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(57) ABSTRACT

The present invention provides a micro transfer printing
method, which uses pick-up projections provided on a
transfer head to suck and hold micro components arranged
on a carrier plate, followed by reversing the transfer head
and the carrier plate to make the transfer head positioned
under the carrier plate, and then separates the transfer head
and the carrier plate from each other to allow the micro
components that are sucked and held by the pick-up pro-
jections to be carried by and supported on the transfer head,
and then moves the transfer head that carries thereon the
micro components to a location above a receiving substrate
and turning the transfer head up side down to allow the
micro components that are held on the pick-up projections to
be positioned on the receiving substrate. In the micro
transfer printing method of the present invention, during the
course that the transfer head transfers the micro components,
the micro components are carried by and supported on the
transfer head and compared to the prior art, holding the
micro components on the transfer head does not require any
means to overcome influence caused by the gravity so as to
ensure stable and smooth transfer of the micro components
by the transfer head to thereby allowing for fast movement
of the transfer head and thus effectively increasing transfer
rate and speed of the transfer head.

providing a transfer head and a carrier plate, using a pick-up projection of the
transfer head to pick up a micro component provided on the carrier plate
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reversing the transfer head and the carrier plate and separating the transfer head
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providing a receiving substrate, moving the transfer head that carries the micro
component thereon to a location above the receiving substrate, and turning the
transfer head up side down and positioning the micro component on the
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MICRO TRANSFER PRINTING METHOD
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to the field of display
technology, and more particular to a micro transfer printing
method.

2. The Related Arts

[0002] A micro light-emitting diode (LED) is a device
having a size between several microns and hundreds of
microns. Since it is much smaller than regular LED:s in size,
it becomes possible to use a single LED to serve as a pixel
for displaying purposes. A micro LED display is a display
device that displays an image with a display pixel array that
is made up of a high-density arrangement of micro LED
array, which, similar to a large scale outdoor LED display
panel, allows each of the pixels to be addressable and
individually drivable for light emission and can be consid-
ered as a miniature version of the outdoor LED display
panel, wherein pixel distance is reduced from the order of
millimeters to the order of microns. The micro LED display,
similar to an organic light-emitting diode (OLED) display, is
a self-luminous display, but compared to the OLED display,
the micro LED display shows advantages, such as better
material stability, extended life span, and being free of
burn-in, and is considered the most powerful competitor of
the OLED display.

[0003] In consideration of lattice match, the micro LED
device must be first grown, through molecular beam epitaxy,
on a sapphire type supply substrate, and followed by appli-
cation of laser lift-off (LLO) technology to separate a micro
LED bare chip from the supply substrate to be subsequently
transferred, through micro transfer print, to a receiving
substrate that is formed, in advance, with a circuit pattern, to
form a micro LED array, which can be used to make a micro
LED display panel. The basic principle of micro transfer
printing of micro LEDs is generally as follows. A transfer
head that comprises a pattern, such as a polydimethylsilox-
ane (PDMS) transfer head having an projection structure, is
used to pick up, through suction, the micro LED bare chip
from the supply substrate by means of a PDMS transfer layer
that is adhesive, and then, the PDMS transfer head and the
receiving substrate are aligned with each other, followed by
having the micro LED bare chip that is picked and held by
the PDMS transfer head attached to a predetermined loca-
tion on the receiving substrate and then having the PDMS
transfer head separated from the receiving substrate to
complete the transfer of the micro LED bare chip and form
a micro LED array.

[0004] Contemporary study results concerning micro LED
display have been published by X-Celeprint Ltd., Ireland,
and Texas University, USA. The industry does not pay
attention to the advantage of the micro LED technology until
the acquisition of LuxVue Technology Co., USA, by Apple
Inc., USA, in the year of 2014. The technology owned by
LuxVue Technology Co., is largely different from the micro
transfer printing technology of X-Celeprint Ltd. in that
X-Celeprint Ltd. uses the suction-attracting force provided
by a film structure, such as PDMS, to carry out a transfer
operation, while LuxVue Technology Co. applies electricity
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to projections of a transfer head and uses an electrostatic
force to suction-attract a micro LED device.

