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(57) ABSTRACT

A micro LED including an epitaxial stack layer, a first
electrode and a second electrode is provided. A lower
surface of the first electrode is in contact with an upper
surface of a first semiconductor layer of the epitaxial stack
layer. An upper surface of the second electrode is in contact
with a lower surface of a second semiconductor layer of the
epitaxial stack layer. The lower surface of the first electrode
substantially coincides with the upper surface of the first
semiconductor layer. The upper surface of the second elec-
trode substantially coincides with the lower surface of the
second semiconductor layer. Furthermore, a display panel is
also provided.

21 Claims, 4 Drawing Sheets
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MICRO LIGHT EMITTING DIODE AND
DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 106110086, filed on Mar. 27, 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
1. Field of the Invention

The invention relates to a light emitting diode and a
display panel, and more particularly, to a micro light emit-
ting diode (Micro LED; uLLED) and a display panel using the
micro light emitting diode.

2. Description of Related Art

With advancements in optoelectronic technologies, vari-
ous optoelectronic elements have been gradually developed
trending to volume microminiaturization. In recent years,
due to the breakthrough in production size for the light
emitting diode (LED), a micro LED display panel with
microminiaturization of light emitting diodes applied on a
display is gradually being given weight to. The micro LED
display panel is characterized by high efficiency, longer
lifetime, relatively stable material that is insensitive to
environmental influences and capability of providing image
frames with high resolution. With those advantages, the
micro LED display panel becomes the mainstream of future
display technology. However, because a micro light emitting
diode chip used is rather small in terms of chip size, the
difficulty for making the micro LED display panel is rela-
tively higher as compared to the general light emitting
diodes. Moreover, thermal energy generated during opera-
tions of the micro LED display panel can easily affect
overall electrical characteristic of the micro light emitting
diode. In view of the above, how to solve the problems
regarding manufacturing process and heat dissipation has
always been one of the issues to be addressed for person
skilled in the art

SUMMARY OF THE INVENTION

The invention provides a micro light emitting diode,
which is capable of allowing a display panel using such
micro light emitting diode to provide a simpler manufactur-
ing process, a favorable cooling effect and a favorable
electrical characteristic.

The invention provides a display panel, which can pro-
vide a simpler manufacturing process, a favorable cooling
effect, a favorable electrical characteristic and a favorable
production yield rate.

In one embodiment of the invention, a micro light emit-
ting diode including an epitaxial stack layer, a first electrode
and a second electrode is proposed. A lower surface of the
first electrode is in contact with an upper surface of a first
semiconductor layer of the epitaxial stack layer. The lower
surface of the first electrode substantially coincides with the
upper surface of the first semiconductor layer. An upper
surface of the second electrode is in contact with a lower
surface of a second semiconductor layer of the epitaxial
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stack layer. The upper surface of the second electrode
substantially coincides with the lower surface of the second
semiconductor layer.

In one embodiment of the invention, a display panel
including a backpanel, a first bonding layer, a plurality of
aforesaid micro light emitting diodes and a second bonding
layer is proposed. The first bonding layer is disposed on the
backpanel, and is electrically connected to the backpanel.
The micro light emitting diodes are disposed on the first
bonding layer, and the micro light emitting diodes are
electrically connected to the first bonding layer. The second
bonding layer is electrically connected to the micro light
emitting diodes, and the micro light emitting diodes are
located between the first bonding layer and the second
bonding layer.

In one embodiment of the invention, the display panel
further includes an insulation layer. The insulation layer is
disposed between any adjacent two of the micro light
emitting diodes.

In one embodiment of the invention, an inclined angle is
provided between a lateral surface of the second semicon-
ductor layer and the upper surface of the second electrode,
and the inclined angle ranges from 45° to 85°.

In one embodiment of the invention, a lateral surface of
the first semiconductor layer is coplanar with a lateral
surface of the first electrode.

In one embodiment of the invention, the first semicon-
ductor layer is a P-type semiconductor layer, and the second
semiconductor layer is an N-type semiconductor layer.

In one embodiment of the invention, a thickness of the
first electrode is greater than a thickness of the first semi-
conductor layer.

In one embodiment of the invention, a ratio of a thickness
of the first electrode to a thickness of the first semiconductor
layer ranges from greater than 1 to less than or equal to 10.

In one embodiment of the invention, a material of the first
electrode includes a transparent or semi-transparent conduc-
tive material, and a material of the second electrode includes
a metal material.

