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MICRO-LED DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 106137872, filed on Nov. 2, 2017.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to a display panel, and more
particularly to a micro-LED (light emitting diode) display
panel.

Description of Related Art

[0003] Micro-LED displays have advantages not only in
low power consumption, high brightness, high color satu-
ration, and fast response, but also in material stability and
image sticking. Therefore, the development of the display
technology of micro-LED displays has drawn much atten-
tion.

[0004] In terms of the manufacturing process, in the
process of transferring micro-LEDs from a growth substrate
to a driving circuit substrate, it is required to apply heat and
pressure to the micro-LEDs, so as to electrically bond the
micro-LED:s to the driving circuit substrate. However, in the
transfer process, the micro-LEDs may be damaged easily or
even break, which impairs the reliability of the micro-LED
display.

SUMMARY OF THE INVENTION

[0005] The present invention provides a micro-LED dis-
play panel having excellent reliability.

[0006] A micro-LED display panel according to an
embodiment of the invention includes a substrate, a plurality
of micro-LEDs and a plurality of reinforcing structures. The
micro-LEDs are disposed at a side of the substrate, wherein
each of the micro-LEDs comprises an epitaxial layer and an
electrode layer disposed on and electrically connected to the
epitaxial layer, and the electrode layers are located between
the substrate and the epitaxial layers. Each of the micro-
LEDs is electrically connected with the substrate through the
corresponding electrode layer, wherein a ratio of a thickness
of the electrode layer of each of the micro-LEDs to a
thickness of the epitaxial layer of the each of the micro-
LEDs is in a range of 0.3 to 0.5, and each of the electrode
layers comprises a first electrode and a second electrode
disposed separately. The reinforcing structures are respec-
tively disposed between the micro-LEDs and the substrate,
and each reinforcing structure is located between the corre-
sponding first electrode and the corresponding second elec-
trode, wherein a Young’s modulus of each reinforcing
structure is smaller than a Young’s modulus of the corre-
sponding electrode layer.

[0007] In an embodiment of the invention, each of the
epitaxial layers includes a first type semiconductor layer, a
light emitting layer and a second type semiconductor layer.
The light emitting layer is located between the first type
semiconductor layer and the second type semiconductor
layer of each of the epitaxial layers, wherein each of the first
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electrodes is electrically contacted with the corresponding
first type semiconductor layer. and each of the second
electrodes is electrically contacted with the corresponding
second type semiconductor layer through a conductive hole
penetrating the corresponding first type semiconductor layer
and the corresponding light emitting layer.

[0008] In an embodiment of the invention, a ratio of a
depth of each of the conductive holes to a thickness of the
corresponding epitaxial layer is in a range of 0.15 to 0.35.
[0009] Inanembodiment of the invention, a length of each
of the micro-LEDs is in a range of 3 nm to 100 nm, and a
gap between the first electrode and the second electrode of
each of the micro-LEDs is in a range of 1 nm to 30 nm.
[0010] In an embodiment of the invention, a ratio of a gap
between each of the first electrodes and the corresponding
second electrode to a length of the corresponding micro-
LED is in a range of 0.1 to 0.25.

[0011] In an embodiment of the invention, each of the
micro-LEDs has a first side surface of the first electrode and
a second side surface of the second electrode, the first side
surface faces toward the second side surface of each of the
micro-LEDs, and each of the reinforcing structures is con-
tacted with the corresponding first side surface and the
corresponding second side surface.

[0012] In an embodiment of the invention, the substrate
includes a plurality of supporting structures, a plurality of
first pads and a plurality of second pads, each of the first
electrodes is electrically contacted with the corresponding
first pad, each of the second electrodes is electrically con-
tacted with the corresponding second pad, and each of the
supporting structures is disposed between the corresponding
first electrodes and the corresponding second electrodes and
contacted with the corresponding reinforcing structure.
[0013] In an embodiment of the invention, the first elec-
trode of each of the micro-LEDs has a first bonding surface
facing toward the substrate, each of the reinforcing struc-
tures has a top surface facing toward the substrate, and a step
height between each of the first bonding surfaces and the
corresponding top surface is smaller than or equal to 50% of
a thickness of the corresponding first electrode.

