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MICRO LIGHT EMITTING DIODE AND
DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 106121884, filed on Jun. 30, 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 light emitting diode and
a display panel; particularly, the invention relates to a micro
light emitting diode (micro LED, uLED) and a display panel
having the pLED.

Description of Related Art

[0003] The pLED is characterized by self-luminescent
display. Compared to the organic light emitting diode
(OLED), which is also self-luminous, the ulLED has higher
efficiency, longer life, and is made of a rather stable material
that is not easily affected by the environment. Therefore, the
PULED is expected to surpass the OLED and become the
mainstream display in the future.

[0004] However, because of the small size of the pLED,
the uLED may encounter a number of technical issues
during the bonding process. For instance, the puLED is
smaller than the normal light emitting diode, the distance
between two electrodes of the ULED is shorter. In the
bonding process, the bonding pads on the substrate and the
electrodes on the LLED need to be slightly heated, and the
ULED is required to be pressed down toward the bonding
pad to complete the bonding process. However, after the
electrodes are heated and pressed, the heated and pressed
electrode (120 or 130) is likely to extend, the adjacent
electrodes are more likely to be in electrically connect with
each other. The product yield of the pLED display panel
thereby decreases. Besides, such a uULED display panel may
encounter the issue of defect pixels, which results in the poor
image quality of the display panels.

SUMMARY OF THE INVENTION

[0005] The invention provides a micro LED that increases
the bonding yield of a display panel using the uLED and
allows the display panel using the pLED to have good
manufacturing yield and favorable image quality.

[0006] The invention provides a display panel having
good manufacturing yield and favorable image quality.
[0007] An embodiment of the invention provides a pLED
including an epitaxial layer, an insulation layer, a first
electrode, and a second electrode. The epitaxial layer has a
first-type semiconductor layer, a light emitting layer, and a
second-type semiconductor layer. The light emitting layer is
disposed between the first-type semiconductor layer and the
second-type semiconductor layer. The insulation layer is
located on a surface of the epitaxial layer and has a first
through hole to expose the first-type semiconductor and a
second through hole to expose the second-type semiconduc-
tor. The first electrode is electrically connected to the
first-type semiconductor layer and is contacted with the
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first-type semiconductor layer through the first through hole.
The first electrode has a plurality of first-electrode flat
portions with different horizontal heights relative to the
epitaxial layer respectively. The second electrode is electri-
cally connected to the second-type semiconductor layer and
is contacted with the second-type semiconductor layer
through the second through hole. The second electrode has
a plurality of second-electrode flat portions with different
horizontal heights relative to the epitaxial layer respectively.
The number of the first-electrode flat portions is more than
the number of the plurality of second-electrode flat portions.
[0008] An embodiment of the invention provides a display
panel including a backplane and a plurality of the above-
mentioned pLEDs. The backplane has a plurality of sub-
pixels. Each of the pL.LEDs is located in one of the sub-pixels.
The uLEDs are electrically connected to the backplane.
[0009] In an embodiment of the invention, the first elec-
trode and the second electrode are located at the same side
of the epitaxial layer.

[0010] In an embodiment of the invention, the first elec-
trode further includes a plurality of first-electrode inclined
portions. Two ends of each first-electrode inclined portion
are respectively connected to two of the first-electrode flat
portions. The second electrode further includes at least one
second-electrode inclined portions. Two ends of the second-
electrode inclined portion are respectively connected to two
of the second-electrode flat portions.

[0011] In an embodiment of the invention, the epitaxial
layer further includes a contact hole. The contact hole
penetrates the second-type semiconductor layer and the light
emitting layer and exposes the first-type semiconductor
layer. The insulation layer extends into the contact hole and
covers a surface of the light emitting layer and the second-
type semiconductor layer.

[0012] In an embodiment of the invention, the first
through hole is located in the contact hole.

[0013] In an embodiment of the invention, the first
through hole of the insulation layer is located in the contact
hole, and a distance from one side of the first through hole
to the contact hole is not equal to a distance from the other
side of the first through hole to the contact hole.