In one embodiment of the invention, a sectional shape of
the epitaxial stack layer is a trapezoid.

In one embodiment of the invention, a thickness of the
epitaxial stack layer ranges from 2 um to 6 pm.

In one embodiment of the invention, a maximum width of
the epitaxial stack layer ranges from 1 um to 50 um.

In one embodiment of the invention, a ratio of a thickness
of the epitaxial stack layer to a maximum width of the
epitaxial stack layer ranges from 0.1 to 1.5.

In one embodiment of the invention, the backpanel further
includes a plurality of pixels. Each of the pixels includes at
least three sub-pixels, and at least one of the micro light
emitting diodes is located within the sub-pixel.

In one embodiment of the invention, the display panel
further includes a plurality of reflective elements. The micro
light emitting diode is located between any adjacent two of
the reflective elements.

In one embodiment of the invention, the second bonding
layer is connected to upper surfaces and lateral surfaces of
the first electrodes of the micro light emitting diodes.

Based on the above, in the micro light emitting diode
according to the embodiments of the invention, the lower
surface of the first electrode substantially coincides with the
upper surface of the first semiconductor layer, and the upper
surface of the second electrode substantially coincides with
the lower surface of the second semiconductor layer. With
said coincident design, the micro light emitting diode
according to the embodiments can rapidly transfer heat to
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the outside so as to provide favorable cooling effect and
favorable electrical characteristic. Also, with said coincident
design, the micro light emitting diodes can be bonded to the
backpanel of the display panel more stably, such that the
manufacturing process can be simpler. Because the display
panel according to the embodiments has aforementioned
micro light emitting diodes, the display panel of the display
panel can also provide favorable cooling effect and favor-
able electrical characteristic as well as favorable manufac-
turing process.

To make the above features and advantages of the dis-
closure more comprehensible, several embodiments accom-
panied with drawings are described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1A is a partial top view of a display panel according
to an embodiment of the invention.

FIG. 1B is a cross-sectional view along a line A-A'
depicted in FIG. 1A.

FIG. 2 is a partial cross-sectional view of a display panel
according to another embodiment of the invention.

FIG. 3 is a partial cross-sectional view of a display panel
according to yet another embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

