also discloses
a ULED transfer printing device includes a rack 4, provided
with a standby platform 5 and a transfer platform 6 adjacent
to standby platform 5; standby platform 5 is used for loading
the supply substrate 11, and the transfer platform 6 is used
for loading a receiving substrate 12; Above the rack is
provided with the transmission mechanism 7, which can be
move horizontally from the standby platform 5 to the
transfer platform 6; the transmission mechanism 7 is pro-
vided with the transfer printing template 14; the transfer
printing template 14 includes a plate-shaped transfer sub-
strate (as shown in FIGS. 1 and 2); there is a uniform array
of bulges 2 on one surface side of the transfer substrate, the
bulges 2 is opposite to surface of the standby platform 5 and
the transfer platform 6; surface of the bulges 2 and the gap
between bulges 2 are covered with temperature-control
colloid 3 varying its viscosity with temperature change; the
temperature-controlled colloid 3 is temperature-control one
which can be peeled at low temperature, and the colloid
losses its viscosity and can be peeled off at temperature
between 20-60° C.

[0026] The rack 7 is provided with heating device for
heating the transfer printing template 14, the heating surface
of the heating device 9 faces downward; the transfer printing
template 14 is fixed on the heating surface of the heating
device 9 by fasteners; the transfer platform 6 is provided
with the cooling device for cooling the transfer printing
template 14, the cooling surface of transfer platform 6 is
opposite to the heating surface; the power supply 8 is
arranged on the rack 4, which is supplied respectively to the
heating device 9, the cooling device 10 and transfer mecha-
nism 7.

[0027] The transfer printing template 14 of this disclosure
is fixed with the heating device 9 by bolts or cards (not
shown).

[0028] In the uLED transfer printing device of this dis-
closure, the shape of the bulges 2 is rectangular with surface
size is adapted with the size of the pLED of the supply
substrate 11; the gap distance between the bulges 2 is equal,
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particularly, the gap distance between the bulges 2 is equal
to the gap distance between two pLEDs on the substrate 11,
to achieve adsorption.

[0029] As shown in FIG. 3, the transfer mechanism 7
includes a guide rail 15 provided on the rack 4 and located
above the standby platform 5 and the transfer platform 6, the
first transmission mechanism for driving the heating device
9 and the horizontal movement of the transfer printing
template 14 and the second transmission mechanism for
driving the heating device 9 and the vertical movement of
the transfer printing template 14, the second transmission
mechanism 1s fixed connection with a slide of the guide rail
15.

[0030] In this disclosure, the first transmission mechanism
and the second transmission mechanism can achieve the
horizontal and vertical movement via the prior art such as
the transmission of transmission belts, gear rack, and screw
rotation.

[0031] As shown in FIG. 3, as an example of the first
transmission mechanism, the first transmission mechanism
includes the wheels 16 provided at both ends of the guide
rail, and the axis of the wheels 16 is vertical to the guide rail,
one of the wheels 16 is provided with drive motor 17, there
are sets of bets on the wheels 16; the second transmission
mechanism is connected with the belt 18 by fixed block; the
two wheels 16 are fixed on the rack 4 by two L-shaped
mounting bracket; the drive motor 17 is connected to the
power supply 8.

[0032] As shown in FIG. 3, as an example of the second
transmission mechanism, the second transmission mecha-
nism of this disclosure is the cylinder 19, the shaft axis of the
cylinder 19 is vertical to the guide rail 15, the block of the
cylinder 19 is fixed connection with the slide of the guide
rail 15 and transmission belt 18, the connection of the
cylinder 19 and the transmission belt 18 in particular is
connected to the upper side or lower side of the belt 18; the
heating device 9 is disposed at the lower end of the piston
rod of the cylinder 19.