[0014] In an embodiment of the invention, a sum of a
width of the contact hole and a width of the first through hole
is equal to or greater than half of a width of the first
electrode.

[0015] In an embodiment of the invention, a length of the
epitaxial layer falls within a range from 3 pm to 100 um.
[0016] In an embodiment of the invention, the display
panel further includes a plurality of first-electrode bonding
pads and a plurality of second-electrode bonding pads. The
first-electrode bonding pads and the second-electrode bond-
ing pads are disposed on the backplane. One of the first-
electrode bonding pads and one of the second-electrode
bonding pads are disposed in one sub-pixel region. The first
electrode is electrically connected to the backplane through
the first-electrode bonding pad, and the second electrode is
electrically connected to the backplane through the second-
electrode bonding pad.

[0017] In an embodiment of the invention, a gap between
the first electrode and the second electrode is smaller than a
gap between the first-electrode bonding pad and the second-
electrode bonding pad.

[0018] Based on the above, because the electrodes of the
uLED provided in the embodiments of the invention include
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the flat portions having different horizontal heights relative
to the epitaxial layer, bent structure may thereby be formed
in the electrodes. When the pLEDs are bonded to the
backplane of the display panel, the design of the bent
structure in the electrodes in the pLED provided in the
embodiments of the invention may further disperse the
bonding pressure and avoid the epitaxial layer from being
cracked by the bonding pressure. So that the display panel
described in the embodiments of the invention may have
good manufacturing yield and better image quality.

[0019] To make the aforementioned and other features and
advantages of the invention more comprehensible, several
embodiments accompanied with drawings are described in
detail as follows.

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.1Ais a schematic partial top view of a display
panel according to an embodiment of the invention.

[0022] FIG. 1B is a schematic enlarged view of the region
A in FIG. 1A.
[0023] FIG. 2A is a schematic cross-sectional view along

a sectional line I-I' in FIG. 1A.

[0024] FIG. 2B is a schematic enlarged view of a pLED
bonded to the backplane.

[0025] FIG. 2C is a schematic enlarged view of the first
electrode, the second electrode, the insulation layer. and the
epitaxial layer in FIG. 2B.

[0026] FIG. 3 is a schematic enlarged view of a uLED
bonded to a backplane according to another embodiment of
the invention.

DESCRIPTION OF THE EMBODIMENTS

[0027] 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.

[0028] Please refer to FIG. 1A, FIG. 1B, and FIG. 2A
which illustrate an embodiment of the invention. In this
embodiment, a display panel 200 is a micro LED (uLED)
display. The display panel 200 includes a backplane 210 and
a plurality of micro light emitting diodes (WLEDs) 100. The
backplane 210 has a plurality of sub-pixels SP, and the
PLEDs 100 are located in the sub-pixels SP. With reference
to FIG. 1A, in this embodiment, three sub-pixels SP1, SP2,
and SP3 form a display pixel P. A red pLED 100R is
disposed in the sub-pixel SP1, a blue uLED 100B is dis-
posed in the sub-pixel SP2, and a green pLED 100G is
disposed in the sub-pixel SP3, in other words, the uLEDs
100 includes the red uLEDs 100R, the blue uLEDs 100B and
the green WLEDs 100G in this embodiment, but the inven-
tion is not limited thereto. The nLEDs 100 are electrically
connected to the backplane 210. In detail, in this embodi-
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ment, the backplane 210 controls the brightness of the
ULEDs 100 in each of the sub-pixels SP through a driving
unit (not illustrated) in the backplane 210. The teachings,
suggestions, and descriptions of a method for operating and
implementing the display panel 200 can be derived from
common knowledge of the related art and thus are not
repeated herein.