[0014] In an embodiment of the invention, the second
electrode of each of the micro-LEDs has a second bonding
surface facing toward the substrate, and the top surface of
each of the reinforcing structures excesses the corresponding
first bonding surface and second bonding surface.

[0015] In an embodiment of the invention, the substrate
includes a plurality of first pads and a plurality of second
pads, each of the first electrodes is electrically contacted
with the corresponding first pad, each of the second elec-
trodes is electrically contacted with the corresponding sec-
ond pad, and each of the reinforcing structures inserts
between the corresponding first pad and second pad.

[0016] In an embodiment of the invention, at least one of
the reinforcing structures has a first height, and at least
another one of the reinforcing structures has a second height,
wherein the first height is greater than the second height.

[0017] Inan embodiment of the invention, the micro-LED
display panel further includes a plurality of bonding layers,
and the micro-LEDs are electrically connected with the
substrate through the bonding layers. At least one of the
bonding layers has a first thickness, and at least another one
of the bonding layers has a second thickness, wherein the
first thickness is greater than the second thickness.
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[0018] Base on the above, the micro-LEDs of the micro-
LED display panel of the invention are configured with a
plurality of reinforcing structures respectively. During the
process of transferring the micro-LEDs to the substrate, the
reinforcing structures can serve as buffers when the micro-
LEDs being heated and pressurized to prevent the micro-
LEDs from being damaged or cracked. Thereby, reliability
of the micro-LED display panel can be enhanced.

[0019] To make the above features and advantages of the
invention more comprehensible, several embodiments
accompanied with drawings are described in detail as fol-
lows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the
invention and, together with the description, serve to explain
the principles of the invention.

[0021] FIG. 1 is a schematic partial cross-sectional view
of a micro-LED display panel according to a first embodi-
ment of the invention.

[0022] FIG. 2 is a schematic partial cross-sectional view
of a micro-LED display panel according to a second
embodiment of the invention.

[0023] FIG. 3 is a schematic partial cross-sectional view
of a micro-LED display panel according to a third embodi-
ment of the invention.

[0024] FIG. 4 is a schematic partial cross-sectional view
of a micro-LED display panel according to a fourth embodi-
ment of the invention.

[0025] FIG. 5 is a schematic partial cross-sectional view
of a micro-LED display panel according to a fifth embodi-
ment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0026] Some other embodiments of the invention are
provided as follows. It should be noted that the reference
numerals and part of the contents of the previous embodi-
ment are used in the following embodiments, in which
identical reference numerals indicate identical or similar
components, and repeated description of the same technical
contents is omitted. Please refer to the description of the
previous embodiment for the omitted contents, which will
not be repeated hereinafter.

[0027] FIG. 1 is a schematic partial cross-sectional view
of a micro-LED display panel according to a first embodi-
ment of the invention. Referring to FIG. 1, in this embodi-
ment, a micro-LED display panel 100 includes a substrate
110, a plurality of micro-LEDs 120 and a plurality of
reinforcing structures 130, wherein the substrate 110 may be
a drive circuit substrate having a drive circuit (not illus-
trated), a plurality pairs of pads 112 are disposed on a surface
111 of the substrate 110 and electrically connected to a drive
circuit (not illustrated), and each pair of pads 112 includes
a first pad 113 and a second pad 114.