FIG. 1A is a partial top view of a display panel according
to an embodiment of the invention. FIG. 1B is a cross-
sectional view along a line A-A' depicted in FIG. 1A. With
reference to FIGS. 1A and 1B, in the present embodiment,
a display panel 200 is implemented by a micro LED display
panel. The display panel 200 includes a backpanel 210, a
first bonding layer 220, a plurality of micro light emitting
diodes 100, an insulation layer 230 and a second bonding
layer 240. The backpanel 210 has a plurality of pixels P
(only one pixel P is exemplarily illustrated in FIG. 1A), and
each of the pixels P further includes a plurality of sub-pixels
SP. The pixel P includes, for example, three sub-pixels SP1,
SP2 and SP3, but the invention is not limited thereto. The
first bonding layer 220 is disposed on the backpanel 210, and
is electrically connected to the backpanel 210. The micro
light emitting diodes 100 are disposed on the first bonding
layer 220, and the micro light emitting diodes 100 are
electrically connected to the first bonding layer 220. Further,
at least one of the micro light emitting diodes 100 is located
in the sub-pixel SP. Specifically, a red micro light emitting
diode 100R is, for example, located in the sub-pixel SP1; a
blue micro light emitting diode 100B is, for example,
located in the sub-pixel SP2; a green micro light emitting
diode 100G is, for example, located in the sub-pixel SP3, but
the invention is not limited to the above. The micro light
emitting diodes 100 are electrically connected to the first
bonding layer 220. The second bonding layer 240 is elec-
trically connected to the micro light emitting diodes 100, and
the micro light emitting diodes 100 and the insulation layer
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230 are located between the first bonding layer 220 and the
second bonding layer 240. In other embodiments not illus-
trated, it is also possible that the display panel does not
include the insulation layer 230, which is not particularly
limited by the invention. Here, the first bonding layer 220 is
a non-continuous patterned structure, and each of the micro
light emitting diodes 100 is correspondingly connected to
one first bonding layer 220. In the present embodiment, a
material of the first bonding layer 220 includes a metal
material such as Au, Cu, Sn, In, an alloy of the above
material and a combination of the above materials. A mate-
rial of the second bonding layer 240 includes a transparent
or semi-transparent material such as a thin-film metal,
Indium Tin Oxide (ITO), a conductive polymer compound,
Graphene and a combination of the above materials, but the
invention is not limited to the above. The second bonding
layer 240 can be regarded as a common electrode. With
reference to FIG. 1B, the second bonding layers 240 are
connected to upper surfaces 120US and lateral surfaces
120SS of the first electrodes 120 of the micro light emitting
diodes 100. In comparison with the micro LED display panel
in conventional art where the common electrode is only
bonded on upper surfaces of electrodes, the second bonding
layer 240 can have a larger contact area with the first
electrode 120 in the display panel 200 of the present
embodiment to provide more preferable ohmic contact and
current conduction. The insulation layer 230 is located on
gaps G between the micro light emitting diodes 100, and a
material of the insulation layer 230 may be a thermal curing
insulation material or a photo curing insulation material. In
the present embodiment, the material of the insulation layer
230 is, for example, a photo resist. In particular, it should be
noted that the insulation layer 230 herein is disposed
between first semiconductor layers 112 of any adjacent two
of the micro light emitting diodes 100 and exposes the first
electrode 120 to form a smooth curved surface, which can
facilitate subsequent manufacturing process of the second
bonding layer 240 for improved process yield. Here, the
second bonding layers 240 are respectively connected to all
the micro light emitting diodes 100 in each of the pixels P.
In other embodiments not illustrated, the second bonding
layer 240 may also be entirely connected to all the micro
light emitting diodes 100 in all the pixels, but the invention
is not limited thereto. The display panel 200 further includes
a plurality of connection electrodes CE, electrically con-
nected to a driving unit (not illustrated) in the backpanel
210. Each of the connection electrodes CE extends along a
direction D2. Each of the second bonding layers 240 extends
along a direction D1. Each of the connection electrodes CE
is connected to the second bonding layer 240. In the present
embodiment, the display panel 200 controls whether the
micro light emitting diode 100 in each sub-pixel SP emits
light by the driving unit (not illustrated) in the backpanel
210, so as to control an image displayed by the pixels P.
Enough teaching, suggestion, and implementation illustra-
tion for operations and implementations of the display panel
200 may be obtained with reference to common knowledge
in the related art, which is not repeated hereinafter.

