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(57) ABSTRACT

The present invention relates generally to a micro LED
transfer head transferring a micro light-emitting diode (mi-
cro LED) from a first substrate to a second substrate. More
particularly, the present invention relates to a micro LED
transfer head holding and transferring a micro LED in which
holding portions and surrounding areas of the holding por-
tions are configured of different materials.
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MICRO LED TRANSFER HEAD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Korean
Patent Application No. 10-2019-0001684, filed Jan. 7, 2019,
the entire contents of which is incorporated herein for all
purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a micro LED
transfer head transferring a micro light-emitting diode (mi-
cro LED) from a first substrate to a second substrate.

Description of the Related Art

[0003] Currently, the display market remains dominated
by LCDs, but OLEDs are quickly replacing LCDs and
emerging as mainstream products. In the current situation in
which display makers are rushing to participate in the OLED
market, micro light-emitting diode (hereinafter, referred to
as micro LED) displays have emerged as another type of
next generation display. Micro LED is not a package type
covered with molding resin or the like but a piece obtained
by cutting out a wafer used for crystal growth. Liquid crystal
and organic materials are the core materials of LCDs and
OLED:s, respectively, whereas the micro LED display uses
1 pm to 100 um of LED chips as a light emitting material.
[0004] Since the term “micro LED” emerged in a patent
“MICRO-LED ARRAYS WITH ENHANCED LIGHT
EXTRACTION” in 1999 (Korean Patent No. 10-0731673,
hereinafter referred to as ‘Related Art 1”) disclosed by Cree
Inc., related research papers based thereon were subse-
quently published. In order to apply micro LEDs to a
display, it is necessary to develop a customized microchip
based on a flexible material and/or a flexible device using a
micro LED device, and techniques of transferring microm-
eter-sized LED chips and accurately mounting the LED
chips on a display pixel electrode are required.

[0005] Particularly, with regard to the transfer of the micro
LED device to a display substrate, as the LED size is
reduced to 1 um to 100 um, it is impossible to use a
conventional pick-and-place machine, and a technology of a
transfer head for higher precision is required. With respect
to such a technology of a transfer head, several structures
have been proposed as described below.

[0006] Luxvue Technology Corp., USA, proposed a
method of transferring a micro LED using an electrostatic
head (Korean Patent Application Publication No. 10-2014-
0112486, hereinafter referred to as ‘Related Art 2°). A
transfer principle of Related Art Document 1 is that a voltage
is applied to a head unit made of a silicone material so that
the head unit comes into close contact with a micro LED due
to electrification. However, this method may cause damage
to micro LEDs due to electrification caused by the voltage
applied to the head unit during induction of static electricity.
[0007] X-Celeprint Limited, USA, proposed a method of
using an elastic polymer material as a transfer head and
transferring micro LEDs positioned on a wafer to a desired
substrate (Korean Patent Application Publication No.
10-2017-0019415, hereinafter referred to as ‘Related Art 3°).
According to Related Art Document 2, there is no damage
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to micro LEDs as compared with the above-mentioned
electrostatic head. However, adhesive force of the elastic
transfer head is required to be higher than that of a target
substrate in the transfer process to transfer micro LEDs
stably, and an additional process for forming an electrode is
required. In addition, maintaining adhesive force of the
elastic polymer material is an important factor.

[0008] Korea Photonics Technology Institute proposed a
method of transferring a micro LED using a ciliary adhe-
sive-structured head (Korean Patent No. 10-1754528, here-
inafter referred to as ‘Related Art 4’). However, in Related
Art Document 3, it is difficult to manufacture a ciliary
adhesive structure.

[0009] Korea Institute of Machinery and Materials has
proposed a method of transferring a micro LED using a
roller coated with an adhesive (Korean Patent No.
10-1757404, hereinafter referred to as ‘Related Art 5°).
However, Related Art Document 4 has a problem in that
continuous use of the adhesive is required, and the micro
LED may be damaged when pressed with the roller.
[0010] Samsung Display Co., Ltd proposed a method of
transferring micro LEDs to an array substrate according to
electrostatic induction by applying a negative voltage to first
and second electrodes of the array substrate in a state in
which the array substrate is immersed in a solution (Korean
Patent Application Publication No. 10-2017-0026959, here-
inafter referred to as ‘Related Art 6°). However, Related Art
Document 5 has a problem in that a solution is required since
the micro LED is immersed in the solution to transfer to the
array substrate, and a drying process is required.

[0011] LG Electronics Inc. proposed a method in which a
head holder is disposed between multiple pick-up heads and
a substrate and a shape of the head holder is deformed by
movement of the multiple pick-up heads such that the
multiple pick-up heads are allowed to move freely (Korean
Patent Application Publication No. 10-2017-0024906, here-
inafter referred to as ‘Related Art 7°). However, Related Art
Document has a problem in that a process of applying a
bonding material to the pick-up heads is required because
the bonding material having adhesive force is required to be
applied to bonding surfaces of the multiple pick-up heads to
transfer the micro LED.

[0012] In order to solve the above problems of Related Art
Documents, it may be considered that microholes in which
a holding force for micro LEDs is generated are provided in
a transfer head for transferring the micro LEDs. The holes
may be formed in a head unit constituting the transfer head.
The transfer head can hold the micro LEDs by the holding
force generated in the holes of the head unit. In this case, the
head unit of the transfer head may be made of a material
having a high degree of hardness to prevent product defor-
mation. However, when the holding force is generated in the
holes of the head unit to hold the micro LEDs, the micro
LEDs may be damaged due to the high hardness of the head
unit.

[0013] In order to prevent such a micro LED damage
problem when the head unit having a high degree of hard-
ness and the micro LEDs come into contact with each other,
a head unit made of an elastic material may be provided. The
head unit of the elastic material can perform a buffer
function when coming into contact with the micro LEDs,
thereby preventing the micro LED damage problem. How-
ever, the head unit of the elastic material has a high
coeflicient of thermal expansion. When the head unit of the
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elastic material is affected by the temperature during a
process, positional misalignment due to thermal expansion
may occur. In the case of the transfer head, since thousands
to tens of thousands of micro LEDs are held simultaneously,
it is important to align positions of the holes of the head unit
for holding the micro LEDs. However, in the case of the
transfer head including the head unit of the elastic material,
the transfer head may be thermally affected during a process
due to the high coeflicient of thermal expansion, alignment
relative to each micro LED may be misaligned. This may
result in a micro LED transfer error problem in the transfer
head.

[0014] As described above, when focusing on the aspect
of preventing product deformation, the micro LED damage
problem may be caused by the head unit having a high
degree of hardness. On the other hand, when focusing on the
aspect of preventing micro LED damage, the problem that
alignment relative to the micro LEDs is misaligned may be
caused by the head unit made of a material having a high
coeflicient of thermal expansion while providing the buffer
function. Accordingly, the applicant of the present invention
has proposed a method that can improve the problems of the
related art described above and to compensate for the
disadvantages of the technology underlying the present
invention.

[0015] The foregoing is merely intended to aid in the
understanding of the background of the present invention,
and is not intended to imply that the present invention falls
within the purview of the related art that is already known
to those skilled in the art.

DOCUMENTS OF RELATED ART

[0016] (Patent Document 1) Korean Patent No.
10-0731673;
[0017] (Patent Document 2) Korean Patent Application

Publication No. 10-2014-0112486;
[0018] (Patent Document 3) Korean Patent Application
Publication No. 10-2017-0019415;

[0019] (Patent Document 4) Korean Patent No.
10-1754528;
[0020] (Patent Document 5) Korean Patent No.
10-1757404;
[0021] (Patent Document 6) Korean Patent Application

Publication No. 10-2017-0026959; and
[0022] (Patent Document 7) Korean Patent Application
Publication No. 10-2017-0024906

SUMMARY OF THE INVENTION

[0023] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the related
art, and an objective of the present invention is to provide a
micro LED transfer head in which micro LED holding
portions and surrounding areas of the holding portions are
configured of different materials, thereby improving accu-
racy of holding micro LEDs at the holding portions.
[0024] In order to achieve the above objective, according
to one aspect of the present invention, there is provided a
micro LED transfer head, including: a head unit including a
plurality of through-holes formed by passing therethrough
from top to bottom, wherein a thermo-deformable material
is provided in each of the through-holes such that micro
LEDs are held onto surfaces of the thermo-deformable
materials.
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[0025] Furthermore, a support part of the head unit may be
configured of at least one anodic oxide sheet.

[0026] Furthermore, the thermo-deformable materials
may be supported by a support part of the head unit, the
support part surrounding the thermo-deformable materials.
[0027] Furthermore, a temperature control means may be
provided at an upper portion of the head unit.