[0028] The micro-LEDs 120 are disposed on the surface
111 of the substrate 110. Each micro-LED 120 includes an
epitaxial layer 121 and an electrode layer 122 electrically
connected to the epitaxial layer 121, and the electrode layer
122 is located between the substrate 110 and the epitaxial
layer 121. Each micro-LED 120 is electrically connected to
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the substrate 110 through the corresponding electrode layer
122, wherein a ratio of a thickness d1 of the electrode layer
122 to a thickness d2 of the corresponding epitaxial layer
121 is in a range of 0.3 to 0.5 in one of the micro-LEDs 120.
If the thickness d1 of each electrode layer 122 is too thin,
poor conduction or uneven current distribution occurs.
[0029] Each electrode layer 122 includes a first electrode
123 and a second electrode 124, and the first electrode 123
and the second electrode 124 are disposed separately on the
epitaxial layer 121, wherein the first electrode 123 is elec-
trically connected to the first pad 113, and the second
electrode 124 is electrically connected to the second pad
114. During a process of transferring the micro-LEDs 120 to
the substrate 110 and subjecting the micro-LEDs 120 to be
electrically bonded with the substrate 110, a solder is
required to be disposed on one of the pair of pads 112 or on
the electrode layer 122, wherein a material of the solder may
be indium, tin, gold, other electrically conducting metal or
electrically conducting alloy. Next, the first electrode 123 is
subjected to be aligned with the first pad 113, and the second
electrode 124 is subjected to be aligned with the second pad
114. Next, the first electrode 123 is subjected to be contacted
with the first pad 113 through the solder, and the second
electrode 124 is subjected to be contacted with the second
pad 114 through the solder. A process of pressurizing and
heating is performed, and the reflowed solder may form a
bonding layer 125 so that the micro-LEDs 120 are electri-
cally bonded with the substrate 110. Moreover, each first
electrode 123 is electrically contacted with the correspond-
ing first pad 113 through corresponding bonding layer 125,
and each second electrode 124 is electrically contacted with
the corresponding second pad 114 through corresponding
bonding layer 125.

[0030] Each epitaxial layer 121 includes a first type semi-
conductor layer 126, a light emitting layer 127 and a second
type semiconductor layer 128, wherein the light emitting
layer 127 is located between the first type semiconductor
layer 126 and the second type semiconductor layer 128, and
the light emitting layer 127 is connected with the first type
semiconductor layer 126 and the second type semiconductor
layer 128. Moreover, each first electrode 123 is electrically
contacted with the corresponding first type semiconductor
layer 126, and each second electrode 124 is electrically
contacted with the corresponding second type semiconduc-
tor layer 128 through a conductive hole 129 penetrating the
corresponding first type semiconductor layer 126 and the
corresponding light emitting layer 127.

[0031] In this embodiment, a ratio of a depth d3 of the
conductive hole 129 to the thickness d2 of the epitaxial layer
121 is in a range of 0.15 to 0.35 for one of the micro-LEDs,
wherein the depth d3 is measured from a surface of the first
type semiconductor layer 126 thereon to an end of each
conductive hole 129. If the depth d3 of each conductive hole
129 is too deep, the epitaxial layer 121 breaks easily when
pressure is applied.

[0032] In this embodiment, a length [ of each micro-LED
120 is in a range of 3 nm to 100 nm, and a gap G between
the first electrode 123 and the second electrode 124 of each
micro-LED 120 is in a range of 1 nm to 30 nm. Moreover,
a ratio of the gap G between the first electrode 123 and the
second electrode 124 of each micro-LED 120 to the length
L of the corresponding micro-LED 120 is in a range of 0.1
to 0.25. If the gap G between the first electrode 123 and the
second electrode 124 of each micro-LED 120 is too narrow,
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the first electrode 123 and the second electrode 124 of each
micro-LED 120 may be bridged by the bonding layer 125
and results in short circuit. If the gap G between the first
electrode 123 and the second electrode 124 of each micro-
LED 120 is too wide, an area of the first electrode 123 and
an area of the second electrode 124 of each micro-LED 120
decrease accordingly. As a result, the first electrode 123 and
the second electrode 124 of each micro-LED 120 may be
hard to align with the corresponding pair of pads 112
accurately and results in low bonding yield rate.