[0033] Working principle of this disclosure is as follows:
by the first transmission mechanism, the heating device 9
and transfer printing template 14 are moved horizontally
above the standby platform 5, the heating device 9 is turned
on to heat the transfer printing template 14, so that the
viscosity of the tempture-control collide 3 becomes larger;
the heating device 9 and the transfer printing template 14 are
driven by the second transmission mechanism drives to
move downward; after the transfer printing template 14
attaches the pLED from the supply substrate 11, the heating
device 9 and the transfer printing template 14 are driven by
the second transmission mechanism to move upward, and
are moved above the transfer platform 6 by the first trans-
mission mechanism; the heating device 9 and the transfer
printing template 14 are driven by the second transmission
mechanism to move downward; at this moment, the cooling
device 10 is turned on and the heating device is turned off.
When the transfer printing template 14 is moved downward
to the top of the receiving substrate 12, the viscosity of the
temperature-controlled colloid was reduced due to the
reduction of temperature, so that the puLED 13 can be peeled
from the transfer printing template 14, to complete the
transfer of pLED 13.

[0034] According to this principle, the heating device 9
and the cooling device 10 of this disclosure may be reversed
according to temperature properties of the temperature-
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controlled colloid 3, that is, if the temperature-controlled
colloid 3 is heating peeled colloid, the peeling can be
processed at 30-50° C.; at this time, the setting positions of
the heating device 9 and the cooling device 10 are opposite,
that is, the cooling device 10 is provided on the transmission
mechanism 7, and the heating device 9 is provided on the
transfer platform 6.

[0035] The heating device of this disclosure may be
employed in heating platforms of the prior art, such as the
thermostatic heating platform; or the following manner can
be used to achieve as shown in FIG. 4, includes a metal plate
20 having a heating surface, the metal plate 20 is provided
with a PTC heating film 21; the PTC heating film 21 is
powered by the power supply 8, then heat is generated from
the PTC heating film 21 and conducted to the transfer
printing template through the metal plate 20, so that the
temperature-controlled colloid 3 is melted to attach the
uLED 13.

[0036] The cooling device for this disclosure can be
employed by the ones as shown in FIG. 5, includes a metal
container 22, which can be loaded with a cooling medium;
the section of the metal container 22 is rectangular, the metal
container 22 constitutes the transfer platform 6, the cooling
surface in the opposite side of the heating device is formed,
the metal container 22 is loaded with a cooling medium, the
cavity of the metal container 22 is connected to a storage
tank 24 filled with a cooling medium through the first
solenoid valve 23, the metal container 22 also has a exhaust
port 25, the exhaust port 25 is provided with the second
solenoid valve 27. When the transfer printing template
adhered to pLED arrives to the top of the receiving substrate
12 on the cooling surface of the transfer platform 6, the
receiving substrate 12 is cooled by cooling surface, the
cooling temperature was conducted to the temperature-
controlled colloid 3 through pLED, the viscosity of the
temperature-controlled colloid 3 is reduced, so that the
PLED 13 is peeled from transfer printing template to achieve
transfer printing; the first solenoid valve 23 and the second
solenoid valve 27 are all connected to the power supply 8.
[0037] In this disclosure, the cooling medium is liquid
nitrogen or dry ice.

[0038] This disclosure can also be provided with a PLC
(programmable logic) for controlling the operation of parts
such as the heating device 9, the cooling device 10, and the
transfer mechanism 7.

[0039] Although the disclosure has been described with
reference to a particular embodiment, those skilled in the art
will understand that a number of variations may be made in
form and detail without departing from the spirit and scope
of the appended claims and their equivalents of this disclo-
sure.

What is claimed is:

1. A transfer printing template, comprising a transfer
substrate, wherein surface of one side of the transfer sub-
strate has a uniform array of bulges. surface of the bulges
and gap between the bulges are covered with a colloid
varying its viscosity with temperature change.