[0028] Furthermore, the temperature control means may
be a fluid, and when the thermo-deformable materials are
expanded by temperature control of the fluid, the micro
LEDs may be held onto the surfaces of the expanded
thermo-deformable materials, and when the thermo-deform-
able materials are contracted by temperature control of the
fluid, the micro LEDs may be detached from the surfaces of
the contracted thermo-deformable materials.

[0029] Furthermore, the temperature control means may
be a thermo-conductive film, and when the thermo-deform-
able materials are expanded by the thermo-conductive film,
the thermo-deformable materials may hold the micro LEDs,
and when the thermo-deformable materials are contracted by
the thermo-conductive film, the thermo-deformable materi-
als may detach the micro LED:s.

[0030] Furthermore, the thermo-deformable material may
be polydimethylsiloxane (PDMS).

[0031] According to another aspect of the present inven-
tion, there is provided a micro LED transfer head, including:
a head unit including a plurality of through-holes passing
therethrough from top to bottom, which a pressure-deform-
able material provided in each of the through-holes; and a
pressurizing member provided at an upper portion of the
head unit and including a protrusion, wherein the protrusion
is provided at a position corresponding to each of the
through-holes such that the pressure-deformable materials
are deformed by the pressurizing member.

[0032] According to still another aspect of the present
invention, there is provided a micro LED transfer head,
including: a head unit including a plurality of through-holes
passing therethrough from top to bottom, with a pressure-
deformable material provided in each of the through-holes;
and a chamber provided at an upper portion of the head unit
and in which pressure is controlled, wherein when the
pressure in the chamber is controlled to a high-pressure
state, the pressure-deformable materials are expanded and
the micro LEDs are held onto surfaces of the expanded
pressure-deformable materials, and when the pressure in the
chamber is controlled to a low-pressure state, the pressure-
deformable materials are contracted and the micro LEDs are
detached from the surfaces of the contracted pressure-
deformable materials.

[0033] The micro LED transfer head according to the
present invention is characterized in that the holding por-
tions and the surrounding areas of the holding portions are
configured of different materials, thereby preventing hold
position alignment relative to the micro LED from being
misaligned at the holding portions and thus achieving
improved micro LED holding accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other objectives, features and other
advantages of the present invention will be more clearly
understood from the following detailed description when
taken in conjunction with the accompanying drawings, in
which:
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[0035] FIG. 1 is a view schematically illustrating a micro
LED transfer head according to a first embodiment of the
present invention;

[0036] FIGS. 2A to 2D are views schematically illustrat-
ing an operation sequence of the micro LED transfer head
according to the first embodiment of the present invention;
[0037] FIG. 3 is a view illustrating a modification of the
first embodiment of the present invention;

[0038] FIGS. 4A to 4D are views schematically illustrat-
ing an operation sequence of a micro LED transfer head
according to a second embodiment of the present invention;
[0039] FIGS. 5A to 5D are views schematically illustrat-
ing an operation sequence of a micro LED transfer head
according to a third embodiment of the present invention;
and

[0040] FIGS. 6A to 6D are views schematically illustrat-
ing an operation sequence of a micro LED transfer head
according to a fourth embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Contents of the description below merely exem-
plify the principle of the invention. Therefore, those of
ordinary skill in the art may implement the theory of the
invention and invent various apparatuses which are included
within the concept and the scope of the invention even
though it is not clearly explained or illustrated in the
description. Furthermore, in principle, all the conditional
terms and embodiments listed in this description are clearly
intended for the purpose of understanding the concept of the
invention, and one should understand that this invention is
not limited the specifically-listed embodiments and the
conditions.

[0042] The above described objectives, features, and
advantages will be more apparent through the following
detailed description related to the accompanying drawings,
and thus those of ordinary skill in the art may easily
implement the technical spirit of the invention.

[0043] The embodiments of the present invention will be
described with reference to cross-sectional views and/or
perspective views which schematically illustrate ideal
embodiments of the present invention. For explicit and
convenient description of the technical content, sizes or
thicknesses of members and areas in the figures may be
exaggerated. Therefore, variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected.

[0044] In addition, a limited number of holes are illus-
trated in the drawings. Thus, the embodiments should not be
construed as limited to the particular shapes of areas illus-
trated herein but are to include deviations in shapes that
result, for example, from manufacturing.

[0045] Wherever possible, the same reference numerals
will be used throughout different embodiments and the
description to refer to the same or like elements or parts. In
addition, the configuration and operation already described
in other embodiments will be omitted for convenience.
[0046] A micro LED transfer head 1000 according to the
present invention includes a head unit 100 for holding micro
LEDs ML. The head unit 100 may include a holding part for
holding the micro LEDs ML and provided with a thermo-
deformable material or a pressure-deformable material, and
a support part for supporting the holding part. The head umt
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100 may be configured such that the holding part and the
support part are configured of materials having properties
the opposite of each other.

[0047] In detail, the holding part may be configured of the
thermo-deformable material. In this case, the support part
may be configured of a material having a low coeflicient of
thermal expansion, a property opposite to a high coefficient
of thermal expansion of the thermo-deformable materials.
Due thereto, when the head unit 100 is temperature-con-
trolled to a high temperature, the holding part may easily be
thermally deformed to meet the property of the high coef-
ficient of thermal expansion, the support part may not be
thermally deformed to meet the property of the low coeffi-
cient of thermal expansion. If the materials having the
opposite properties in the same temperature condition as
described above to function according to individual propet-
ties, the holding part can faithfully perform the function of
holding the micro LEDs ML due to thermal expansion of the
thermo-deformable material, and the support part can faith-
fully perform the function of supporting the holding part
thermally deformed, by not being thermally deformed by the
influence of heat.

[0048] The holding part may be configured of the pres-
sure-deformable material. In this case, the support part may
be configured of a material having a high rigidity, a property
opposite to a high modulus of elasticity of the pressure-
deformable materials. Due thereto, when pressure is applied
to the head unit 100, the support part supporting the holding
part is not deformed but can stably support the deformed
holding part.

[0049] As described above, the head unit 100 is configured
of materials having properties the opposite of each other, so
that each material can perform the function thereof accord-
ing to the property, thereby improving micro LED ML
holding efficiency.

[0050] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

[0051] FIG. 1is a view schematically illustrating a micro
LED transfer head 1000 according to a first embodiment of
the present invention. As illustrated in FIG. 1, the micro
LED transfer head 1000 according to the first embodiment
of the present invention includes a head unit 100, a support
member 102 for supporting the head unit 100, and a tem-
perature control means 104.

[0052] The micro LED transfer head 1000 according to the
first embodiment may hold micro LEDs ML using adhesive
force or Van der Waals force. The micro LED transfer head
1000 may hold the micro LEDs ML of a first substrate 110
(for example, a growth substrate, a temporary substrate, or
a carrier substrate) with the adhesive force or Van der Waals
force and transfer the micro LEDs ML to a second substrate
120 (for example, a display substrate or a target substrate).
FIG. 1 illustrates a state before the micro LED transfer head
1000 holds the micro LEDs. Therefore, the substrate dis-
posed below the micro LED transfer head 1000 may be the
first substrate 110.

[0053] The micro LED transfer head 1000 may hold the
micro LEDs ML by the head unit 100 in which a plurality
of through-holes 100a are formed.

[0054] The head unit 100 may include a holding part for
holding the micro LEDs ML and provided with a thermo-
deformable material 1005 and, and a support part for sup-
porting the holding part.
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[0055] The support part of the head unit 100 may be
configured of a material having a low coefficient of thermal
expansion. Due thereto, the head unit 100 may have high
thermal durability in a high temperature state, and thus may
have low thermal deformation by temperature. The head unit
100 is configured to hold the micro LEDs ML in direct
contact with the micro LEDs ML. Therefore, positional
alignment relative to the micro LEDs ML is important. For
example, when the support part of the head unit is config-
ured of a material having a high coeflicient of thermal
expansion, the support part may be easily deformed by
temperature under a high temperature environment. Defor-
mation of the support part of the head unit by temperature
may cause positional misalignment relative to the micro
LEDs ML. This may cause the problem of micro LED hold
and transfer error, resulting in lowered transfer efficiency of
the micro LED transfer head. However, in the prevention
invention, the support part of the head unit 100 is configured
of a material having a low coeflicient of thermal expansion.
This makes it possible to prevent that the head unit may be
thermally deformed by temperature and alignment relative
to each of the micro LEDs ML may be misaligned.

[0056] The head unit 100 may be structured such that the
plurality of through-holes 100a pass through the head unit
100 from top to bottom. The through-holes 100a may be
formed in the support part. Due to the formation of the
through-holes 100a formed in the support part, the holding
part may be defined at the head unit 100.