In the present embodiment, the backpanel 210 is imple-
mented by a thin film transistor (TFT) substrate. In other
embodiments, the backpanel 210 may be a semiconductor
substrate, a submount, a CMOS (Complementary Metal-
Oxide-Semiconductor) circuit substrate, a LCOS (Liquid
Crystal on Silicon) substrate or other substrates having the
driving unit, which are not particularly limited by the
invention.
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With reference to FIG. 1B, in the present embodiment, the
micro light emitting diode 100 is implemented by a vertical
type LED. Each of the micro light emitting diodes 100
includes an epitaxial stack layer 110, said first electrode 120
and a second electrode 130. The epitaxial stack layer 110
includes said first semiconductor layer 112, a light emitting
layer 114 and a second semiconductor layer 116. In the
present embodiment, the first semiconductor layer 112 is a
P-type semiconductor layer for providing electron holes, and
a material thereof includes II-VI group materials (e.g.,
p-ZnSe) or ITI-V group materials (e.g., p-AlGaAs, p-GaAsP,
p-AlGalnP, p-AlGaP, p-InGaN, p-AIN, p-InN, p-AlGaN,
p-AllnGaN, p-GaN or p-GaP), but the invention is not
limited thereto. The second semiconductor layer 116 is an
N-type semiconductor layer for providing electrons, and a
material thereof includes II-VI group materials (e.g.,
n-ZnSe) or [1I-V group materials (e.g., n-AlGaAs, n-GaAsP,
n-AlGalnP, n-AlGaP, n-InGaN, n-AIN, n-InN, n-AlGaN,
n-AllnGaN, n-GaN or n-GaAs), but the invention is not
limited thereto. In other embodiments, the first semiconduc-
tor layer 112 may also be the N-type semiconductor layer for
providing electrons, and the second semiconductor layer 116
may also be the P-type semiconductor layer for providing
electron holes. In another embodiment, the first semicon-
ductor layer 112 and the second semiconductor layer 116
may also be semiconductor layers for other usages rather
than being limited only to be the semiconductor layers for
providing carriers. In other words, the first semiconductor
layer 112 may also be a purposely non-doped semiconductor
layer, and the second semiconductor layer 116 may also be
a purposely non-doped semiconductor layer. The invention
is not limited by the usages of the first semiconductor layer
112 and the second semiconductor layer 116. The light
emitting layer 114 is located between the first semiconductor
layer 112 and the second semiconductor layer 116, and the
light emitting layer 114 is, for example, a MQW (Multiple
Quantum Well) structure constituted by multiple InGaN
layers and multiple GaN layers (InGaN/GaN) alternately
stacked over one another. The first electrode 120 and the
second electrode 130 are respectively located at two sides of
the epitaxial stack layer 110. The first electrode 120 is
disposed on the first semiconductor layer 112, and a lower
surface 120DS of the first electrode 120 is in contact with an
upper surface 112US of the first semiconductor layer 112 of
the epitaxial stack layer 110. The second semiconductor
layer 116 is disposed on the second electrode 130, and an
upper surface 130US of the second electrode 130 is in
contact with a lower surface 116DS of the second semicon-
ductor layer 116 of the epitaxial stack layer 110. Each of the
first electrode 120 and the second electrode 130 is electri-
cally connected to the epitaxial stack layer 110. The lower
surface 120DS of the first electrode 120 substantially coin-
cides with the upper surface 112US of the first semiconduc-
tor layer 112. The upper surface 130US of the second
electrode 130 substantially coincides with the lower surface
116DS of the second semiconductor layer 116. Specifically,
an area and a shape and the lower surface 120DS of the first
electrode 120 are substantially identical to an area and a
shape of the upper surface 112US of the first semiconductor
layer 112 respectively. An area of the upper surface 130US
of the second electrode 130 is substantially identical to an
area of the lower surface 116DS of the second semiconduc-
tor layer 116. Further, a ratio of the area of the lower surface
120DS of the first electrode 120 to the area of the upper
surface 112US of the first semiconductor layer 112 ranges
from 0.95 to 1.05. A ratio of the area of the upper surface
130US of the second electrode 130 to the area of the lower
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surface 116DS of the second semiconductor layer 116 ranges
from 0.95 to 1.05. In other words, within the above area ratio
ranges, the areas of aforementioned surfaces can be regarded
as identical to one another.

As described above, in the micro light emitting diode 100
of the present embodiment, the two surfaces 120DS and
112US where the first electrode 120 is in contact with the
first semiconductor layer 112 substantially coincide with
each other, and the two surfaces 130US and 116US where
the second electrode 130 is in contact with the second
semiconductor layer 116 substantially coincide with each
other. Accordingly, the micro light emitting diode 100 of the
present embodiment can rapidly transfer heat to the outside
so as to provide favorable cooling effect and favorable
electrical characteristic. Also, with said coincident design,
the micro light emitting diodes 100 can be bonded to the
backpanel 210 of the display panel 200 more stably, such
that the manufacturing process can be simpler. Because the
display panel 200 of the present embodiment has aforemen-
tioned micro light emitting diodes 100, the display panel 200
of the present embodiment can also provide favorable cool-
ing effect and favorable electrical characteristic as well as
favorable manufacturing process.

In the present embodiment, the lateral surface 112SS of
the first semiconductor layer 112 is coplanar with the lateral
surface 120SS of the first electrode 120, namely, there is no
inclined angle between the lateral surface 112SS of the first
semiconductor layer 112 and the lateral surface 120SS of the
first electrode 120. An inclined angle 9 is provided between
a lateral surface 116SS of the second semiconductor layer
116 and the upper surface 130US of the second electrode
130. The lateral surface 130SS of the second electrode 130
is approximately perpendicular to the upper surface 130US
of the second electrode 130. More preferably. the inclined
angle 9 is an acute angle and the inclined angle ranges from
45° to 85°. Specifically, a sectional shape of the epitaxial
stack layer 110 is a trapezoid. Specifically, the sectional
shape of the epitaxial stack layer 110 is a positive trapezoid.
The acute angle of the trapezoid is located adjacent to the
backpanel 210 to facilitate the subsequent manufacturing
process on the micro light emitting diode 100 (e.g., a
bonding process for the micro light emitting diode 100 and
the second bonding layer 240), and thus a more preferable
production yield rate can be achieved.