[0029] The micro device (i.e. micro LED, upLED)
described in the embodiments of the invention refers an
electronic device having a size of 1 pm to 100 um. In some
embodiments, the maximum width of the micro device is 20
um, 10 um or 5 um. In some embodiments, the maximum
height of the micro device is smaller than 20 pm, 10 um or
5 um, the invention is not limited thereto. Some embodi-
ments of the present invention may apply to a larger scale or
a smaller scale. Although some embodiments of the inven-
tion specifically describe the pLED including a p-n junction
diode, it should be noted that the invention is not limited
thereto. In some embodiments of the present invention may
apply to other micro semiconductor device such as a diode,
a transistor, an integrated circuit or other micro semicon-
ductor devices having photoelectric effect (such as Light-
emitting diode (LED), laser diode (LD) or photo diode
(PD).) Some embodiments of the invention may apply to a
micro chip including circuits, for example, a logic chip or a
memory chip using Si wafer or SOI (silicon on insulator)
wafer as its materials or a microchip applying to RF (Radio
Frequency) communication using GaAs wafer as its mate-
rials.

[0030] In this embodiment, the backplane 210 is a thin
film transistor (TFT) substrate. In other embodiments, the
backplane 210 may be a semiconductor substrate, a sub-
mount, a complementary metal-oxide-semiconductor
(CMOS) circuit board, a liquid crystal on silicon (LCOS)
substrate, or a substrate of other types, but the invention is
not limited thereto.

[0031] Referring to FIG. 2A to FIG. 2C, in this embodi-
ment, the pLED 100 includes an epitaxial layer 110, an
insulation layer 140 located on the epitaxial layer 110, a first
electrode 120, and a second electrode 130. The epitaxial
layer 110 includes a first-type semiconductor layer 112, a
second-type semiconductor layer 114, and a light emitting
layer 116 located between the first-type semiconductor layer
112 and the second-type semiconductor layer 114. The
length W of the epitaxial layer 110 falls within a range from
3 um to 100 um. To be more specific, the length W refers the
maxium side length of a surface of the first-type semicon-
ductor layer 112. The insulation layer 140 is located on a
surface S of the epitaxial layer 110, and the surface S is a
surface of the second-type semiconductor layer 114 facing
the backplane 210 for example. The insulation layer 140 has
a first through hole H1 and a second through hole H2. In
detail, the insulation layer 140 is located on the second-type
semiconductor layer 114. The first electrode 120 is disposed
on the insulation layer 140 and is electrically connected to
the first-type semiconductor layer 112 of the epitaxial layer
110 through the first through hole H1. The second electrode
130 is disposed on the insulation layer 140 and is electrically
connected to the second-type semiconductor layer 114 of the
epitaxial layer 110 through the second through hole H2.
Referring to FIG. 2C, in this embodiment, the first electrode
120 has a plurality of first-electrode flat portions 122, and
top surfaces of the first-electrode flat portions 122 respec-
tively have different horizontal heights a, b, and ¢ relative to
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the surface S (the surface of the second-type semiconductor
layer 114 facing the backplane 210 according to this
embodiment) of the epitaxial layer 110. The second elec-
trode 130 has a plurality of second-electrode flat portions
132, and top surfaces of the second-electrode flat portions
132 respectively have different horizontal heights d and e
relative to the surface S (the surface of the second-type
semiconductor layer 114 facing the backplane 210 according
to this embodiment) of the epitaxial layer 110.

[0032] The first electrode 120 further includes a plurality
of first-electrode inclined portions 124. Each of the first-
electrode inclined portions 124 is connected to two of the
first-electrode flat portions 122. More specifically, the first
electrode 120 has two first-electrode inclined portions 124
and three first-electrode flat portions 122 in this embodi-
ment. The three first-electrode flat portions 122 respectively
have different horizontal heights relative to the epitaxial
layer 110 in cross-section view. The second electrode 130
further includes at least one second-electrode inclined por-
tion 134. Two ends of the second-electrode inclined portion
134 are respectively connected to two of the second-elec-
trode flat portions 132. The two second-electrode flat por-
tions 132 respectively have different horizontal heights
relative to the epitaxial layer 110 in cross-section view. More
specifically, the second electrode 130 has two first-electrode
inclined portions 124 and three first-electrode flat portions
122 in this embodiment. In this embodiment, the electrodes
(the first electrode 120 and the second electrode 130) have
the design of bent structure because of the flat portions (the
first-electrode flat portions 122 and the second-electrode flat
portions 132) and the inclined portions (the first-electrode
inclined portions 124 and the second-electrode inclined
portions 134), for example, but the invention is not limited
thereto. Furthermore, the number of the first-electrode flat
portions 122 is greater than the number of the second-
electrode flat portions 132, and the number of the first-
electrode inclined portions 124 is greater than the number of
the second-electrode inclined portions 134. An inclination
angle 6 of the inclined portions falls within a range larger
than 30 degrees and smaller than 90 degrees.