[0057] Each of the plurality of through-holes 100« may be
formed in a position corresponding to each of the micro
LEDs ML of the first substrate 110. Due thereto, each of the
micro LEDs ML may be held on the surface of each of the
thermo-deformable materials 1005 provided in the respec-
tive through-holes 100a.

[0058] The through-holes 100 may be smaller or larger in
width than the micro LEDs ML of the first substrate 110.
When the through-holes 1004 have a smaller width than the
micro LEDs ML, when the micro LEDs ML are detached
from the surfaces of the thermo-deformable materials 1005
provided in the through-holes 100a which will be described
later, detachment of the micro LEDs ML can be easily
undertaken. In detail, the thermo-deformable materials 1005
provided in the through-holes 100a which will be described
later may be expanded and contracted by temperature con-
trol of the temperature control means 140 provided at the
micro LED transfer head 1000. When the thermo-deform-
able materials 1005 are expanded, the micro LEDs ML may
be held on the surfaces of the thermally deformable mate-
rials 1005. On the other hand, when the thermo-deformable
materials 1005 contract, the micro LEDs ML may be
detached from the surfaces of the thermo-deformable mate-
rials 1005. In this case, when the through-holes 1004 have
a smaller width than the micro LEDs ML, the micro LEDs
ML may be detached only by contraction of the thermo-
deformable materials 1005. Since the through-holes 1004
have a smaller width than the micro LEDs ML, when the
thermo-deformable materials 1005 provided in the through-
holes 100a contract, upper surfaces of the micro LEDs ML
are released from contact with the surfaces of the thermo-
deformable materials 1005. In other words, when the
thermo-deformable materials 1005 contract, contact sur-
faces do not exist between micro LED hold surfaces, which
are the upper surfaces of the micro LEDs ML, and the
surfaces of the thermo-deformable material 1005. Due
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thereto, a holding force acting on the micro LEDs ML does
not exist, whereby the micro LEDs ML are detached from
the surfaces of the thermo-deformable materials 1005. As
described above, when the through-holes 100a are formed
smaller in width than the micro LEDs ML, the micro LEDs
ML can be easily detached from the surfaces of the thermo-
deformable materials 1005, even if a separate holding force
generating means for detaching the micro LEDs ML from
the surfaces of the thermo-deformable materials 1005 is not
provided at lower portions of the micro LEDs ML.

[0059] Meanwhile, the through-holes 100a may be equal
to or greater in width than the micro LEDs ML. In this case,
the micro LEDs ML may be held in a larger area of the
thermo-deformable materials 1005. However, it is necessary
that a separate holding force generating means for detaching
the micro LEDs ML from the surfaces of the thermo-
deformable materials 1005 is provided at the lower portions
of the micro LEDs ML.

[0060] The thermo-deformable materials 1005 provided in
the through-holes 1004 are materials having a high coeffi-
cient of thermal expansion. Due thereto, the thermo-deform-
able materials 1005 may be easily expanded and contracted
in the through-holes 100a. As one example of the present
invention, the thermo-deformable materials 1005 may be
polydimethylsiloxane (PDMS).

[0061] Since the thermo-deformable materials 1005 have
a high coefficient of thermal expansion, the thermo-deform-
able materials 1005 may be easily deformed by heat. The
thermo-deformable materials 1005 are provided in the
through-holes 100a formed by passing from top to bottom
through the head unit 100 having a low coeflicient of thermal
expansion. Therefore, inner walls of the through-holes 1002
have the low coeflicient of thermal expansion. In other
words, the thermo-deformable materials 1005 and the inner
walls of the through-holes 100¢ in which the thermo-
deformable materials 1005 are provided have different coef-
ficients of thermal expansion. Due thereto, under the same
high temperature environment, the thermo-deformable
materials 1005 are easily thermally deformed, while the
inner walls of the through-holes 1004 are not thermally
deformed.

[0062] The thermo-deformable materials 1005 may have a
shape provided in the through-holes 100z to be supported by
the support part of the head unit 100 surrounding the
thermo-deformable materials 1005. In other words, the
holding part may have a shape supported by the support part.
The thermo-deformable materials 1005 may be supported by
the inner walls of the through-holes 100a. Due thereto, when
the thermo-deformable materials 1006 are thermally
deformed under a high temperature environment, supported
portions of the thermo-deformable materials 1005 supported
by the inner walls of the through-holes 100a are suppressed
from thermal deformation, while unsupported portions of
the thermo-deformable materials 1006 (for example, upper
and lower portions of the through-holes 1004) that are not
supported by the inner walls of the through-holes 100a may
be thermally deformed. Since the supported portions of the
thermo-deformable materials 1005 are supported by the
inner walls of the through-holes 1004 having a low thermal
expansion coeflicient, expansion of the thermo-deformable
materials 1005 by temperature can be suppressed. On the
other hand, the unsupported portions of the thermo-deform-
able materials 1005 may be expanded and contracted by
temperature to thermally deform. Due thereto, the micro
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LEDs ML may be held on the surfaces of the thermo-
deformable materials 1005 when the head unit 100 comes
into contact with the micro LEDs ML. A detailed description
thereof will be described later with reference to FIGS. 2A to
2D.

[0063] As described above, the present invention is con-
figured such that the support part of the head unit 100, and
the thermo-deformable materials 1005 that are provided in
the through-holes 1004 defining the holding part of the head
unit 100 are configured of different kinds of materials having
different coeflicients of thermal expansion. In other words,
the holding part and the support part of the head unit 100 are
configured of materials having properties the opposite of
each other. Therefore, the support part of the head unit and
the thermo-deformable materials 1005 of the holding part
may differ from each other in thermal deformation under the
same temperature condition. The present invention can,
through provision of the temperature control means 104 at
an upper portion of the head unit 100 of the micro LED
transfer head 1000, can hold or detach the micro LEDs ML
by differing degrees of thermal deformation of the support
part of the head unit 100 and the thermo-deformable mate-
rials 1005 of the holding part under the same temperature
condition.

[0064] In the present invention, as one example, the head
unit 100 may include at least one anodic oxide sheet 101. As
illustrated in FIG. 1, in detail, the support part of the head
unit 100 includes at least one anodic oxide sheet 101. The
plurality of through-holes 100a are formed in the anodic
oxide sheet 101 by passing through the anodic oxide sheet
101 from top to bottom, and the thermo-deformable mate-
rials 1005 are provided in the through-holes 100q.

[0065] The anodic oxide sheet 101 may be an anodic oxide
film having pores formed by anodizing a metal.

[0066] The anodic oxide film is a film formed by anodiz-
ing a metal that is a base material, and the pores are pores
formed in a process of forming the anodic oxide sheet by
anodizing the metal. For example, in a case that the base
metal is aluminum (Al) or an aluminum alloy, the anodiza-
tion of the base material forms an anodic oxide film con-
sisting of anodized aluminum (Al,O;) on a surface of the
base material. The anodic oxide film formed as above is
divided into a barrier layer 101a having pores formed
therein and a porous layer having no pores formed therein.
The barrier layer 101a is located on an upper portion of the
base material and the porous layer is located on an upper
portion of the barrier layer 101a. After removing the base
material on which the anodic oxide film having the barrier
layer 101a and the porous layer is formed, only the anodic
oxide film consisting of anodized aluminum (AlL,O;)
remains.

[0067] The anodic oxide film has pores configured verti-
cally and having a regular arrangement with a uniform
diameter. Accordingly, after removing the barrier layer
101a, the pores have a structure extending from top to
bottom vertically. FIG. 1 illustrates that the barrier layer
101a is located on an upper portion of the anodic oxide film
and the porous layer having the pores is located on a lower
portion thereof. However, the anodic oxide sheet 101 illus-
trated in FIG. 1 may be reversed up and down such that the
barrier layer 101¢ is located on the lower portion of the
anodic oxide film. As described above, the barrier layer 101a
may be configured to close one of upper and lower portions
of the anodic oxide sheet 101. The barrier layer 101¢ may
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prevent that when the temperature control means 104 which
will described later is a fluid, the fluid leaks through the
pores of the head unit 100 to adversely affect the exterior
thereof.

[0068] The temperature control means 104 may be pro-
vided at the upper portion of the head unit 100. The
temperature control means 104 may be a fluid. The tem-
perature control means 104 may be provided in a chamber
103 provided at the upper portion the head unit 100.

[0069] The temperature of the head unit 100 may be
controlled by the temperature control means 104.