[0005] No matter what way of suction-attraction carried
out on a transfer head, the technical key issues are the
transfer rate and speed of the transfer head. During the
movement of a transfer head in a known micro transfer
printing process, the transfer head, when suction-attracting
parts having sizes of micrometer order, such as LED and
integrated circuits (ICs), from a backing that supplies the
parts, is actually operated to overcome the gravity and an
attaching force of the backing. During movement and trans-
fer processes, gravity also plays a role that affects the
operations. Under the assumption that the transfer head has
a fast moving speed, a consequence could occur that the
devices, such as micro LEDs, fall from the transfer head
during the movement. On the other hand, any effort attempt-
ing to enhance stability of the transfer process may affect the
productivity due to compromise of moving speed of the
transfer head.

SUMMARY OF THE INVENTION

[0006] An objective of the present invention is to provide
a micro transfer printing method that effectively increases
transfer rate and speed of a transfer head.

[0007] To achieve the above objective, the present inven-
tion provides a micro transfer printing method, which com-
prises the following steps:

[0008] Step S1: providing a transfer head and a carrier
plate, wherein the transfer head comprises a plurality of
pick-up projections and each of the pick-up projections
comprises a suction surface; and the carrier plate receives a
plurality of micro components provided thereon, wherein
the transfer head is positionable on the carrier plate such that
the suction surfaces of the pick-up projections face down-
wards to have the suction surfaces of the pick-up projections
in contact engagement with the micro components provided
on the carrier plate so as to allow the pick-up projections of
the transfer head to pick and hold the micro components of
the carrier plate thereon;

[0009] Step S2: reversing the transfer head and the carrier
plate so that the transfer head is located under the carrier
plate and the suction surfaces of the pick-up projections face
upward, and then, separating the transfer head and the
carrier plate from each other such that the transfer head
carries thereon the micro components that are picked and
held by the pick-up projections in Step S1; and

[0010] Step S3: providing a receiving substrate, moving
the transfer head that carries the micro components thereon
to a location above the receiving substrate, turning the
transfer head up side down such that the transfer head is
located above the receiving substrate and the suction sur-
faces of the pick-up projections face downward, and posi-
tioning the micro components picked and held by the
pick-up projections on the receiving substrate.

[0011] In the transfer head provided in Step S1, the suction
surface of each of the pick-up projections is provided
thereon with a stop wall.

[0012] The stop wall of each of the pick-up projections is
provided on at least one side edge of the suction surface.
[0013] In Step S2, the micro component picked and held
by each of the pick-up projections has a height that is greater
than a height of the stop wall of the pick-up projection.
[0014] The stop wall of the transfer head is formed with a
photolithographic operation.
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[0015] The micro components are micro LED:s.

[0016] The micro components each comprise a metal
electrode and the receiving structure provided in Step S3
comprises a TFT array substrate.

[0017] Step S3 further comprises making conduction
between the metal electrodes of the micro components and
the receiving substrate and allowing the micro components
to be fixed to the receiving substrate.

[0018] The micro components are micro integrated circuit
chips.
[0019] The transfer head comprises a polydimethylsilox-

ane (PDMS) transfer head and the pick-up projections are
made of a PDMS material so that in Step S1, the micro
components are picked up by means of an adhesive property
of the pick-up projections.