[0033] Referring to FIG. 1, the reinforcing structures 130
are respectively disposed between the micro-LEDs 120 and
the substrate 110. Moreover, a reinforcing structure 130 is
disposed between a first electrode 123 and a second elec-
trode 124 of each micro-LED 120, and the reinforcing
structure 130, the first electrode 123 and the second elec-
trode 124 are all disposed on the same side of the epitaxial
layer 121. A material of the reinforcing structures 130 may
be an organic material (such as a photoresist material, a resin
material or a macromolecular material), an inorganic mate-
rial (such as silicon oxide or nitride) or a hybrid organic-
inorganic material, and a Young’s modulus of each reinforc-
ing structure 130 is smaller than a Young’s modulus of the
corresponding electrode layer 122. In other words, when
applied by a force, the reinforcing structure 130 has an
elastic deformation greater than an elastic deformation of the
electrode layer 122. Therefore, during the process of trans-
ferring the micro-LEDs 120 to the substrate 110, the rein-
forcing structures 130 can serve as buffers when the epitaxial
layers 121 being heated and pressurized to prevent the
epitaxial layers 121 from being damaged or cracked. In this
embodiment, a material of the reinforcing structures 130 is
an organic material, such as benzocyclobutene (BCB) or
polyimide (PI), and a Young’s modulus of the reinforcing
structures is in a range of 2.5 GPa to 5 GPa preferably within
a range from 2.9 GPa to 3.6 GPa.

[0034] In this embodiment, each first electrode 123 has a
first side surface 123a and each second electrode 124 has a
second side surface 124a. For one of the micro-LEDs 120,
the first side surface 123a faces toward the second side
surface 124a of the one of the micro-LEDs, and the rein-
forcing structure 130 is contacted with the first side surface
123a and the second side surface 124a. Fach first electrode
123 has a first bonding surface 1235 facing toward the
substrate 110 and each second electrode 124 has a second
bonding surface 124b facing toward the substrate 110,
wherein the first bonding surface 1235 and the second
bonding surface 124b are respectively contacted with the
corresponding bonding layer 125.

[0035] Each reinforcing structure 130 has a top surface
131 facing toward the substrate 110, and a step height
between the first bonding surface 1235 of each first electrode
123 and the corresponding reinforcing structure 130 is
smaller than or equal to half a thickness of the corresponding
first electrode 123 (i.e., 50% of the thickness d1 of the
electrode layer 122). In this embodiment, the top surface 131
of each reinforcing structure 130 excesses the corresponding
first bonding surface 1235 and the corresponding second
bonding surface 1245 (i.e., a distance between the top
surface 131 and the first type semiconductor layer 126 is
greater than a distance between the first bonding surface
1235 and the first type semiconductor layer 126), wherein
one of the reinforcing structures 130 disposed on one of the
micro-LEDs 120 and located between the first pad 113 and
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the second pad 114 of the one of the micro-LEDs 120, and
the top surface 131 of the one of the reinforcing structure
130 may contact with the surface 111 of the substrate 110 for
providing buffering and supporting effects. Alignment
between the micro-LEDs 120 and the pairs of pads 112 will
be improved with the reinforcing structure 130, in other
words, during the process of transferring each micro-L.ED
120 to the substrate 110, subjecting the first electrode 123
and the second electrode 124 of each micro-LED 120 to be
respectively aligned with corresponding first pad 113 and
second pad 114 and thereby enhancing the bonding yield
rate.

[0036] Some other embodiments of the invention are
provided as follows. It should be noted that the reference
numerals and part of the contents of the previous embodi-
ment are used in the following embodiments, in which
identical reference numerals indicate identical or similar
components, and descriptions of the same technical contents
are omitted. Please refer to the description of the previous
embodiment for the omitted contents, which will not be
repeated hereinafter.