[0070] When the fluid which is the temperature control
means 104 is heated, the head unit 100 may be thermally
affected. In this case, the anodic oxide sheet 101 constituting
the head unit 100 has a low coeflicient of thermal expansion
of 2 to 3 ppm/°® C. Therefore, the anodic oxide sheet 101 may
not be easily thermally deformed by temperature control of
the fluid. The anodic oxide sheet 101 is not thermally
deformed under a high temperature environment due to high
thermal durability thereof, and thus positional misalignment
relative to the micro LEDs ML to be held does not occur.

[0071] Since the thermo-deformable materials 1005 pro-
vided in the through-holes 1004 formed in the anodic oxide
sheet 101 have a high coeflicient of thermal expansion, the
thermo-deformable materials 1005 may be easily thermally
deformed by temperature control of the fluid. In detail, when
the fluid is heated, the thermo-deformable materials 10054
may be expanded by temperature control of the fluid. The
thermo-deformable materials 1005 are supported by the
inner walls of the through-holes 100qa. Therefore, the sup-
ported portions of the thermo-deformable materials 1005
supported by the through-holes 100a are suppressed in
expansion, while the unsupported portions thereof may be
expanded. The through-holes 1004 may be micro LED ML
holding portions because when the thermo-deformable
materials 1005 provided in the through-holes 100g are
convexly expanded downward, the micro LEDs ML are held
on protruding surfaces of the expanded thermo-deformable
materials 1005.

[0072] As described above, in the present invention, a
holding material of the holding portions for holding the
micro LEDs ML and a material of surrounding areas of the
holding portions are provided differently. In other words, the
holding part and the support part of the head unit 100 are
configured of materials having properties the opposite of
each other. In detail, the thermo-deformable materials 1005
having a high coefficient of thermal expansion are used as
the holding material of the holding portions for holding the
micro LEDs ML, and the anodic oxide sheet 101 having a
low coeflicient of thermal expansion is used as the material
of the surrounding areas of the holding portions. In other
words, the thermo-deformable materials 1005 are provided
at the holding part, and the anodic oxide sheet 101 is
provided at the support part. Therefore, the holding portions
and the surrounding areas of the holding portions have
different coeflicients of thermal expansion. Due thereto, the
surrounding areas of the holding portions are not thermally
deformed and thus alignment of the holding portions is not
changed, thereby preventing the problem that alignment
relative to the micro LEDs ML may be misaligned. Further-
more, the holding material of the holding portions is easily
thermally deformed and has a low hardness. Therefore, the
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problem of damage to the micro LEDs ML which may occur
when the head unit 100 comes into contact with the micro
LEDs ML can be prevented.

[0073] On the other hand, when the fluid which is the
temperature control means 104 is cooled, the expanded
thermo-deformable materials 1005 may be contracted by
temperature control. The heated fluid may be cooled to
detach the micro LEDs ML held on the surfaces of the
protruding expanded thermo-deformable materials 1004.
The thermo-deformable materials 1005 are concavely con-
tracted inward by temperature control of the cooled fluid,
and the micro LEDs ML, which have been held on the
surfaces of the expanded thermo-deformable materials 100,
are detached from the surfaces of the thermo-deformable
materials 1005.

[0074] As in the first embodiment of the present invention,
when the head unit 100 is configured of the anodic oxide
sheet 101, the pores provided in the anodic oxide sheet 101
may perform the function of thermal insulation around the
through-holes 100a. Due thereto, the thermal effect of the
temperature control means 104 on the thermo-deformable
materials 1005 may be maximized. The pores provided in
the anodic oxide sheet 101 may be formed in a form of air
pillars around the through-holes 100a. The thermo-deform-
able materials 1005 may be provided in the through-holes
100a. Therefore, there may be formed a structure in which
the pores of the anodic oxide sheet 101 surround the
peripheries of the thermo-deformable materials 1005. Due
thereto, the temperature of through-hole forming areas in
which the through-holes 100a are formed may be further
increased. As a result, there is an effect that the thermo-
deformable materials 1005 provided in the through-holes
100g can be sufficiently deformed even with a small amount
of energy.

[0075] In addition, the anodic oxide sheet 101 has a
coefficient of thermal expansion similar to that of the first
substrate 110 on which the micro LEDs ML are provided.
Therefore, the anodic oxide sheet 101 and the first substrate
110 may be similarly thermally expanded when a tempera-
ture change occurs during a process. This makes it possible
to prevent the problem of micro LED holding error which
may be caused by thermal deformation of the head unit 100
and the first substrate 110 at different thermal expansion
rates.

[0076] FIGS. 2A to 2D are views schematically illustrat-
ing an operation sequence of the micro LED transfer head
1000 according to the first embodiment of the present
invention. In FIGS. 2A to 2D, for convenience of descrip-
tion, a portion of the head unit 100 of the micro LED transfer
head 1000 and a portion of the micro LEDs ML of the first
substrate 110 are illustrated enlarged.

[0077] The micro LED transfer head 1000 according to the
first embodiment may hold or detach the micro LEDs ML by
thermally deforming the thermo-deformable materials 1005
of the head unit 100 through the temperature control means
104.

[0078] FIG. 2A is a view illustrating a state in which the
head unit 100 of the micro LED transfer head 1000 of the
first embodiment is not temperature-controlled by the tem-
perature control means 104. As illustrated in FIG. 2A, the
micro LED transfer head 1000 is located above the micro
LEDs ML of the first substrate 110. A fluid which is the
temperature control means 104 may be provided at the upper
portion of the head unit 100.

Jul. 9, 2020

[0079] The micro LED transfer head 1000 may control the
temperature of the head unit 100 to hold the micro LEDs
ML. The temperature of the head unit 100 may be controlled
by the temperature control means 104. The temperature
control means 104 may be a fluid. The fluid may be heated
to control the temperature of the head unit 100. In this case,
the anodic oxide sheet 101 may not be thermally deformed
due to the low coefficient of thermal expansion, while the
thermo-deformable materials 1005 provided in the through-
holes 1004 may be thermally deformed and expanded.

[0080] FIG. 2B is a view illustrating a state in which the
surfaces of the thermo-deformable materials 1005 expanded
by temperature control of the fluid come into contact with
the micro LEDs ML. as illustrated in FIG. 2B, the surfaces
of the expanded thermo-deformable materials 1005 and the
micro LEDs ML may come into contact with each other in
the micro LED holding portions. The thermo-deformable
materials 1005 may be configured of a material having a
high coefficient of thermal expansion and thus may be easily
thermally deformed. In other words, the thermo-deformable
materials 1005 may be easily thermally deformed by the
heated fluid. As illustrated in FIG. 2B, the unsupported
portions of the thermo-deformable materials 1005 are ther-
mally deformed and expanded. The head unit 100 including
the expanded thermo-deformable materials 1005 is lowered
toward the micro LEDs ML of the first substrate 110. When
the thermo-deformable materials 1005 are expanded, the
surfaces of the thermo-deformable materials 1005 may
protrude further than a lower portion of the anodic oxide
sheet 101 of the head unit 100. Due thereto, only the surfaces
of the thermo-deformable materials 1005 may come into
contact with the upper surfaces of the micro LEDs ML.
[0081] In FIG. 2B, the surfaces of the expanded thermo-
deformable materials 100 4 and the micro LEDs ML come
into contact with each other. However, the thermo-deform-
able materials 1005 of the head unit 100 may be lowered in
an expanded state toward the micro LEDs ML and come into
contact with the micro LEDs ML. Due thereto, the micro
LEDs ML may be held on the surfaces of the thermo-
deformable materials 1005, while avoiding contact between
the anodic oxide sheet 101 having a high degree of hardness
of the head unit 100 and the micro LEDs ML. In other
words, the present invention holds the micro LEDs ML at
the holding portions by using the thermo-deformable mate-
rials 1006 having a low hardness. This makes it possible to
prevent the problem of damage to the micro LEDs ML and
can ensure improved micro LED holding efficiency.

[0082] Furthermore, the thermo-deformable materials
1005 are supported by the anodic oxide sheet 101 having a
low coefficient of thermal expansion. Due thereto, a posi-
tional error with respect to the micro LEDs ML may not
oceur. As a result, accuracy of holding the micro LEDs ML
can be improved. In detail, in the present invention, the
surrounding areas of the holding portions are configured of
the thermo-deformable materials 1005 having a high coef-
ficient of thermal expansion are provided at the holding
portions, and a material having a low coeflicient of thermal
expansion (for example, anodic oxide film). Thus, the sur-
rounding areas of the holding portions may not be easily
thermally deformed. Due to the fact that the surrounding
areas of the holding portions are configured of a material
having a low coeflicient of thermal expansion, positional
alignment of the holding portions can be prevented from
being changed. This makes it possible to prevent the prob-
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lem of hold position error which may occur between the
holding portions and the micro LEDs ML and to improve
micro LED holding accuracy.