In the present embodiment, a thickness 110¢ of the epi-
taxial stack layer 110 ranges from 2 pm to 6 pm, but the
invention is not limited thereto. A maximum width W of the
epitaxial stack layer 110 ranges from 1 pm to 50 pm, but the
invention is not limited thereto. If a ratio of the thickness
110¢ of the epitaxial stack layer 110 to the maximum width
W of the epitaxial stack layer 110 ranges from 0.1 to 1.5, the
micro light emitting diode 100 is less likely to break when
the structure of the micro light emitting diode 100 undergoes
a high-temperature and high-pressure manufacturing pro-
cess (e.g., when the micro light emitting diode 100 is to be
bonded to the first bonding layer 220), such that more
preferable production yield rate can be achieved.

On the other hand, a thickness 1207 of the first electrode
120 ranges, for example, from 1000 A (angstrom) to 10000
A. In comparison with the conventional micro light emitting
diode, because the micro light emitting diode 100 is pro-
vided with the design of thicker electrodes, a more prefer-
able photoelectric characteristic can be achieved. Also, a
more preferable manufacturing allowance can be provided
in the subsequent manufacturing process of the common
electrode (i.e. the second bonding layer 240) on the first
electrode 120. The thickness 120¢ of the first electrode 120
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is greater than a thickness 112¢ of the first semiconductor
layer 112. More preferably, a ratio of the thickness 120¢ of
the first electrode 120 to the thickness 112¢ of the first
semiconductor layer 112 ranges from greater than 1 to less
than or equal to 10. Because the thickness 120z of the first
electrode 120 is thicker than the thickness 1127 of the first
semiconductor layer 112 in the micro light emitting diode
100 of the present embodiment to facilitate the subsequent
manufacturing process of the second bonding layer 240,
more preferable production yield rate and current conduc-
tion efficiency can be achieved. In addition, in the present
embodiment, a material of the first electrode 120 includes a
transparent or semi-transparent material such as Indium Tin
Oxide (ITO), a conductive polymer compound and gra-
phene, but the invention is not limited to the above. A
material of the second electrode 130 includes a metal
material such as Pt, Ni, Ti, Au, Cr, an alloy of the above and
a combination of the above, but the invention is not limited
thereto. Because the first electrode 120 includes the trans-
parent or semi-transparent material which has high trans-
mittance, a light beam L emitted by the micro light emitting
diode 100 is less likely absorbed by the first electrode 120
but can penetrate the first electrode 120 to the outside.
Specifically, a light transmittance of the material of the first
electrode 120 ranges, for example, from greater than or
equal to 80% to less than or equal to 100%, but the invention
is not limited thereto.

Here, it should be noted that the following embodiments
continue to use certain content in the previous embodiment
and description for the same technical contents is omitted.
Description regarding same element name can refer to the
certain content in the foregoing embodiment, which is not
repeated in the following embodiments.

FIG. 2 is a partial cross-sectional view of a display panel
according to another embodiment of the invention. With
reference to FIG. 2, a display panel 200" of the present
embodiment is substantially identical to the display panel
200 in FIG. 1A and FIG. 1B, a major difference between the
two is described as follows. In the present embodiment, the
display panel 200" further includes a plurality of reflective
elements 250. A material of the reflective element 250
includes a metal material or other materials with reflecting
capability, which are not particularly limited by the inven-
tion. One micro light emitting diode 100 is located between
any adjacent two of the reflective elements 250. These micro
light emitting diodes 100 and these reflective elements 250
are, for example, commonly disposed on a surface 210S of
the backpanel 210. A height Hy, of the reflective element 250
is a height between a surface of the reflective element 250
farthest away from the backpanel 210 and the surface 2108
of the backpanel 210. A height H, of the light emitting layer
114 is a height between the light-emitting layer 114 and the
surface 210S of the backpanel 210. The height Hy of the
reflective element 230 is higher than the height H of the
light emitting layer 114 of the epitaxial stack layer 110.
Therefore, when the micro light emitting diode 100 is driven
to emit light, light beams L1, as the majority of the light
beam L emitted by the micro light emitting diode 100, are
transferred along a forward direction D3. As another part of
the light beam L, light beams [.2 are transferred along two
directions at left and right sides of the micro light emitting
diode 100. Next, the light beams L2 are substantially
emerged along the forward direction D3 after being reflected
by the reflective element 250. In this way, the display panel
200" of the present embodiment can further improve a frame
brightness of the display panel 200" with the configuration of
the reflective elements 250. It should be noted that, the
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reflective elements 250 may also be manufactured by inte-
grating with the backpanel 210.