[0037] FIG. 2 is a schematic partial cross-sectional view
of a micro-LED display panel according to a second
embodiment of the invention. Referring to FIG. 2, the
difference between a micro-LED display panel 100A of this
embodiment and the micro-LED display panel 100 of the
first embodiment is: a substrate 110a of this embodiment
further includes a plurality of supporting structures 115a,
and at least one supporting structure 115a is disposed
between the first pad 113 and the second pad 114 disposed
in pair. The supporting structures 115q are preferably formed
by an insulating material, but is not limited thereto. For
example, a number of the supporting structures 115a sub-
stantially is equal to a number of a plurality of reinforcing
structures 130a, wherein a top surface 131a of each rein-
forcing structures 130a is coplanar with the corresponding
first bonding surface 1234 and the corresponding second
bonding surface 1245 (in other words, a distance between
the top surface 131a and the first type semiconductor layer
126 is equal to a distance between the first bonding surface
1235 and the first type semiconductor layer 126), and each
supporting structure 115a excesses a surface of the corre-
sponding first pad 113 and second pad 114 where the
bonding layer 125 is located. During the process of trans-
ferring each micro-LED 120 to the substrate 110, each
supporting structure 115¢ can serve as a buffer and a
supporter for being contacted with the top surface 131a of
the corresponding reinforcing structure 130a when each
micro-LED 120 being heated and pressurized. In this
embodiment, a cross-sectional shape of the supporting struc-
tures 115a may be a trapezoid, but is not limited thereto.

[0038] FIG. 3 is a schematic partial cross-sectional view
of a micro-LED display panel according to a third embodi-
ment of the invention. Referring to FIG. 3, the difference
between a micro-LED display panel 100B of this embodi-
ment and the micro-LED display panel 100 of the first
embodiment is: a substrate 1105 of this embodiment further
includes a plurality of supporting structures 1155 formed on
the surface 111, and one supporting structure 1155 is dis-
posed between the first pad 113 and the second pad 114
disposed in pair. A number of the supporting structures 115
substantially is equal to a number of the reinforcing struc-
tures 1305, wherein a top surface 1315 of each reinforcing
structure 1304 is lower to the corresponding first bonding
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surface 1234 and second bonding surface 1245 (ie., a
distance between the top surface 1315 and the first type
semiconductor layer 126 is smaller than a distance between
the first bonding surface 123b and the first type semicon-
ductor layer 126 and a distance between the second bonding
surface 1245 and the first type semiconductor layer 126),
and each supporting structure 1155 excesses the bonding
layer 125 on the corresponding first pad 113 and second pad
114. During the process of transferring each micro-LED 120
to the substrate 110, each supporting structure 1156 can
serve as a buffer, a supporter and an alignment auxiliary for
being inserted between the corresponding first electrode 123
and the corresponding second electrode 124 and contacted
with the top surface 1315 of the corresponding reinforcing
structure 1305 when each micro-LED 120 being heated and
pressurized. For example, a cross-sectional shape of the
supporting structures 11556 may be a rectangle, and the
supporting structures 1155 may be formed integrally on the
surface 111 (that is, the supporting structures 1154 and the
substrate 1105 may be formed by the same material), but the
invention is not limited thereto.

[0039] FIG. 4 is a schematic partial cross-sectional view
of a micro-LED display panel according to a fourth embodi-
ment of the invention. Referring to FIG. 4, the difference
between a micro-LED display panel 100C of this embodi-
ment and the micro-LED display panel 100 of the first
embodiment is: a substrate 110¢ of this embodiment further
includes a plurality of supporting structures 115¢ formed on
the surface 111, and one supporting structure 115¢ is dis-
posed between the first pad 113 and the second pad 114
disposed in pair. A number of the supporting structures 115¢
substantially is equal to a number of the reinforcing struc-
tures 130¢, wherein a top surface 131c¢ of each reinforcing
structure 130c excesses the corresponding first bonding
surface 1235 and the corresponding second bonding surface
124b (i.e., a distance between the top surface 131¢ and the
first type semiconductor layer 126 is greater than a distance
between the first bonding surface 12356 and the first type
semiconductor layer 126 or a distance between the second
bonding surface 1245 and the first type semiconductor layer
126), and each supporting structure 1155 is lower to a
surface of the corresponding first pad 113 and second pad
114 where the bonding layer 125 is located. During the
process of transferring each micro-LED 120 to the substrate
110, each reinforcing structure 130c can serve as a buffer, a
supporter and an alignment auxiliary for being inserted
between the corresponding first pad 113 and the correspond-
ing second pad 114 and abutted against the corresponding
supporting structure 115¢ through the top surface 131c
thereof when each micro-LED 120 being heated and pres-
surized. For example, a cross-sectional shape of the sup-
porting structures 115¢ may be a rectangle, and the support-
ing structures 115¢ may be formed integrally on the surface
111 (that is, the supporting structures 115¢ and the substrate
110¢ may be formed by the same material), but the invention
is not limited thereto.