[0083] FIG. 2C is a view illustrating a state in which the
micro LED transfer head 1000 having the micro LEDs ML
held on the surfaces of the expanded thermo-deformable
materials 1005 is lifted. The micro LED transfer head 1000
may transfer the held micro LEDs ML onto the second
substrate 120.

[0084] FIG. 2D is a view illustrating a state in which the
head unit 100 is temperature-controlled by the temperature
control means 104 and the thermo-deformable materials
1005 contract thereby. As illustrated in FIG. 2D, the micro
LED transfer head 1000 is lowered toward the second
substrate 120. The lowered micro LED transfer head 1000
may cause the transfer head 10005 1005 to contract by using
the temperature control means 104. In detail, the fluid which
is the temperature control means 104 may be cooled. The
thermo-deformable materials 1005 contract by temperature
control of the cooled fluid. The micro LEDs ML are
detached from the surfaces of the contracted thermo-deform-
able materials 1005. In the present invention, the through-
holes 1004 are formed to be smaller in width than the micro
LEDs ML. Therefore, even if a separate holding force
generating means for detaching the micro LEDs ML is not
provided on the second substrate 120, the micro LEDs ML
can be easily detached from the surfaces of the thermo-
deformable materials 1005 only by contraction of the
thermo-deformable materials 1004.

[0085] FIG. 3 is a view illustrating a modification of the
micro LED transfer head 1000 according to the first embodi-
ment of the present invention. The modification differs from
the first embodiment in that a plurality of anodic oxide
sheets 101 forming a support part of a head unit 100 are
stacked on top of each other, and other configurations are the
same as those of the first embodiment.

[0086] As illustrated in FIG. 3, as one example, a micro
LED transfer head 1000 according to the modification
includes the support part of the head unit 100, the support
part being configured by stacking three anodic oxide sheets
101. However, the number of the anodic oxide sheets 101 to
be stacked is not limited thereto.

[0087] The micro LED transfer head 1000 according to the
modification includes the head unit 100, a support member
102 for supporting the head unit 100, and a temperature
control means 104. The head unit 100 may include a holding
part for holding micro LEDs ML and provided with a
thermo-deformable material 1005, and the support part for
supporting the holding part.

[0088] The three anodic oxide sheets constituting the head
unit 100 may be comprised of a first anodic oxide sheet, a
second anodic oxide sheet, and a third anodic oxide sheet
sequentially stacked on top of each other from the lower side
in FIG. 3. The first to third anodic oxide sheets may be
stacked on top of each other sequentially in an upward
direction.

[0089] A plurality of through-holes 1004 are formed in the
first to third anodic oxide sheets. The through-holes 100a
formed in the respective anodic oxide sheets 101 may be
formed in positions corresponding to each other. Due
thereto, when the first to third anodic oxide sheets are
stacked, a structure in which the through-holes 100a of the
respective anodic oxide sheets 101 communicate with each
other may be formed.
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[0090] 1In the micro LED transfer head 1000 according to
the modification, the thermo-deformable material 1005 may
be provided in each of the through-holes 100a of the first
anodic oxide sheet. The thermo-deformable materials 1005
may be provided in all of the through-holes 100q of the first
to third anodic oxide sheets or only in the through-holes
100q of the first anodic oxide sheet. However, in the present
invention, the anodic oxide sheet 101 of the support part of
the head unit 100 surrounds the peripheries of the thermo-
deformable materials 1005 and thus the thermo-deformable
materials 1005 can be sufficiently thermally deformed with
little energy. In this case, it may be more preferable that the
thermo-deformable materials 1005 are not provided in all
the through-holes 100a of the first to third anodic oxide
sheets, but rather the through-holes 100a of the first anodic
oxide sheet, which are holding portions for directly holding
the micro LEDs ML. Therefore, in the modification, as one
example, the thermo-deformable materials 1005 may be
provided only in the through-holes 100a of the first anodic
oxide sheet.

[0091] The micro LED transfer head 1000 according to the
modification may have a high rigidity since the plurality of
anodic oxide sheets 101 are stacked to form the support part
of the head unit 100. This makes it possible to prevent the
center of the head unit 100 from sagging. In the case of the
head unit, when the rigidity is weak, central sagging may
occur, which may cause the problems of micro LED holding
error and damage to the micro LEDs. However, the present
invention can prevent the central sagging of the head umt
100 by stacking the plurality of anodic oxide sheets 101 to
form the support part of the head unit 100. In other words,
in the modification, the rigidity and flatness of the head unit
100 can be increased by stacking the plurality of anodic
oxide sheets 101. As a result, there is an effect that holding
efficiency to collectively hold the micro LEDs ML can be
increased.

[0092] The temperature control means 104 may be a fluid.
The temperature control means 104 may thermally deform
the thermo-deformable materials 1005 by exerting a heat
effect on the thermo-deformable materials 1005 through the
through-holes 100a of the respective anodic oxide sheets
101 communicating with each other. By temperature control
of the temperature control means 104, the thermo-deform-
able materials 1005 may be expanded and hold the micro
LEDs ML onto the surfaces thereof. Furthermore, by tem-
perature control of the temperature control means 104, the
expanded thermo-deformable materials 1005 may detach the
micro LEDs ML from the surfaces thereof.

[0093] In the modification, the holding portions are con-
figured of the thermo-deformable materials 1005 having a
high coeflicient of thermal expansion, while surrounding
areas of the holding portions are configured of the anodic
oxide sheets 101 having a low coeflicient of thermal expan-
sion. Therefore, no positional alignment error of the holding
portions occurs. As a result, micro LED holding accuracy of
the micro LED transfer head 1000 can be improved.

[0094] Hereinafter, a second embodiment of the present
invention will be described with reference to FIGS. 4A to
4D. The second embodiment will be described centering on
characteristic components as compared with the first
embodiment. Hereinafter, descriptions of the same or similar
configurations as those of the first embodiment will be
omitted.
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[0095] FIGS. 4A to 4D are views schematically illustrat-
ing an operation sequence of a micro LED transfer head
according to the second embodiment of the present inven-
tion. The micro LED transfer head according to the second
embodiment includes a head unit 100, a support member 102
for supporting the head unit 100, and a temperature control
means 104 provided at an upper portion of the head unit 100.
[0096] As illustrated in FIGS. 4A to 4D, the temperature
control means 104 may be provided at the upper portion of
the head unit 100. FIG. 4A is a view illustrating a state in
which the head unit 100 of the micro LED transfer head of
the second embodiment is not temperature-controlled by the
temperature control means 104.

[0097] As illustrated in FIG. 4A, a thermo-conductive film
104', which is the temperature control means 104, may be
provided on an upper surface of the head unit 100. The
thermo-conductive film 104' may be provided on the upper
surface of the head unit 100 to transfer heat to the head unit
100. The thermo-conductive film 104' is made of a material
having high thermal conductivity, for example, a metal film.
[0098] The support part of the head unit 100 may be
configured of a material having a low coeflicient of thermal
expansion. In the present invention, as one example, the
support part of the head unit 100 may be configured of an
anodic oxide sheet 101 having a low coeflicient of thermal
expansion. The anodic oxide sheet 101 may be provided in
a form in which a barrier layer 101a is removed or not
removed. In FIGS. 4A to 4D, the anodic oxide sheet 101
with the barrier layer 101a removed is illustrated. When the
barrier layer 101¢ is removed, the anodic oxide sheet 101
may have a structure in which pores vertically pass there-
through from top to bottom.

[0099] The head unit 100 includes the anodic oxide sheet
101, and a thermo-deformable material 1005 provided in
each of the through-holes 100a. In other words, the head umt
100 includes the support part configured of the anodic oxide
sheet 101, and a holding part provided with the thermo-
deformable material 1005 and defined by formation of the
through-holes 100a. Therefore, heat to be transferred to the
head unit 100 by the thermo-conductive film 104' may affect
the anodic oxide sheet 101, and the thermo-deformable
materials 1005 provided in the respective through-holes
100q. In this case, the anodic oxide sheet 101 may not be
thermally deformed by the thermo-conductive film 104' due
to the low coeflicient of thermal expansion thereof. There-
fore, position error of the through-holes 100a formed by
passing from top to bottom through the anode oxide sheet
101 does not occur.