[0033] In view of the above, the electrodes of the pLED
100 respectively include the flat portions (i.e., the first-
electrode flat portions 122 and the second-electrode flat
portions 132) having different horizontal heights relative to
the epitaxial layer 110, bent structure would be formed in the
electrodes 120 and 130, and the pLED 100 provided in this
embodiment is thus distinguished from the conventional
PLED. As a result, when the pLEDs 100 are bonded to the
backplane 210 of the display panel 200, the electrodes 120,
130 are heated and pressed to electrically connect the pLEDs
100 and the backplane 210, the electrode deformation will
be improved to prevent short between adjacent electrodes.
Moreover, owing to the design of the bent patterns in the
electrodes 120 and 130, the bonding pressure may be further
dispersed, so as to prevent cracks of the epitaxial layer 110
resulting from the bonding pressure. As such, the possibility
of generating cracks and short circuits may be significantly
decreased when the pLEDs 100 are bonded to the backplane
210 of the display panel 200, and the display panel 200
provided in this embodiment may have good manufacturing
vield and good image quality.

[0034] Referring to FIG. 1A, FIG. 1B, FIG. 2A, and FIG.
2B, in this embodiment, the display panel 200 further
includes a plurality of first-electrode bonding pads 220 and
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a plurality of second-electrode bonding pads 230, and the
ULEDs 100 are bonded to the backplane 210 in a flip-chip
manner. Specifically, the pLEDs 100 are bonded to the
first-electrode bonding pads 220 through the first electrodes
120, and the pLLEDs 100 are bonded to the second-electrode
bonding pads 230 through the second electrodes 130. More
specifically, in this embodiment, the first-electrode bonding
pads 220 serve as parts of a common electrode circuit (not
illustrated), and the second-electrode bonding pads 230 act
as a driving electrode circuit (not illustrated) in the back-
plane 210 to receive a driving signal. Referring to FIG. 1B
and FIG. 2B, a gap G1 between the first electrode 120 and
the second electrode 130 of the uLEDs 100 is smaller than
a gap G2 between the first-electrode bonding pad 220 and
the second-electrode bonding pad 230 on the backplane 210.
In addition, in this embodiment, an overlapping area
between the first electrode 120 and the first-electrode bond-
ing pads 220 is larger than 50% of an area of the first
electrode 120, and an overlapping area between the second
electrode 130 and the second-electrode bonding pads 230 is
also larger than 50% of an area of the second electrode 130.
In other words, as shown in the cross-sectional view of FIG.
2A, a width of the first electrode 120 is Wel, and a width of
the second electrode 130 is We2. A width L1 of an over-
lapping area of the projection of the first-electrode bonding
pads 220 and the first electrode 120 on the backplane 210 is
larger than £*Wel, and a width 1.2 of an overlapping area
of the projection of the second-electrode bonding pads 230
and the second electrode 130 on the backplane 210 is larger
than Y2*We2. The process yield and the bonding stability of
the display panel 200 provided in this embodiment may be
effectively enhanced due to the above design.