2. The transfer printing template according to claim 1,
wherein the shape of the bulges is rectangular.

3. The transfer printing template according to claim 1,
wherein the gap distance between the bulges is equal.

4. The transfer printing template according to claim 2,
wherein the gap distance between the bulges is equal.
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5. A transfer printing device of micro light-emitting diode
(LLED), comprising: a rack, the rack is provided with a
standby platform and a transfer platform adjacent to the
standby platform, a transfer mechanism is provided above
the rack, can move from the standby platform to the transfer
platform and be vertically movable, a transfer printing
template is arranged on the transfer mechanism, the transfer
template comprises a transfer substrate, there is an uniform
array of bulges on one side surface of the transfer substrate,
surface of the bulges and gap between the bulges are covered
with colloid varying its viscosity with temperature change,
the bulges are disposed oppositely to the standby platform
and the transfer platform, a heating device for heating the
transfer printing template is arranged on the transfer mecha-
nism, a heating surface of the heating device faces down-
ward, the transfer printing template is fixed on the heating
surface of the heating device by fasteners, a cooling device
for cooling the transfer printing template is provided in the
transfer platform the cooling surface is opposite to the
heating surface, a power supply is arranged on the rack, the
power is supplied respectively to the heating device, the
cooling device and the transfer mechanism.

6. The transfer printing device of pLED according to
claim 5, wherein the shape of the bulges is rectangular.

7. The transfer printing device of pLED according to
claim 5, wherein the gap distance between the bulges is
equal.

8. The transfer printing device of pLED according to
claim 5, wherein the transfer mechanism comprises a guide
rail provided on the rack and located above the standby
platform and the transfer platform, a first transmission
mechanism for driving the heating device and the horizontal
movement of the transfer printing template and a second
transmission mechanism for driving the heating device and
the vertical movement of the transfer printing template, the
second transmission mechanism is fixed connection with a
slide of the guide rail.

9. The transfer printing device of pLED according to
claim 6, wherein the transfer mechanism comprises a guide
rail provided on the rack and located above the standby
platform and the transfer platform, a first transmission
mechanism for driving the heating device and the horizontal
movement of the transfer printing template and a second
transmission mechanism for driving the heating device and
the vertical movement of the transfer printing template, the
second transmission mechanism is fixed connection with a
slide of the guide rail.

10. The transfer printing device of pLED according to
claim 7, wherein the transfer mechanism comprises a guide
rail provided on the rack and located above the standby
platform and the transfer platform, a first transmission
mechanism for driving the heating device and the horizontal
movement of the transfer printing template and a second
transmission mechanism for driving the heating device and
the vertical movement of the transfer printing template, the
second transmission mechanism is fixed connection with a
slide of the guide rail.

11. The transfer printing device of pLED according to
claim 8, wherein the first transmission mechanism com-
prises wheels provided at both ends of the guide rail, the
wheel axis is perpendicular to the guide rail, one of the
wheels is provided with a drive motor, the two wheels are
provided with a belt, and the second transmission mecha-
nism is connected to the belt by a fixed block.
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12. The transfer printing device of nLED according to
claim 9, wherein the first transmission mechanism com-
prises wheels provided at both ends of the guide rail, the
wheel axis is perpendicular to the guide rail, one of the
wheels is provided with a drive motor, the two wheels are
provided with a belt, and the second transmission mecha-
nism is connected to the belt by a fixed block.

13. The transfer printing device of uLED according to
claim 10, wherein the first transmission mechanism com-
prises wheels provided at both ends of the guide rail, the
wheel axis is perpendicular to the guide rail, one of the
wheels is provided with a drive motor, the two wheels are
provided with a belt, and the second transmission mecha-
nism is connected to the belt by a fixed block.

14. The transfer printing device of nLED according to
claim 11, wherein the second transfer mechanism is a
cylinder, the axis of the piston rod of the cylinder is
perpendicular to the guide rail, and the heating device is
provided at the lower end of the piston rod of the cylinder.

15. The transfer printing device of nLED according to
claim 12, wherein the second transfer mechanism is a
cylinder, the axis of the piston rod of the cylinder is
perpendicular to the guide rail, and the heating device is
provided at the lower end of the piston rod of the cylinder.

16. The transfer printing device of the WLED according to
claim 13, wherein the second transfer mechanism is a
cylinder, the axis of the piston rod of the cylinder is
perpendicular to the guide rail, and the heating device is
provided at the lower end of the piston rod of the cylinder.
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