FIG. 3 is a partial cross-sectional view of a display panel
according to yet another embodiment of the invention. With
reference to FIG. 3, a display panel 200" of the present
embodiment is substantially identical to the display panel
200 in FIG. 1A and FIG. 1B, a major difference between the
two is described as follows. The first bonding layer 220 of
FIG. 1B is a non-continuous structure. A first bonding layer
220" is a continuous structure, and the micro light emitting
diodes 100 are electrically connected to the first bonding
layer 220'. In other embodiments not illustrated, the first
bonding layer 220' is, for example, a continuous structure
having a plurality of concave portions and a plurality of
convex portions. The micro light emitting diodes 100 are, for
example, respectively disposed at the concave portions of
the first bonding layer 220'. The convex portion can be
higher than the height of the light emitting layer 114 of the
micro light emitting diode 100 so the convex portion can
reflect the light beam L emitted by the micro light emitting
diode 100 to increase the light emission in the forward
direction, but the invention is not limited thereto.

In summary, in the micro light emitting diode according
to the embodiments of the invention, the lower surface of the
first electrode substantially coincides with the upper surface
of the first semiconductor layer, and the upper surface of the
second electrode substantially coincides with the lower
surface of the second semiconductor layer. With said coin-
cident design, the micro light emitting diode according to the
embodiments can rapidly transfer heat to the outside so as to
provide favorable cooling effect and favorable electrical
characteristic. Also, with said coincident design, the micro
light emitting diodes can be bonded to the backpanel of the
display panel more stably, such that the manufacturing
process can be simpler. Because the display panel according
to the embodiments has aforementioned micro light emitting
diodes, the display panel of the display panel can also
provide favorable cooling effect and favorable electrical
characteristic as well as favorable manufacturing process.
Furthermore, in the micro light emitting diode, the thickness
of the first electrode is greater than the thickness of the first
semiconductor layer. Moreover, the sectional shape of the
epitaxial stack layer is designed as the trapezoid to facilitate
the subsequent manufacturing process of the second bonding
layer.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A micro light emitting diode, comprising:

an epitaxial stack layer, wherein a maximum width of the
epitaxial stack layer ranges from 1 pm to 50 pm;

a first electrode having a lower surface, the lower surface
being in contact with an upper surface of a first semi-
conductor layer of the epitaxial stack layer, and the
lower surface of the first electrode substantially coin-
ciding with the upper surface of the first semiconductor
layer; and

a second electrode having an upper surface, the upper
surface being in contact with a lower surface of a
second semiconductor layer of the epitaxial stack layer,
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and the upper surface of the second electrode substan-
tially coinciding with the lower surface of the semi-
conductor layer.

2. The micro light emitting diode according to claim 1,
wherein an inclined angle is provided between a lateral
surface of the second semiconductor layer and the upper
surface of the second electrode, and the inclined angle
ranges from 45° to 85°.

3. The micro light emitting diode according to claim 1,
wherein a lateral surface of the first semiconductor layer is
coplanar with a lateral surface of the first electrode.

4. The micro light emitting diode according to claim 1,
wherein the first semiconductor layer is a P-type semicon-
ductor layer, and the second semiconductor layer is an
N-type semiconductor layer.

5. The micro light emitting diode according to claim 1,
wherein a thickness of the first electrode is greater than a
thickness of the first semiconductor layer.

6. The micro light emitting diode according to claim 5,
wherein a ratio of a thickness of the first electrode to a
thickness of the first semiconductor layer ranges from
greater than 1 to less than or equal to 10.

7. The micro light emitting diode according to claim 1,
wherein a material of the first electrode comprises a trans-
parent or semi-transparent conductive material, and a mate-
rial of the second electrode comprises a metal material.

8. The micro light emitting diode according to claim 1,
wherein a sectional shape of the epitaxial stack layer is a
trapezoid.

9. The micro light emitting diode according to claim 1,
wherein a thickness of the epitaxial stack layer ranges from
2 nm to 6 nm.