[0035] Referring to FIG. 2A and FIG. 2B, it should be
further mentioned that the first-electrode bonding pads 220
include a contact layer 221 and a conductive layer 222. The
contact layer 221 is in contact with the first electrode 120 of
the uLEDs 100 and is located between the first electrode 120
and the conductive layer 222. The contact layer 221 is
configured to be bonded to the first electrode 120 and forms
an ohmic contact. The conductive layer 222 transmits cur-
rent. The second-electrode bonding pads 230 also include a
contact layer 231 and a conductive layer 232. The contact
layer 231 is in contact with the second electrode 130 of the
uULEDs 100 and is located between the second electrode 130
and the conductive layer 232. The contact layer 231 is
configured to be bonded to the second electrode 130 and
forms an ohmic contact. The conductive layer 232 transmits
current. In this embodiment, through the structure of the
composite layer, the first-electrode bonding pads 220 and the
second-electrode bonding pads 230 may be bonded the
uULEDs 100 to the display panel 200 firmly and current can
be well transmitted to the pLEDs 100. In this embodiment,
the contact layers 221 and 231 are often made of an alloy
material, such that the contact layers 221 and 231 may have
favorable mechanical properties and antioxidant capacity.
The conductive layers 222 and 232 are often made of a
material with low impedance.

[0036] Referring to FIG. 1B and FIG. 2B to FIG. 2C, to be
more specific, the epitaxial layer 110 of the pLED 100 has
a contact hole CH1. The first through hole H1 is located in
the contact hole CH1. The first through hole H1 of the
insulation layer 140 is not located in the middle of the
contact hole CH1, for example, the left side of the contact
hole CH1. In other words, a distance from one side of the
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first through hole H1 to the contact hole CH1 is not equal to
a distance from the other side of the first through hole H1 to
the contact hole CHI. In other embodiments not illustrated
in the drawings, the first through hole H1 is located in the
middle of the contact hole CH1. The contact hole CH1
penetrates the second-type semiconductor layer 114 and the
light emitting layer 116 and exposes the first-type semicon-
ductor layer 112. The insulation layer 140 extends into the
contact hole CH1 and covers the second-type semiconductor
layer 114, the light emitting layer 116, and a portion of the
first-type semiconductor layer 112. The first through hole H1
and the second through hole H2 respectively penetrate the
insulation layer 140 and respectively expose the first-type
semiconductor layer 112 and the second-type semiconductor
layer 114. The first electrode 120 is in contact with the
first-type semiconductor layer 112 through the contact hole
CH1 and the first through hole H1, and the second electrode
130 is in contact with the second-type semiconductor layer
114 through the second through hole H2. The material of the
insulation layer 140 is an inorganic insulation material or an
organic insulation material, for example. In this embodi-
ment, the material of the insulation layer 140 is silicon
nitride and silicon dioxide, for example. The first-type
semiconductor layer 112 is an n-type semiconductor layer
made of n-type gallium nitride (n-GaN), for example. The
first electrode 120 is an n-type electrode. The second-type
semiconductor layer 114 is a p-type semiconductor layer
made of p-type gallium nitride (p-GaN), for example. The
second electrode 130 is a p-type electrode. The light emit-
ting layer 116 has a multiple quantum well (MQW) struc-
ture, for example. The MQW structure includes a plurality
of quantum wells and a plurality of quantum barriers dis-
posed alternately and repeatedly. The material of the light
emitting layer 116 includes multiple layers of indium gal-
lium nitride (InGaN) and multiple layers of gallium nitride
(GaN) stacked alternately, for example. By designing the
proportions of indium and gallium in the light emitting layer
116, the light emitting layer 116 may emit lights with
different ranges of wavelengths. It should be noted that the
material of the light emitting layer 116 mentioned above are
merely exemplary, and the material of the light emitting
layer 116 provided in this embodiment of the invention is not
limited to the combination of InGaN and GaN.

[0037] Moreover, in this embodiment, because the first
electrode 120 is connected to the first-type semiconductor
layer 112 through the second-type semiconductor layer 114
and the light emitting layer 116, the number of inclined
portions (first-electrode inclined portions 124) of the first
electrode 120 is greater than the number of inclined portions
(second-electrode inclined portions 134) of the second elec-
trode 130. In other words, two first-electrode inclined por-
tions 124 are formed in the first electrode 120. As such, the
first electrode 120 may have better bonding yield due to well
alignment and smaller step height.