[0100] The thermo-deformable materials 10056 may be
provided in the through-holes 100a. The thermo-deformable
materials 1005 provided in the through-holes 100a have a
high coefficient of thermal expansion. Due thereto, the
thermo-deformable materials 1005 may be easily thermally
deformed due to heat influence by the thermo-conductive
film 104'. The thermo-deformable materials 1005 may be
expanded in response to application of heat from the thermo-
conductive film 104'. The head unit 100 is lowered toward
micro LEDs ML of a first substrate 110 in a state in which
the thermo-deformable materials 1006 are expanded.
[0101] FIG. 4B is a view illustrating a state in which the
surfaces of the thermo-deformable materials 1005 expanded
by temperature control of the thermo-conductive film 104'
come into contact with the micro LEDs ML. as illustrated in
FIG. 4B, the surfaces of the expanded thermo-deformable
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materials 1005 and the micro LEDs ML may come into
contact with each other. The thermo-deformable materials
1005 are configured of a material having a high coeflicient
of thermal expansion. Furthermore, the thermo-deformable
materials 1005 have a low hardness. Therefore, when the
thermo-deformable materials 1005 in an expanded state and
the micro LEDs ML come into contact with each other, the
thermo-deformable matetials 1005 can hold the micro LEDs
ML without causing damage to the micro LEDs ML.

[0102] FIG. 4C is a view illustrating a state in which the
micro LED transfer head having the micro LEDs ML held
on the surfaces of the expanded thermo-deformable mate-
rials 1005 is lifted. The micro LED transfer head may
transfer the held micro LEDs ML onto a second substrate
120.

[0103] FIG. 4D is a view illustrating a state in which the
head unit 100 is temperature-controlled by the thermo-
conductive film 104" and the thermo-deformable materials
1005 contract thereby. As illustrated in FIG. 4D, the micro
LED transfer head is lowered toward the second substrate
120. The thermo-conductive film 104' may be controlled to
not transfer heat to the head unit 100. Due thereto, the
thermo-deformable materials 1005 may be contracted. As
the thermo-deformable materials 1005 contract, the micro
LEDs ML held on the surfaces of the expanded thermo-
deformable materials 1005 may be detached therefrom. The
micro LEDs ML detached from the surfaces of the con-
tracted thermo-deformable materials 1005 may be trans-
ferred onto the second substrate 120.

[0104] The support part of the head unit 100 of the micro
LED transfer head of the second embodiment may be
configured by stacking a plurality of anodic oxide sheets
101, as in the micro LED transfer head according to the
modification of the first embodiment described above. In
this case, the thermo-deformable materials 10056 may be
provided in all the through-holes 100a formed in the plu-
rality of anodic oxide sheets 101. The thermo-conductive
film 104" is provided in a form in direct contact with the
upper surface of the head unit 100 to transfer heat to the head
unit 100. Therefore, when the plurality of anodic oxide
sheets 101 are stacked to form the support part of the head
unit 100, it may be preferable that the thermo-deformable
materials 100 4 are provided in all the through-holes 100z of
the plurality of anodic oxide sheets 101 such that heat of the
thermo-conductive film is transferred to the thermo-deform-
able materials 1005 through direct contact.

[0105] As described above, in the second embodiment,
when the support part of the head unit 100 configured by
stacking the plurality of anodic oxide sheets 101 is provided,
the rigidity of the head unit 100 can be increased to prevent
the central sagging. This makes it possible to uniformly hold
the entire micro LED of the first substrate 110.

[0106] Furthermore, in the second embodiment of the
present invention, surrounding areas of the holding portions
are configured of a material having a low coeflicient of
thermal expansion, while the holding portions are config-
ured of the thermo-deformable materials 1005 having a high
coeflicient of thermal expansion. This makes it possible to
prevent positional misalignment which may occur between
the holding portions and the micro LEDs ML. As a result,
micro LED holding accuracy can be improved. Furthermore,
since the present invention holds the micro LEDs ML using
a material having a high coeflicient of thermal expansion at
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the holding portions, it is possible to prevent the problem of
damage to the micro LEDs ML.

[0107] Hereinafter, a third embodiment of the present
invention will be described with reference to FIGS. 5A to
5D. The third embodiment differs from the first and second
embodiments in that a pressurizing member 105 is provided
at an upper portion of a head unit 100, instead of a tem-
perature control means 104. Furthermore, in the third
embodiment, a pressure-deformable material 1004' is pro-
vided in each of a plurality of through-holes 1004, instead of
the thermo-deformable material 10056. However, in this case,
the pressure-deformable material 1005' may have a low
hardness similarly to the thermo-deformable material 1004.
The pressure-deformable material 1005 may be PDMS as
one example. Therefore, the above-described thermo-de-
formable material 1005 and the pressure-deformable mate-
rial 100%' may denote the same material in that they have a
low hardness. Therefore, a detailed description of the pres-
sure-deformable material 100" will be omitted by referring
to the above-described thermo-deformable material 1005.

[0108] It should be noted that the embodiment described
below will be described with particular emphasis on char-
acteristic components as compared with the first and second
embodiments, and descriptions of the same or similar com-
ponents as those of the first and second embodiment will be
omitted.

[0109] FIGS. 5A to 5D are views schematically illustrat-
ing an operation sequence of a micro LED transfer head
according to the third embodiment of the present invention.
The micro LED transfer head according to the third embodi-
ment includes the head unit 100, a support member 102 for
supporting the head unit 100, and the pressurizing member
105 provided at the upper portion of the head unit 100.

[0110] The head unit 100 include a plurality of through-
holes 1004 passing through the head unit 100 from top to
bottom. The pressure-deformable materials 1005' may be
provided in the respective through-holes 100a. The pres-
sure-deformable materials 1005' have a low hardness.
Therefore, the pressure-deformable materials 1005’ may be
easily deformed upon application of pressure.

[0111] The support part of the head unit 100 may be
configured of a material having high rigidity. The support
part of the head unit 100 may be configured of a material
such as a ceramic material. Alternatively, a material having
high rigidity, such as an anodic oxide film, may be used. In
the present invention, as one example, the support part of the
head unit 100 is configured of an anodic oxide sheet 101
configured of an anodic oxide film. Since the head unit 100
includes the anodic oxide sheet 101, there is no fear of
damage when the head unit 100 comes into contact with the
pressurizing member 105.

[0112] The anodic oxide sheet 101 may be provided in a
form in which a barrier layer 101a is removed or not
removed. In FIGS. 5A to 5D, the anodic oxide sheet 101
with the barrier layer 101a removed is illustrated.

[0113] The pressurizing member 105 may be provided at
the upper portion of the head unit 100. The pressurizing
member 105 may be configured of a material having high
rigidity. The pressurizing member 105 may include a plu-
rality of protrusions 105a. The protrusions 105¢ may be
provided in respective positions corresponding to the
through-holes 100a of the head unit 100. Due thereto, the
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protrusions 105a may be inserted into the through-holes
1004 when the pressurizing member 105 comes into contact
with the head unit 100.

[0114] FIG. 5A is a view illustrating a state before the
pressurizing member 105 and the head unit 100 come into
contact with each other, and FIG. 5B is a state after the
pressurizing member 105 and the head unit 100 come into
contact with each other. As illustrated in FIG. 5B, as the
pressurizing member 105 and the head unit 100 come into
contact with each other, the protrusions 105a of the pres-
surizing member 105 may be inserted into the through-holes
100qa of the head unit 100. In other words, the protrusions
105a may be inserted into a holding part. An arrow illus-
trated above the pressurizing member 105 of FIG. 5B may
denote a pressurizing direction of the pressurizing member
105.

[0115] The pressure-deformable materials 1005' may be
provided in the through-holes 100a. The pressure-deform-
able materials 1005' may be deformed such that lower
portions thereof protrude by the inserted protrusions 105a of
the pressurizing member 105. The lower portions of the
pressure-deformable materials 1005' deformed by the pres-
surizing member 105 may protrude downwardly further than
a lower surface of the head unit 100. The pressure-deform-
able materials 1005' deformed by the pressurizing member
105 may come into contact with micro LEDs ML as illus-
trated in FIG. 5B. As illustrated in FIG. 5B, only the
pressure-deformable materials 1008' provided in holding
portions come into contact with the micro LEDs ML. This
makes it possible to prevent the problem of damage to the
micro LEDs ML which may be caused by contact between
the highly rigid anodic oxide sheet 101 and the micro LEDs
ML.

[0116] FIG. 5C is a view illustrating a state in which the
micro LED transfer head having the micro LEDs ML held
on the surfaces of the pressure-deformable materials 1004’ is
lifted. The micro LED transfer head may transfer the held
micro LEDs ML onto a second substrate 120.