[0020] The present invention also provides a micro trans-
fer printing method, which comprises the following steps:
[0021] Step S1: providing a transfer head and a carrier
plate, wherein the transfer head comprises a plurality of
pick-up projections and each of the pick-up projections
comprises a suction surface; and the carrier plate receives a
plurality of micro components provided thereon, wherein
the transfer head is positionable on the carrier plate such that
the suction surfaces of the pick-up projections face down-
wards to have the suction surfaces of the pick-up projections
in contact engagement with the micro components provided
on the carrier plate so as to allow the pick-up projections of
the transfer head to pick and hold the micro components of
the carrier plate thereon;

[0022] Step S2: reversing the transfer head and the carrier
plate so that the transfer head is located under the carrier
plate and the suction surfaces of the pick-up projections face
upward, and then, separating the transfer head and the
carrier plate from each other such that the transfer head
carries thereon the micro components that are picked and
held by the pick-up projections in Step S1; and

[0023] Step S3: providing a receiving substrate, moving
the transfer head that carries the micro components thereon
to a location above the receiving substrate, turning the
transfer head up side down such that the transfer head is
located above the receiving substrate and the suction sur-
faces of the pick-up projections face downward, and posi-
tioning the micro components picked and held by the
pick-up projections on the receiving substrate;

[0024] wherein in the transfer head provided in Step S1,
the suction surface of each of the pick-up projections is
provided thereon with a stop wall; and

[0025] wherein the transfer head comprises a polydimeth-
ylsiloxane (PDMS) transfer head and the pick-up projections
are made of a PDMS material so that in Step S1, the micro
components are picked up by means of an adhesive property
of the pick-up projections.

[0026] The efficacy of the present invention is that the
present invention provides a micro transfer printing method,
which uses pick-up projections provided on a transfer head
to suck and hold micro components arranged on a carrier
plate, followed by reversing the transfer head and the carrier
plate to make the transfer head positioned under the carrier
plate, and then separates the transfer head and the carrier
plate from each other to allow the micro components that are
sucked and held by the pick-up projections to be carried by
and supported on the transfer head, and then moves the
transfer head that carries thereon the micro components to a
location above a receiving substrate and turning the transfer
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head up side down to allow the micro components that are
held on the pick-up projections to be positioned on the
receiving substrate. In the micro transfer printing method of
the present invention, during the course that the transfer
head transfers the micro components, the micro components
are carried by and supported on the transfer head and
compared to the prior art, holding the micro components on
the transfer head does not require any means to overcome
influence caused by the gravity so as to ensure stable and
smooth transfer of the micro components by the transfer
head to thereby allowing for fast movement of the transfer
head and thus effectively increasing transfer rate and speed
of the transfer head.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] For better understanding of the features and tech-
nical contents of the present invention, reference will be
made to the following detailed description of the present
invention and the attached drawings. However, the drawings
are provided only for reference and illustration and are not
intended to limit the present invention.

[0028] In the drawings:

[0029] FIG. 1 is a flow chart illustrating a micro transfer
printing method according to the present invention;

[0030] FIGS. 2-3 are schematic views illustrating Step S1
of the micro transfer printing method according to the
present invention;

[0031] FIGS. 4-6 are schematic views illustrating Step S2
of the micro transfer printing method according to the
present invention;

[0032] FIGS. 7-9 are schematic views illustrating Step S3
of the micro transfer printing method according to the
present invention;

[0033] FIG. 10 is a schematic view, in an enlarged scale,
showing a pick-up projection of a transfer head used in the
micro transfer printing method according to the present
invention;

[0034] FIG. 11 is a schematic view showing a micro
component transferred by the transfer head in Step S3 of the
micro transfer printing method according to the present
invention in a condition of being in alignment with a pick-up
projection;

[0035] FIG. 12 is a schematic view showing a pick-up
projection provided with stop walls arranged on two oppo-
site side edges of a suction surface thereof in the micro
transfer printing method according to the present invention,
and

[0036] FIG. 13 is a schematic view showing a pick-up
projection provided with stop walls arranged on four side
edges of a suction surface thereof in the micro transfer
printing method according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0037] To further expound the technical solution adopted
in the present invention and the advantages thereof, a
detailed description will be given with reference to the
preferred embodiments of the present invention and the
drawings thereof.