[0038] Referring to FIG. 2A to FIG. 2C, in this embodi-
ment, an overlap width Wel and an overlap width We2 are
approximately the same. Therefore, in this embodiment,
when the pLLEDs 100 are bonded to the backplane 210 of the
display panel 200, the pressure on the epitaxial layer 110 is
balanced, so that the possibility of generating cracks of the
epitaxial layer 110 may be significantly decreased.

[0039] In this embodiment, the first through hole H1 and
the second through hole H2 of the insulation layer 140 have
similar sizes. Referring to FIG. 2C, a ratio (D1/D2) of a
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width D1 of the cross-section of the first through hole H1 to
a width D2 of the cross-section of the second through hole
H2 falls within a range of 1+0.2. The through holes H1 and
H2 having similar sizes may allow a contact area of the first
electrode 120 and the first-type semiconductor layer 112 to
be close to a contact area of the second electrode 130 and the
second-type semiconductor layer 114. The display panel 200
provided in this embodiment may have stabilize current
density to the pLLEDs 100 through the first electrode 120 and
the second electrode 130, and show good image quality
through the above design.

[0040] Moreover, in this embodiment, a sum of the width
(or the diameter) D1 of the first through hole H1 and a width
(or the diameter) D3 of the contact hole CH1 is equal or
larger than half of the width Wel of the first electrode 120.
Said design of the uLLEDs 100 provided in this embodiment
may lead to the improved transfer and bonding yield. In
detail, the width D1 of the first through hole H1 of the
insulation layer 140 falls within a range from 6 pm to 10 pm,
for example, and the width D3 of the contact hole CH1 falls
within a range from 10 pm to 20 pum, for example. The width
Wel of the first electrode 120 falls within a range from 22
pm to 30 pm, for example.

[0041] Please refer to FIG. 3 which illustrates a display
panel 200" according to another embodiment of the inven-
tion. This embodiment is different from the embodiments
illustrated in FIG. 1A, FIG. 1B, and FIG. 2A to FIG. 2C
because a contact layer 221' of the first-electrode bonding
pads 220" on the backplane 210 covers a side surface of a
conductive layer 222', and a contact layer 231" of the
second-electrode bonding pads 230' covers a side surface of
a conductive layer 232'. In the display panel 200" provided
in this embodiment, the design of the contact layers 221' and
231" covering the conductive layers 222' and 232" may
protect the conductive layers 222" and 232', and improve the
reliability of the electric current transmission.

[0042] Besides, in the display panel 200' provided in this
embodiment, an insulation layer 140" not only covers the
surface of the epitaxial layer 110 facing the backplane 210
but also extends to be formed on a side surface of the
epitaxial layer 110. The insulation layer 140' may provide a
better protection to the epitaxial layer 110 through the above
design. The other components are generally the same as
those provided in the first embodiment, and therefore the
descriptions thereof are not repeated herein.

[0043] To sum up, the electrodes of the uLEDs of the
display panel include the flat portions having different
horizontal heights relative to the epitaxial layer, and thus
bent structure may be formed in the electrodes through the
above design. When the pLEDs are bonded to the backplane,
the pressed and heated electrodes are less likely to extend
toward the two sides of the electrodes. Moreover, through
the design of the bent patterns in the electrodes, the phLED
provided in the embodiments of the invention may further
disperse the bonding pressure and avoid the epitaxial layer
from being cracked by the bonding pressure. The defects
quantity of puLED cracks and short circuits may be signifi-
cantly decreased because the pLEDs have the electrode
design of the bent structure, and thus the display panel
provided in the embodiments of the invention has good
manufacturing yield and good image quality.

[0044] The display panel in the embodiments of the inven-
tion may include other device such as a memory, a touch
sensor and a battery, and the invention is not limited thereto.
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In other embodiments, the display panel may be a television,
a tablet, a phone, a laptop computer, a monitor, an indepen-
dent terminal server, a digital camera, a handheld game
console, a media display, an E-paper display, a car display or
an electronic bulletin board with large area.