[0040] FIG. 5 is a schematic partial cross-sectional view
of a micro-LED display panel according to a fifth embodi-
ment of the invention. The difference between a micro-LED
display panel 100D of this embodiment and the micro-LED
display panel 100 of the first embodiment is: in this embodi-
ment, the micro-LED display panel 100D includes a plural-
ity of reinforcing structures 1304 having different heights.
Furthermore, the micro-LEDs 120 in one of pixels (not
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drawn) may include a red micro-LED, a green micro-LED
and a blue micro-LED, wherein an order of transferring the
micro-LEDs 120 to a substrate 1104 may be the red micro-
LED, the blue micro-LED and then the green micro-LED,
but is not limited thereto.

[0041] In a pixel of this embodiment, the red micro-LED
is the first one micro-LED 120 that is transferred to the
substrate 1104 and matches with a reinforcing structure 1304
having a height h1, the blue micro-LED is transferred to the
substrate 1104 subsequently and matches with a reinforcing
structure 1304 having a height h2, and the green micro-LED
is the last one micro-LED 120 that is transferred to the
substrate 1104 and matches with a reinforcing structure 1304
having a height h3, wherein the height h3 is greater than the
height h2, and the height h2 is greater than the height h1. In
other words, the height of one of the reinforcing structure
1304 relatives to transferring order of the micro-LEDs 120
with different color. As a result, the micro-LED 120 first
transferred to the substrate 1104 may be protected from
damages caused by pressurizing in the subsequent transfer
process, and the process yield may enhance thereby.

[0042] Because a top surface 1314 of each reinforcing
structure 130d may contact with the surface 111 of the
substrate 110 when transferring and bonding process carry-
ing out, the reinforcing structures 130d provide buffering
and supporting effects. The reinforcing structures 1304 have
different heights, so a distance from the first bonding surface
1230 of the first electrode 123 (and the second bonding
surface 1245 of the second electrode 124) of the micro-
LEDs 120 to the surface 111 of the substrate 110 is different
between two micro-LEDs 120 with different colors. Further-
more, a distance from the first bonding surface 1235 of the
first electrode 123 (and the second bonding surface 1245 of
the second electrode 124) of one of the micro-LEDs 120,
which matches the reinforcing structure 1304 having a
height hi, to the surface 111 of the substrate 110 is smaller
than a distance from the first bonding surface 1235 of the
first electrode 123 (and the second bonding surface 1245 of
the second electrode 124) of another one micro-LED 120,
which matches the reinforcing structure 1304 having a
height h2, to the surface 111 of the substrate 110. The
distance from the first bonding surface 1235 of the first
electrode 123 (and the second bonding surface 1245 of the
second electrode 124) of the micro-LEDs 120, which
matches the reinforcing structure 1304 having a height h2,
to the surface 111 of the substrate 110 is smaller than a
distance from the first bonding surface 1235 of the first
electrode 123 (and the second bonding surface 1245 of the
second electrode 124) of the other one of the micro-LEDs
120, which matches the reinforcing structure 1304 having a
height h3, to the surface 111 of the substrate 110.

[0043] As described above, the pairs of pads 112 all
having the same thickness and the bonding layers 125 have
different height. For example, one of the bonding layers 125
having a thickness d4 is corresponding to the micro-LED
120 matching the reinforcing structure 1304 having the
height h1, another bonding layer 125 having a thickness d5
is corresponding to the micro-LED 120 matching the rein-
forcing structure 1304 having the height h2, and the other
one of the bonding layers 125 having a thickness d5 is
corresponding to the micro-LED 120 matching the reinforc-
ing structure 1304 having the height h3. In other words, if
the micro-LED 120 matches the reinforcing structure 1304
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having a greater height, the bonding layer 125 disposed
correspondingly to the micro-LED 120 has a greater thick-
ness.