[0038] Referring to FIG. 1, the present invention provides
a micro transfer printing method, which comprises the
following steps:
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[0039] Step S1: as shown in FIGS. 2-3, providing a
transfer head 50 and a carrier plate 10, wherein the transfer
head 50 comprises a plurality of pick-up projections 51 and
each of the pick-up projections 51 comprises a suction
surface 511; and the carrier plate 10 receives a plurality of
micro components 40 provided thereon, wherein the transfer
head 50 is positionable on the carrier plate 10 such that the
suction surfaces 511 of the pick-up projections 51 face
downwards to have the suction surfaces 511 of the pick-up
projections 51 in contact engagement with the micro com-
ponents 40 provided on the carrier plate 10 so as to allow the
pick-up projections 51 of the transfer head 50 to pick and
hold the micro components 40 of the carrier plate 10
thereon.

[0040] Step S2: as shown in FIGS. 4-6, reversing the
transfer head 50 and the carrier plate 10 so that the transfer
head 50 is located under the carrier plate 10 and the suction
surfaces 511 of the pick-up projections 51 face upward, and
then, separating the transfer head 50 and the carrier plate 10
from each other such that the transfer head 50 carries thereon
the micro components 40 that are picked and held by the
pick-up projections 51 in Step S1.

[0041] Step S3: as shown in FIGS. 7-9, providing a
receiving substrate 20, moving the transfer head 50 that
carries the micro components 40 thereon to a location above
the receiving substrate 20, turning the transfer head 50 up
side down such that the transfer head 50 is located above the
receiving substrate 20 and the suction surfaces 511 of the
pick-up projections 51 face downward, and positioning the
micro components 40 picked and held by the pick-up
projections 51 on the receiving substrate 20.

[0042] In the micro transfer printing method according to
the present invention, during the course that the transfer
head 50 transfers the micro components 40, the micro
components 40 are carried and supported on the transfer
head 50. Compared to the prior art, holding the micro
components 40 on the transfer head 50 does not require any
means to overcome influence caused by the gravity, so as to
ensure stable and smooth transfer of the micro components
40 by the transfer head 50 in Step S3 to thereby allowing for
fast movement of the transfer head 50 and thus effectively
increasing the transfer rate and speed of the transfer head 50.
[0043] Specifically, the suction surface 511 of each of the
pick-up projections 51 has a size that is larger than a size of
the micro component 40 sucked and held thereby. As shown
in FIG. 10, in the transfer head 50 provided in Step S1, the
suction surfaces 511 of each of the pick-up projections 51
have edges on which stop walls 512 are provided such that
during the process that the micro components 40 are trans-
ferred by the transfer head 50, even the micro components
40 occasionally undergoes vibration and oscillation, due to
an effect of retention achieved with the stop walls 512, the
micro components 40 are prevented from falling out of the
pick-up projections 51.

[0044] Further, the stop walls 512 of each of the pick-up
projections 51 can be provided on one, two, three, or four
side edges of the four edges of the suction surface 511. For
example, as shown in FIG. 12, each of the pick-up projec-
tions 51 has stop walls 512 respectively provided on two
opposite side edges of the suction surface 511; or alterna-
tively, as shown in FIG. 13, each of the pick-up projections
51 has stop walls 512 respectively provided on four side
edges of the suction surface 511 to form a structure that
surrounds the micro component 40.
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[0045] Specifically, the stop walls 512 of the transfer head
50 are formed in a forming process of the transfer head 50
with a photolithographic operation.

[0046] Specifically, as shown in FIG. 11, in Step S2, the
micro component 40 sucked and held on each of the pick-up
projections 51 has a height that is greater than a height of the
stop walls 512 of the pick-up projection 51 so that, in Step
S3, when the transfer head 50 is turned up side down, the
stop walls 512 do not interfere with the micro component 40
being positioned on the receiving substrate 20 thereby
preventing affecting bonding between the micro component
40 and the receiving substrate 20.