[0045] Furthermore, since the size of the conventional
LED is millimeter level, the size of the pLED in the
embodiments of the invention is micron level, the micro
LED display has advantages such as high resolution, low
power consumption for display, energy saving, simple
mechanism and thin thickness.

[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 this invention. In view of the foregoing, it is
intended that the invention covers modifications and varia-
tions provided that they fall within the scope of the follow-
ing claims and their equivalents.

What is claimed is:

1. A micro light emitting diode comprising:

an epitaxial layer having a first-type semiconductor layer,
a light emitting layer, and a second-type semiconductor
layer, wherein the light emitting layer is disposed
between the first-type semiconductor layer and the
second-type semiconductor layer;

an insulation layer located on a surface of the epitaxial
layer and having a first through hole to expose the
first-type semiconductor and a second through hole to
expose the second-type semiconductor,

a first electrode electrically connected to the first-type
semiconductor layer and contacted with the first-type
semiconductor layer through the first through hole,
wherein the first electrode has a plurality of first-
electrode flat portions with different horizontal heights
relative to the epitaxial layer respectively; and

a second electrode electrically connected to the second-
type semiconductor layer and contacted with the sec-
ond-type semiconductor layer through the second
through hole, wherein the second electrode has a plu-
rality of second-electrode flat portions with different
horizontal heights relative to the epitaxial layer respec-
tively, and the number of the first-electrode flat portions
is more than the number of the plurality of second-
electrode flat portions.

2. The micro light emitting diode according to claim 1,
wherein the first electrode and the second electrode are
located at the same side of the epitaxial layer.

3. The micro light emitting diode according to claim 1,
wherein the first electrode further comprises a plurality of
first-electrode inclined portions, two ends of each first-
electrode inclined portion are respectively connected to two
of the first-electrode flat portions, the second electrode
further comprises at least one second-electrode inclined
portion, and two ends of the second-electrode inclined
portion are respectively connected to two of the second-
electrode flat portions.

4. The micro light emitting diode according to claim 1,
wherein the epitaxial layer further comprises a contact hole,
the contact hole penetrates the second-type semiconductor
layer and the light emitting layer and exposes the first-type
semiconductor layer, and the insulation layer extends into
the contact hole and covers a surface of the light emitting
layer and the second-type semiconductor layer.
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5. The micro light emitting diode according to claim 4,
wherein the first through hole of the insulation layer is
located in the contact hole.

6. The micro light emitting diode according to claim 4,
wherein the first through hole of the insulation layer is
located in the contact hole, and a distance from one side of
the first through hole to the contact hole is not equal to a
distance from the other side of the of the first through hole
to the contact hole.

7. The micro light emitting diode according to claim 5,
wherein a sum of a width of the contact hole and a width of
the first through hole is equal to or greater than half of a
width of the first electrode.

8. The micro light emitting diode according to claim 1,
wherein a length of the epitaxial layer falls within a range
from 3 pm to 100 um.

9. A display panel comprising:

a backplane having a plurality of sub-pixels; and

a plurality of micro light emitting diodes, wherein each of

the micro light emitting diodes is located in one of the

sub-pixels, and each of the micro light emitting diodes
comprises:

an epitaxial layer having a first-type semiconductor
layer, a light emitting layer, and a second-type semi-
conductor layer, wherein the light emitting layer is
located between the first-type semiconductor layer
and the second-type semiconductor layer;

an insulation layer disposed on a surface of the epi-
taxial layer and having a first through hole to expose
the first-type semiconductor and a second through
hole to expose the second-type semiconductor;

a first electrode electrically connected to the first-type
semiconductor layer and contacted with the first-type
semiconductor layer through the first through hole,
wherein the first electrode has a plurality of first-
electrode flat portions with different horizontal
heights relative to the epitaxial layer respectively;
and

a second electrode electrically connected to the second-
type semiconductor layer and contacted with the
second-type semiconductor layer through the second
through hole, wherein the second electrode has a
plurality of second-electrode flat portions with dif-
ferent horizontal heights relative to the epitaxial
layer respectively, and the number of the first-elec-
trode flat portions is more than the number of the
plurality of second-electrode flat portions,

wherein the plurality of micro light emitting diodes is

electrically connected to the backplane.