[0044] In other embodiments, the surfaces of the micro-
LEDs 120 opposite to the substrate may be coplanar with
each other by lowering the thickness of the micro-LED 120
matching the reinforcing structure having the greater height
or by increasing the thickness of the micro-LED 120 match-
ing the reinforcing structure having the smaller height. In
other words, a thickness of at least one of the micro-LEDs
120 may be different from a thickness of at least another one
of the micro-LEDs 120. On the other hand, the height of the
reinforcing structure may be adjusted as well. For example,
the micro-LED 120 having a smaller thickness may match
the reinforcing structure having a greater height, as the
micro-LED 120 having a greater thickness may match the
reinforcing structure having a smaller height, to improve the
evenness and the display quality.

[0045] In sum of the above, the micro-L.EDs of the micro-
LED display panel of the invention are configured with a
plurality of reinforcing structures respectively. During the
process of transferring the micro-LEDs to the substrate, the
reinforcing structures can serve as buffers when the micro-
LEDs being heated and pressurized. Furthermore, a Young’s
modulus of each reinforcing structure is smaller than a
Young’s modulus of the electrode layer of the corresponding
micro-LED. In other words, when a bonding stress is applied
to the micro-LLED, the reinforcing structure has an elastic
deformation greater than an elastic deformation of the
micro-LED, the micro-LEDs are thus free from damages or
cracks when under pressure, and reliability of the micro-
LED display panel thereby enhances. On the other hand,
during the process of transferring the micro-LEDs to the
substrate 110, each reinforcing structure can serve as a buffer
and a supporter for being contacted with the substrate or
with the corresponding supporting structure on the substrate
when the micro-LEDs being heated and pressurized.
[0046] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
disclosed embodiments without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the invention covers modifications and variations of this
disclosure provided that they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. a micro-LED display panel, comprising:

a substrate;

a plurality of micro-LEDs, disposed at a side of the
substrate, wherein each of the micro-ILEDs comprises
an epitaxial layer and an electrode layer disposed on
and electrically connected with the epitaxial layer, and
the electrode layer are located between the epitaxial
layers and the substrate, each of the micro-LEDs is
electrically connected with the substrate through the
corresponding electrode layer, wherein a ratio of a
thickness of the electrode layer of each of the micro-
LED:s to a thickness of the epitaxial layer of the each of
the micro-LEDs is in a range of 0.3 to 0.5, and each of
the electrode layers comprises a first electrode and a
second electrode disposed separately; and

a plurality of reinforcing structures, respectively disposed
between the micro-LEDs and the substrate, and each of
the reinforcing structures is located between the corre-
sponding first electrode and the corresponding second
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electrode, wherein a Young’s modulus of each of the
reinforcing structures is smaller than a Young’s modu-
lus of the corresponding electrode layer.

2. The micro-LED display panel according to claim 1,
wherein each of the epitaxial layers comprises a first type
semiconductor layer, a light emitting layer and a second type
semiconductor layer, the light emitting layer is located
between the first type semiconductor layer and the second
type semiconductor layer of each of the epitaxial layers,
wherein each of the first electrodes is electrically contacted
with the corresponding first type semiconductor layer, and
each of the second electrodes is electrically contacted with
the corresponding second type semiconductor layer through
a conductive hole penetrating the corresponding first type
semiconductor layer and the corresponding light emitting
layer.

3. The micro-LED display panel according to claim 2,
wherein a ratio of a depth of each of the conductive holes to
a thickness of the corresponding epitaxial layer is in a range
of 0.15 to 0.35.

4. The micro-LED display panel according to claim 1,
wherein a length of each of the micro-LED:s is in a range of
3 nm to 100 nm, and a gap between the first electrode and
the second electrode of each of the micro-LEDs is in a range
of 1 nm to 30 nm.

5. The micro-LED display panel according to claim 1,
wherein a ratio of a gap between each of the first electrodes
and the corresponding second electrode to a length of the
corresponding micro-LED is in a range of 0.1 to 0.25.