[0117] FIG. 5D is a view illustrating a state in which the
micro LEDs ML are detached from the surfaces of the
pressure-deformable materials 1005' deformed by the pres-
surizing member 105. The micro LED transfer head with the
micro LEDs ML held as illustrated in FIG. 5C may be
lowered onto the second substrate 120 as illustrated in FIG.
5D. Then, as illustrated in FIG. 5D, the pressurizing member
105 may be lifted before the head unit 100. An arrow
illustrated above the pressurizing member 105 of FIG. 5D
may denote a lifting direction of the pressurizing member
105. When the pressurizing member 105 is lifted, the
pressure-deformable materials 1005' which have been
deformed by the pressurizing member 105 may be
deformed. In detail, the lower portions of the pressure-
deformable materials 1005 which protrude downwardly
further than the lower surface of the head unit 100 as
illustrated in FIG. 5B may be deformed so as not to protrude
downwardly further than the lower surface of the head unit
100 as illustrated in FIG. 5D.

[0118] The head unit 100 may be configured such that the
pressure-deformable materials 1005' are deformed to not
protrude downwardly further than the lower surface of the
head unit 100 by the pressurizing member 105 that is lifted
before the head unit 100. Even when the pressure-deform-
able materials 100" are deformed, adhesive force remaining
in the head unit 100 may exist. In order to detach the micro
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LEDs ML held on the head unit 100 onto the second
substrate by the adhesive force remaining in the head unit
100, a separate holding means may be provided at a lower
portion of the second substrate 120. The separate holding
means provided at the lower portion of the second substrate
120 may be operated after the pressure-deformable materials
100%' of the head unit 100 are deformed by the lifting of the
pressurizing member 105. The holding means may generate
a holding force capable of holding the micro LEDs ML onto
the second substrate 120 at the lower portion of the second
substrate 120. Due thereto, the micro LEDs ML held by the
adhesive force remaining in the head unit 100 may be held
by the holding force and transferred to the second substrate
120.

[0119] Meanwhile, the pressure-deformable materials
100%" provided in the head unit 100 may be partially
provided in the through-holes 100a instead of being entirely
provided in the through-holes 1004. In other words, the
pressure-deformable materials 1005' may be provided to a
height lower than the height of the through-holes 100a with
a space free from the pressure-deformable materials 1005'.
In this case, the pressure-deformable materials 1005’ may be
provided at a height lower than the height of the through-
holes 100a, and may be deformed so as to protrude down-
wardly further than the lower surface of the head unit 100
when deformed by the pressurizing member 105 and to hold
the micro LEDs ML onto the surfaces thereof. In detail, the
pressure-deformable materials 1005' may be provided in the
through-holes 100a with a space free from the pressure-
deformable materials 100%' in lower portions of the through-
holes 100a.

[0120] As described above, when the pressure-deformable
materials 1005' are provided with a space free from the
pressure-deformable materials 1005' in lower portions of the
through-holes 100qa, the micro LEDs ML may be detached
by deforming the pressure-deformable materials 1005 with-
out provision of the separate holding means at the lower
portion of the second substrate 120. In detail, the pressure-
deformable materials 1005' may be provided in the through-
holes 100a with a space free from the pressure-deformable
materials 1004' in lower portions of the through-holes 100a.
In this case, as illustrated in FIG. 5D, the pressurizing
member 105 may be lifted before the head unit 100. Due to
the lifting of the pressurizing member 105, the lower por-
tions of the pressure-deformable materials 100%' that pro-
trude downwardly further than the lower surface of the head
unit 100 may be deformed so as not to protrude downwardly
further than the lower surface of the head unit 100. Since the
pressure-deformable materials 1002’ are provided in the
through-holes 100a with a space free from the pressure-
deformable materials 100%' in lower portions of the through-
holes 100a, the pressure-deformable materials 1005’ may be
deformed so as not to protrude downwardly further than the
lower surface of the head unit 100 with a space free from the
pressure-deformable materials 1005’,

[0121] When the head unit 100 includes the pressure-
deformable materials 100" provided in the through-holes
100a with a space free from the pressure-deformable mate-
rials 100" in lower portions of the through-holes 100a, the
adhesive force may not remain in the head unit 100 when the
pressure-deformable materials 1005 for detaching the micro
LEDs ML are deformed. Due thereto, even if the separate
holding means for detaching the micro LEDs ML is not
provided at the lower portion of the second substrate 120,
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the micro LEDs ML can be easily detached only by defor-
mation of the pressure-deformable materials 1005’

[0122] As described above, the micro LED transfer head
according to the third embodiment of the present invention
is configured such that the holding portions are configured of
amaterial having a low hardness, thereby making it possible
to hold the micro LEDs by easily deforming the material.
Furthermore, the surrounding areas of the holding portions
are configured of a material having a high degree of hard-
ness, thereby making it possible to prevent the central
sagging and improving flatness of the entire head unit 100.
As a result, it is possible to prevent the problem that hold
positions of the micro LEDs ML may be misaligned due to
a reduced flatness.

[0123] In the micro LED transfer head of the third
embodiment, the support part of the head unit 100 may be
configured by stacking a plurality of anodic oxide sheets
101. In this case, the pressure-deformable materials 1005’
provided in the through-holes 100a may be provided in all
the through-holes 100a of the plurality of anodic oxide
sheets 101 or may be provided only in the through-holes
100a of a first anodic oxide sheet. When the micro LED
transfer head includes the support part of the head unit 100
formed by stacking the plurality of anodic oxide sheets 101,
the protrusions 103a of the pressurizing member 105 may be
provided at a height capable of protruding the lower portions
of the pressure-deformable materials 1005' downwardly
further than the lower surface of the head unit 100.

[0124] Due to the provision of the support part of the head
unit 100 formed by stacking the plurality of anodic oxide
sheets 101, the micro LED transfer head is advantageous in
maintaining flatness of the head unit 100 with high rigidity.
As a result, there is an effect that the micro LEDs ML can
be uniformly held to the micro LED transfer head.

[0125] Hereinafter, a fourth embodiment of the present
invention will be described with reference to FIGS. 6A to
6D. The fourth embodiment differs from the first, second,
and third embodiments in that a chamber 103 in which
pressure is controlled is provided at an upper portion of a
head unit 100. It should be noted that the embodiment
described below will be described with particular emphasis
on characteristic components as compared with the first,
second, and third embodiments, and descriptions of the same
or similar components as those of the first, second, and third
embodiments will be omitted.

[0126] FIGS. 6A to 6D are views schematically illustrat-
ing an operation sequence of a micro LED transfer head
according to the fourth embodiment of the present invention.
The micro LED transfer head according to the fourth
embodiment includes the head unit 100, a support member
102 for supporting the head unit 100, and the chamber 103
provided at the upper portion of the head unit 100.

[0127] The micro LED transfer head according to the
fourth embodiment may hold micro LEDs ML by pressure
control through the chamber 103 in which pressure is
controlled. Therefore, the head unit 100 may include a
support part configured of a material having high rigidity
without fear of warpage that may be caused by pressure.
[0128] FIG. 6A is a view illustrating the micro LED
transfer head of the fourth embodiment in which the pres-
sure in the chamber 103 is not controlled.

[0129] The support part of the head unit 100 may be
configured of a material having high rigidity. In the present
invention, as an example, the support part of the head umt
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100 may be configured by stacking a plurality of anodic
oxide sheets 101. In the case of an anodic oxide sheet 101
configured of an anodic oxide film, high rigidity may be
provided. Therefore, the support part of the head unit 100
may be configured of a single anodic oxide sheet 101
without stacking the plurality of anodic oxide sheets 101. In
other words, the support part of the head unit 100 may be
configured of at least one anodic oxide sheet 101. As an
example, the micro LED transfer head of the fourth embodi-
ment is configured such that the support part of the head unit
100 is configured by stacking three anodic oxide sheets 101.
However, the number of the anodic oxide sheets 101 to be
stacked is not limited thereto.

[0130] Since the support part of the head unit 100 is
configured by stacking the plurality of anodic oxide sheets
101, high rigidity may be provided. This can ensure high
durability against the pressure of the chamber 103. In other
words, warpage may not occur in the head unit 100. The
head unit 100 has rigidity that can withstand the pressure of
the chamber 103 when the pressure is controlled to a
high-pressure state. Therefore, product deformation due to
pressure does not occur. As a result, it is possible to prevent
the problem of hold position error which may occur between
holding portions where pressure-deformable materials 1004'
are provided and the micro LEDs ML due to product
deformation, and to improve micro LED holding accuracy.
[0131] The three anodic oxide sheets constituting the head
unit 100 may be comprised of a first anodic oxide sheet, a
second anodic oxide sheet, and a third anodic oxide sheet
sequentially stacked on top of each other from the lower side
in FIGS. 6A to 6D. The first to third anodic oxide sheets may
be stacked on top of each other sequentially in an upward
direction.