10. The display panel according to claim 9, wherein the
first electrode and the second electrode are located at the
same side of the epitaxial layer.

11. The display panel according to claim 9, wherein the
first electrode further comprises a plurality of first-electrode
inclined portions, two ends of each first-electrode inclined
portions are respectively connected to two of the first-
electrode flat portions, the second electrode further com-
prises at least one second-electrode inclined portion, and
two ends of the second-electrode inclined portion are respec-
tively connected to two of the second-electrode flat portions.

12. The display panel according to claim 9, wherein the
epitaxial layer further comprises a contact hole, the contact
hole penetrates the second-type semiconductor layer and the
light emitting layer and exposes the first-type semiconductor
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layer, and the insulation layer extends into the contact hole
and covers a surface of the light emitting layer and the
second-type semiconductor layer.

13. The display panel according to claim 12, wherein the
first through hole is located in the contact hole.

14. The display panel according to claim 12, wherein the
first through hole of the insulation layer is located in the
contact hole, and a distance from one side of the first through
hole to the contact hole is not equal to a distance from the
other side of the first through hole to the contact hole.

15. The display panel according to claim 12, wherein a
sum of a width of the contact hole and a width of the first
through hole is equal to or greater than half of a width of the
first electrode.

16. The display panel according to claim 9, wherein a
length of the epitaxial layer falls within a range from 3 pm
to 100 pm.
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17. The display panel according to claim 9, further
comptrising:

a plurality of first-electrode bonding pads disposed on the

backplane; and

a plurality of second-electrode bonding pads disposed on

the backplane, wherein the of first-electrode bonding
pad and the second-electrode bonding pad are disposed
in the sub-pixels,

the first electrode is electrically connected to the back-

plane through the first-electrode bonding pad, and the
second electrode is electrically connected to the back-
plane through the second-electrode bonding pad.

18. The display panel according to claim 17, wherein a
gap between the first electrode and the second electrode is
smaller than a gap between the first-electrode bonding pad
and the second-electrode bonding pads.

* ok %k



THMBW(EF)

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

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X
SNEREESE

BEGF)

RH-—FHEX-RE  QENEE  £5F , F-BRMNE BN,
BERUTHALEENREL K ARAFE-BANE-EL, F—BRE
BE-BABERINEEZNE -BXSEE  ARESIE-LRT
BE D, F—LRFERBS D HNEFENTALZETRNKFSE. £
—ERBIFCBARERIALERENFE - REXSHE  HEERS
MNEZBRPIERD, FoRRPERS 2N EFENTALEEZHRE

WEXZRENE RER

US20190006559A1

US16/019556

HONEROBERLA

PLAYNITRIDE INC.

PLAYNITRIDE INC.

LAI YU HUNG
LO YU YUN
LIN TZU YANG

LAl YU-HUNG
LO, YU-YUN
LIN, TZU-YANG

patsnap

Fr (N4 2019-01-03

RiEHR 2018-06-27

HO1L33/38 HO1L25/075 HO1L27/12 HO1L33/44 HO1L33/62 HO1L33/32 HO1L33/06

HO1L33/38 HO1L25/0753 HO1L27/1214 HO1L33/44 HO1L33/62 HO1L33/32 HO1L33/06 H01L2933/0016

106121884 2017-06-30 TW

Espacenet USPTO

KPEE, TR RER,

o L
fl0 / W
A AN W)
T I e 7
20



https://share-analytics.zhihuiya.com/view/c1438908-e53f-472d-b096-e33d884b4bf2
https://worldwide.espacenet.com/patent/search/family/064452825/publication/US2019006559A1?q=US2019006559A1
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=%2220190006559%22.PGNR.&OS=DN/20190006559&RS=DN/20190006559