[0047] Specifically, the micro components 40 can be
micro light emitting diodes (LEDs), which comprises metal
electrodes 41, and the receiving substrate 20 provided in
Step S3 is a thin-film transistor (TFT) array substrate. In
addition, Step S3 may further comprises making conduction
between the metal electrodes 41 of the micro components 40
and the receiving substrate 20 and allowing the micro
components 40 to be fixed to the receiving substrate 20,
meaning carrying out bonding of the micro components 40,
namely the micro LEDs, to the receiving substrate 20.
[0048] Further, the micro components 40 can alternatively
be other devices having a size of a micrometer scale or even
a smaller size, such as micro integrated circuit chip.
[0049] Specifically, the transfer head 50 is a PDMS trans-
fer head, and the pick-up projections 51 are made of a PDMS
material so that in Step S1, the micro components 40 are
picked up by means of the adhesive property of the pick-up
projections 51. In addition, the transfer head 50 can alter-
natively be other types of transfer head, such as a transfer
head that carries out picking by means of an electrostatic
force.

[0050] Insummary, the present invention provides a micro
transfer printing method, which uses pick-up projections
provided on a transfer head to suck and hold micro compo-
nents arranged on a carrier plate, followed by reversing the
transfer head and the carrier plate to make the transfer head
positioned under the carrier plate, and then separates the
transfer head and the carrier plate from each other to allow
the micro components that are sucked and held by the
pick-up projections to be carried by and supported on the
transfer head, and then moves the transfer head that carries
thereon the micro components to a location above a receiv-
ing substrate and turning the transfer head up side down to
allow the micro components that are held on the pick-up
projections to be positioned on the receiving substrate. In the
micro transfer printing method of the present invention,
during the course that the transfer head transfers the micro
components, the micro components are carried by and
supported on the transfer head and compared to the prior art,
holding the micro components on the transfer head does not
require any means to overcome influence caused by the
gravity so as to ensure stable and smooth transfer of the
micro components by the transfer head to thereby allowing
for fast movement of the transfer head and thus effectively
increasing transfer rate and speed of the transfer head.
[0051] Based on the description given above, those having
ordinary skills in the art may easily contemplate various
changes and modifications of the technical solution and the
technical ideas of the present invention. All these changes
and modifications are considered belonging to the protection
scope of the present invention as defined in the appended
claims.
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What is claimed is:

1. A micro transfer printing method, comprising the

following steps:

Step S1: providing a transfer head and a carrier plate,
wherein the transfer head comprises a plurality of
pick-up projections and each of the pick-up projections
comprises a suction surface; and the carrier plate
receives a plurality of micro components provided
thereon, wherein the transfer head is positionable on
the carrier plate such that the suction surfaces of the
pick-up projections face downwards to have the suction
surfaces of the pick-up projections in contact engage-
ment with the micro components provided on the
carrier plate so as to allow the pick-up projections of
the transfer head to pick and hold the micro compo-
nents of the carrier plate thereon;

Step S2: reversing the transfer head and the carrier plate
so that the transfer head is located under the carrier
plate and the suction surfaces of the pick-up projections
face upward, and then, separating the transfer head and
the carrier plate from each other such that the transfer
head carries thereon the micro components that are
picked and held by the pick-up projections in Step S1;
and

Step S3: providing a receiving substrate, moving the
transfer head that carries the micro components thereon
to a location above the receiving substrate, turning the
transfer head up side down such that the transfer head
is located above the receiving substrate and the suction
surfaces of the pick-up projections face downward, and
positioning the micro components picked and held by
the pick-up projections on the receiving substrate.

2. The micro transfer printing method as claimed in claim

1, wherein in the transfer head provided in Step S1, the
suction surface of each of the pick-up projections is pro-
vided thereon with a stop wall.

3. The micro transfer printing method as claimed in claim

2, wherein the stop wall of each of the pick-up projections
is provided on at least one side edge of the suction surface.

4. The micro transfer printing method as claimed in claim

2, wherein in Step S2, the micro component picked and held
by each of the pick-up projections has a height that is greater
than a height of the stop wall of the pick-up projection.
5. The micro transfer printing method as claimed in claim
2, wherein the stop wall of the transfer head is formed with
a photolithographic operation.

6. The micro transfer printing method as claimed in claim
1, wherein the micro components are micro light emitting
diodes (LEDs).