[0132] In this case, each of the first and second anodic
oxide sheets may be provided in a form in which a barrier
layer 101a is removed or not removed. In FIGS. 6A to 6D,
the first and second anodic oxide sheets 101 with the barrier
layers 101a removed are illustrated. Meanwhile, it may be
preferable that the third anodic oxide sheet is provided in a
form in which a barrier layer 101¢ exists. In the fourth
embodiment, the chamber 103 in which pressure is con-
trolled may be provided at the upper portion of the head unit
100 to control the pressure of a through-hole 100a of the
head unit 100. In other words, the pressure of holding part
of the head unit 100 may be controlled. In this case, pores
of the third anodic oxide sheet 101 in direct contact with the
chamber 103 may be adversely affected by the pressure of
the chamber 103. This is the reason why the third anodic
oxide sheet 101 in direct contact with the chamber 103 may
be provided in a form in which the barrier layer 101a exists.
[0133] The support part of the head unit 100 may include
a plurality of through-holes 100a. Due to the formation of
the through-holes 100q, the holding part may be defined at
the head unit 100. The through-holes 100a may be formed
in a shape passing through the head unit 100 from top to
bottom. In detail, the through-holes 100a may pass through
the support part of the head unit 100 from top to bottom. The
support part of the head unit 100 is configured of the
plurality of anodic oxide sheets 101. Therefore, the through-
holes 100a are formed in the first to third anodic oxide
sheets. The through-holes 1004 formed in the respective
anodic oxide sheets 101 may be formed in positions corre-
sponding to each other. Due thereto, when the first to third
anodic oxide sheets are stacked, a structure in which the
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through-holes 100a of the respective anodic oxide sheets
101 communicate with each other may be formed.

[0134] The pressure-deformable materials 1005’ may be
provided in the respective through-holes 100a. The pres-
sure-deformable materials 1005' may be provided in all the
through-holes 100a of the first to third anodic oxide sheets
or only in the through-holes 1004 of the first anodic oxide
sheet. Alternatively, the pressure-deformable materials 1005’
may be provided only in the through-holes 1004 of the first
and second anodic oxide sheets. The pressure-deformable
materials 1005 may be provided in a form of a thin film such
as a membrane. Due thereto, the pressure-deformable mate-
rials 100" may easily deformed by pressure control of the
chamber 103, both when being provided in all the through-
holes 1004 of the first to third anodic oxide sheets and when
being provided in the through-holes 100a of the first and
second anodic oxide sheets. In other words, the pressure-
deformable materials 1005' may have a high modulus of
elasticity. Therefore, in the present invention, as one
example, the pressure-deformable materials 1005' may be
provided only in the through-holes 100a of the first anodic
oxide sheet. Due thereto, a pressure for deforming the
pressure-deformable materials 1005' provided in the
through-holes 100a of the first anodic oxide sheet may be
increased by the through-holes 1004 of the second and third
anodic oxide sheets not provided with the pressure-deform-
able materials 1005

[0135] The chamber 103 in which pressure is controlled
may be provided at the upper portion of the head unit 100.
The chamber 103 may be configured such that the pressure
thereof is controlled to expand and contact the pressure-
deformable materials 1004' provided in the through-holes
100a.

[0136] FIG. 6B is a view illustrating a state in which the
surfaces of the pressure-deformable materials 1005
expanded by the pressure of the chamber 103 controlled to
a high-pressure state come into contact with the micro LEDs
ML. An arrow illustrated on the left side of the chamber 103
in FIG. 6B may denote the high-pressure state of the
chamber 103. The micro LED transfer head may expand the
pressure-deformable materials 1005' of the head unit 100 by
controlling the pressure of the chamber 103 to the high-
pressure state. The pressure-deformable materials 1004
provided in the through-holes 100¢ of the first anodic oxide
sheet may be expanded downwardly further than a lower
surface of the head unit 100 by pressure concentrated
downward through the through-holes 100a of the second and
third anodic oxide sheets. The micro LED transfer head in
which the pressure-deformable materials 1005 are expanded
due to the high-pressure state of the chamber 103 may be
lowered toward the micro LEDs ML of a first substrate 110
to hold the Micro LEDs ML onto the surfaces of the
expanded pressure-deformable materials 1005".

[0137] FIG. 6C is a view illustrating a state in which the
micro LED transfer head having the micro LEDs ML held
on the surfaces of the expanded pressure-deformable mate-
rials 1008 is lifted. The micro LED transfer head may
transfer the held micro LEDs ML onto a second substrate
120.

[0138] FIG. 6D is a view illustrating a state in which the
pressure-deformable materials 1005' contract by the pres-
sure of the chamber 103 controlled to a low-pressure state.
An arrow illustrated on the left side of the chamber 103 in
FIG. 6D may denote the low-pressure state of the chamber
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103. As illustrated in FIG. 6D, the micro LED transfer head
is lowered toward the second substrate 120. Then, the
pressure in the chamber 103 may be controlled to the
low-pressure state. Due thereto, the pressure-deformable
materials 1005 that have been expanded may be contracted
upward inside the through-holes 100a. The micro LEDs ML
held on the surfaces of the expanded pressure-deformable
materials 1005' may be detached from the surfaces of the
pressure-deformable materials 1005" which contract in the
opposite direction to the expanded direction.

[0139] As described above, in the micro LED transfer
head of the fourth embodiment, the chamber 103 in which
pressure is controlled may be provided at the upper portion
of the head unit 100. The micro LED transfer head is
configured such that the support part of the head unit 100 is
configured of the anodic oxide sheet 101 and the holding
part is configured of the pressure-deformable materials
1005', whereby the holding portions for holding the micro
LEDs and the surrounding areas of the holding portions may
be configured of different materials. In other words, the
micro LED transfer head may be configured by including the
head unit 100 configured of materials having properties the
opposite of each other. Due thereto, the holding portions that
come into direct contact with the micro LEDs ML may be
configured of a material having a low hardness, thereby
preventing damage to the micro LEDs ML. Furthermore, the
surrounding areas of the holding portions may be configured
of a material having a high degree of hardness and thus may
not be easily deformed by pressure. As a result, it is possible
to prevent occurrence of positional misalignment of the
holding portions, thereby improving accuracy of holding the
micro LEDs.

[0140] As described above, the present invention has been
described with reference to exemplary embodiments. How-
ever, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, with-
out departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

What is claimed is:

1. A micro LED transfer head, comprising:

a head unit including a plurality of through-holes formed

by passing therethrough from top to bottom,

wherein a thermo-deformable material is provided in each

of the through-holes such that micro LEDs are held
onto surfaces of the thermo-deformable materials.

2. The micro LED transfer head of claim 1, wherein a
support part of the head unit is configured of at least one
anodic oxide sheet.

3. The micro LED transfer head of claim 1, wherein the
thermo-deformable materials provided in the respective
through-holes are supported by a support part of the head
unit, the support part surrounding the thermo-deformable
materials.
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4. The micro LED transfer head of claim 1, wherein a
temperature control means is provided at an upper portion of
the head unit.

5. The micro LED transfer head of claim 4, wherein the
temperature control means is a fluid, and

when the thermo-deformable materials are expanded by
temperature control of the fluid, the micro LEDs are
held onto the surfaces of the expanded thermo-deform-
able materials, and when the thermo-deformable mate-
rials are contracted by temperature control of the fluid,
the micro LEDs are detached from the surfaces of the
contracted thermo-deformable materials.

6. The micro LED transfer head of claim 4, wherein the

temperature control means is a thermo-conductive film, and
when the thermo-deformable materials are expanded by
the thermo-conductive film, the thermo-deformable
materials hold the micro LEDs, and when the thermo-
deformable materials are contracted by the thermo-
conductive film, the thermo-deformable materials
detach the micro LED:s.

7. The micro LED transfer head of claim 1, wherein the
thermo-deformable material is  polydimethylsiloxane
(PDMS).

8. A micro LED transfer head, comprising:

a head unit including a plurality of through-holes passing
therethrough from top to bottom, with a pressure-
deformable material provided in each of the through-
holes; and

a pressurizing member provided at an upper portion of the
head unit and including a protrusion,

wherein the protrusion is provided at a position corre-
sponding to each of the through-holes such that the
pressure-deformable materials provided in the respec-
tive through-holes are deformed by the pressurizing
member.

9. A micro LED transfer head, comprising:

a head unit including a plurality of through-holes passing
therethrough from top to bottom, with a pressure-
deformable material provided in each of the through-
holes; and

a chamber provided at an upper portion of the head unit
and in which pressure is controlled,

wherein when the pressure in the chamber is controlled to
a high-pressure state, the pressure-deformable materi-
als provided in the respective through-holes are
expanded and the micro LEDs are held onto surfaces of
the expanded pressure-deformable materials, and

when the pressure in the chamber is controlled to a
low-pressure state, the pressure-deformable materials
are contracted and the micro LEDs are detached from
the surfaces of the contracted pressure-deformable
materials.
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