10. The micro light emitting diode according to claim 1,
wherein a ratio of a thickness of the epitaxial stack layer to
a maximum width of the epitaxial stack layer ranges from
0.1to 1.5,

11. A display panel, comprising:

a backpanel;

a first bonding layer, disposed on the backpanel and

electrically connected to the backpanel,

a plurality of micro light emitting diodes, disposed on the
first bonding layer, the micro light emitting diodes
being electrically connected to the first bonding layer,
wherein each of the micro light emitting diodes com-
prises:

an epitaxial stack layer, wherein a maximum width of the
epitaxial stack layer ranges from 1 pm to 50 pm;

a first electrode having a lower surface, the lower surface
being in contact with an upper surface of a first semi-
conductor layer of the epitaxial stack layer, and the
lower surface of the first electrode substantially coin-
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ciding with an upper surface of a first semiconductor
layer of the epitaxial stack layer; and

a second electrode having an upper surface, the upper

surface being in contact with a lower surface of a
second semiconductor layer of the epitaxial stack layer,
and the upper surface of the second electrode substan-
tially coinciding with the lower surface of the second
semiconductor layer of the epitaxial stack layer; and

a second bonding layer, electrically connected to the

micro light emitting diodes, the micro light emitting
diodes being located between the first bonding layer
and the second bonding layer.

12. The display panel according to claim 11, further
comprising an insulation layer, wherein the insulation layer
is disposed between any adjacent two of the micro light
emitting diodes.

13. The display panel according to claim 11, wherein an
inclined angle is provided between a lateral surface of the
second semiconductor layer and the upper surface of the
second electrode, and the inclined angle ranges from 45° to
85°.

14. The display panel according to claim 11, wherein a
lateral surface of the first semiconductor layer is coplanar
with a lateral surface of the first electrode.

15. The display panel according to claim 11, wherein the
first semiconductor layer is a P-type semiconductor layer,
and the second semiconductor layer is an N-type semicon-
ductor layer.

16. The display panel according to claim 11, wherein a
thickness of the first electrode is greater than a thickness of
the first semiconductor layer.

17. The display panel according to claim 16, wherein a
ratio of a thickness of the first electrode to a thickness of the
first semiconductor layer ranges from greater than 1 to less
than or equal to 10.

18. The display panel according to claim 11, wherein the
second bonding layer is connected to upper surfaces and the
lateral surfaces of the first electrodes of the micro light
emitting diodes.

19. The display panel according to claim 11, wherein a
sectional shape of the epitaxial stack layer is a trapezoid.

20. The display panel according to claim 11, wherein the
backpanel further comprises a plurality of pixels, wherein
each of the pixels comprises at least three sub-pixels,
wherein at least one of the micro light emitting diodes is
located with the sub-pixel.

21. The display panel according to claim 11, further
comprising a plurality of reflective elements, wherein each
of the micro light emitting diodes is located between any
adjacent two of the reflective elements.

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

EHA

IPCH XS
CPCHRF
R 54X
Hfth 237 STk
EIN-E 22

E()

RH-—EFENEHBE |, E—BRANE_BRMOBLED, F—BRH ®

patsnap

WEXZRENE RER

US10224365 AFF(AE)A 2019-03-05
US15/587212 HiE A 2017-05-04
FZOIRE R B ERA A

PLAYNITRIDE INC.
PLAYNITRIDE INC.

WU CHIH LING
LAI YU HUNG
SU YI MIN

LO YU YUN
LIN TZU YANG

WU, CHIH-LING
LAI, YU-HUNG
SU, YI-MIN

LO, YU-YUN
LIN, TZU-YANG

HO1L27/15 HO1L33/60 HO1L33/38 HO1L33/40
HO1L27/156 HO1L33/60 HO1L33/40 HO1L33/38 HO1L25/0753

106110086 2017-03-27 TW
US20180277591A1

Espacenet

R [t {u 0
g 0 fo{m L
P3 1008 116 Y] ]

TRESHNEBENE —LSARN LREEM, E-SRNLRES

NEBRNE-HSHEN TREEMN, S-SR TRARK LSS f

—¥SHBEHNRAES. S HRN I RAEA LSS Y SHEY ' 9 ‘

TRAEA. ki, FRESRER. R T T
Sms e ms | S |

u
| J \ / /
| e/ [ ® s, )



https://share-analytics.zhihuiya.com/view/1ebbbce3-fb08-4a89-b9b8-d68372fa30b2
https://worldwide.espacenet.com/patent/search/family/062639902/publication/US10224365B2?q=US10224365B2