7. The micro transfer printing method as claimed in claim

6, wherein the micro components each comprise a metal
electrode and the receiving structure provided in Step S3
comprises a thin-film transistor (TFT) array substrate.

8. The micro transfer printing method as claimed in claim

7, wherein Step S3 further comprises making conduction
between the metal electrodes of the micro components and
the receiving substrate and allowing the micro components
to be fixed to the receiving substrate.

9. The micro transfer printing method as claimed in claim

1, wherein the micro components are micro integrated
circuit chips.

10. The micro transfer printing method as claimed in

claim 1, wherein the transfer head comprises a polydimeth-
ylsiloxane (PDMS) transfer head and the pick-up projections
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are made of a PDMS material so that in Step S1, the micro
components are picked up by means of an adhesive property
of the pick-up projections.

11. A micro transfer printing method, comprising the
following steps:

Step S1: providing a transfer head and a carrier plate,
wherein the transfer head comprises a plurality of
pick-up projections and each of the pick-up projections
comprises a suction surface; and the carrier plate
receives a plurality of micro components provided
thereon, wherein the transfer head is positionable on
the carrier plate such that the suction surfaces of the
pick-up projections face downwards to have the suction
surfaces of the pick-up projections in contact engage-
ment with the micro components provided on the
carrier plate so as to allow the pick-up projections of
the transfer head to pick and hold the micro compo-
nents of the carrier plate thereon;

Step S2: reversing the transfer head and the carrier plate
so that the transfer head is located under the carrier
plate and the suction surfaces of the pick-up projections
face upward, and then, separating the transfer head and
the carrier plate from each other such that the transfer
head carries thereon the micro components that are
picked and held by the pick-up projections in Step 81,
and

Step S3: providing a receiving substrate, moving the
transfer head that carries the micro components thereon
to a location above the receiving substrate, turning the
transfer head up side down such that the transfer head
is located above the receiving substrate and the suction
surfaces of the pick-up projections face downward, and
positioning the micro components picked and held by
the pick-up projections on the receiving substrate;

wherein in the transfer head provided in Step S1, the
suction surface of each of the pick-up projections is
provided thereon with a stop wall; and

wherein the transfer head comprises a polydimethylsilox-
ane (PDMS) transfer head and the pick-up projections
are made of a PDMS material so that in Step S1, the
micro components are picked up by means of an
adhesive property of the pick-up projections.

12. The micro transfer printing method as claimed in
claim 11, wherein the stop wall of each of the pick-up
projections is provided on at least one side edge of the
suction surface.

13. The micro transfer printing method as claimed in
claim 11, wherein in Step S2, the micro component picked
and held by each of the pick-up projections has a height that
is greater than a height of the stop wall of the pick-up
projection.

14. The micro transfer printing method as claimed in
claim 11, wherein the stop wall of the transfer head is formed
with a photolithographic operation.

15. The micro transfer printing method as claimed in
claim 11, wherein the micro components are micro light
emitting diodes (LEDs).

16. The micro transfer printing method as claimed in
claim 15, wherein the micro components each comprise a
metal electrode and the receiving structure provided in Step
S3 comprises a thin-film transistor (TFT) array substrate.

17. The micro transfer printing method as claimed in
claim 16, wherein Step S3 further comprises making con-
duction between the metal electrodes of the micro compo-
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nents and the receiving substrate and allowing the micro
components to be fixed to the receiving substrate.

18. The micro transfer printing method as claimed in
claim 11, wherein the micro components are micro inte-
grated circuit chips.
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providing a transfer head and a carrier plate, using a pick-up projection of the
transfer head to pick up a micro component provided on the carrier plate

Sl

reversing the transfer head and the carrier plate and separating the transfer head
and the carrier plate from each other such that the transfer head carries thereon
the micro component that is picked and held by the pick-up projection in Step S1 /S 2

receiving substrate

providing a receiving substrate, moving the transfer head that carries the micro
component thereon to a location above the receiving substrate, and turning the
transfer head up side down and positioning the micro component on the /S 3
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