6. The micro-LED display panel according to claim 1,
wherein each of the micro-LEDs has a first side surface of
the first electrode and a second side surface of the second
electrode, the first side surface faces toward the second side
surface of each of the micro-LEDs, and each of the rein-
forcing structures is contacted with the corresponding first
side surface and the corresponding second side surface.

7. The micro-LED display panel according to claim 1,
wherein the substrate comprises a plurality of supporting
structures, a plurality of first pads and a plurality of second
pads, each of the first electrodes is electrically contacted
with the corresponding first pad, each of the second elec-
trodes is electrically contacted with the corresponding sec-
ond pad, and each of the supporting structures is disposed
between the corresponding first electrodes and the corre-
sponding second electrodes and contacted with the corre-
sponding reinforcing structure.

8. The micro-LED display panel according to claim 1,
wherein the first electrode of each of micro-LEDs has a first
bonding surface facing toward the substrate, each of the
reinforcing structures has a top surface facing toward the
substrate, and a step height between each of the first bonding
surfaces and the corresponding top surface is smaller than or
equal to 50% of a thickness of the corresponding first
electrode.

9. The micro-LED display panel according to claim 8,
wherein the second electrode of each of micro-LEDs has a
second bonding surface facing toward the substrate, and the
top surface of each of the reinforcing structures excesses the
corresponding first bonding surface and the corresponding
second bonding surface.

10. The micro-LED display panel according to claim 9,
wherein the substrate comprises a plurality of first pads and
a plurality of second pads, each of the first electrodes is
electrically contacted with the corresponding first pad, each
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of the second electrodes is electrically contacted with the
corresponding second pad, and each of the reinforcing
structures inserts between the corresponding first pad and
the corresponding second pad.

11. The micro-LED display panel according to claim 1,
wherein at least one of the reinforcing structures has a first
height, and at least another one of the reinforcing structures
has a second height, wherein the first height is greater than
the second height.

12. The micro-LED display panel according to claim 11,
further comprising a plurality of bonding layers, wherein the
micro-LEDs are electrically connected with the substrate
through the bonding layers, at least one of the bonding layers
has a first thickness, and at least another one of the bonding
layers has a second thickness, wherein the first thickness is
greater than the second thickness.

* % % k¥

May 2, 2019



THMBW(EF)

FRIRAA

RAAN

IPCH %S
CPCH %5
1R AR

H AR FF 30k
SNEREESE

BEGF)

MBLEDE RE
US20190131281A1 NF(LE)R
US16/154740 BmiE A

LIU YING TSANG
LI YU CHU
CHEN PEI HSIN
CHEN YI CHING
LIN TZU YANG
LAl YU HUNG

LIU, YING-TSANG
LI, YU-CHU
CHEN, PEI-HSIN
CHEN, YI-CHING
LIN, TZU-YANG
LAl YU-HUNG

HO1L25/075 HO1L33/48 HO1L33/38

HO1L25/0753 HO1L33/483 HO1L33/38 HO1L33/44

106137872 2017-11-02 TW

US10522520

Espacenet USPTO

RHU—HLEDERER , DEER , SNULEDMSMEBE. B

B EDRBEEERN—N , HPSNMIELEDSEALEE M BEZESIA
LEENBERE , BREMNTALEEZMERZE, S MELEDE MK
BREEEEINER, SNBEREEEE —BMAE B, WELEN
PR EEMLEDMERZE , SMEELEWIY THNME —SBRANE
—HRZE, SMERLEHNGRKEE N THNBREND KRR,

12

M ,,
TETTIE 0 2472 | o /
VIS i |

2019-05-02

2018-10-09

patsnap



https://share-analytics.zhihuiya.com/view/69168b93-fe56-4c55-89ab-0ba4bf63c84f
https://worldwide.espacenet.com/patent/search/family/064453111/publication/US2019131281A1?q=US2019131281A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190131281%22.PGNR.&OS=DN/20190131281&RS=DN/20190131281

