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LIGHT EMITTING DIODE AND FABRICATION METHOD THEREOF, ARRAY
SUBSTRATE AND DISPLAY PANEL

TECHNICAL FIELD

[0001] This disclosure relates to a display technology, more particularly, to a light

emitting diode and a fabrication method thereof, an array substrate, and a display panel.

BACKGROUND

[0002] As compared to other display apparatuses such as liquid crystal display (LCD)
apparatuses, the organic light emitting diode (OLED) display apparatuses are self-emitting
apparatuses that do not require a backlight. Having the advantages of fast response, a wider
viewing angle, high brightness, more vivid color rendering, and being thinner and lighter, the

OLED display apparatuses have found a wide range of applications in display field.

BRIEF SUMMARY

[0003] The present disclosure is related to a light emitting diode. The light emitting
diode may include a reflective electrode layer with a transmission hole. A second transparent
electrode layer is formed to cover or fill the transmission hole. Light from the pixel region of
the light emitting diode can pass through the transmission hole and transmit through the
second transparent electrode layer to reach the photosensitive sensor. The photosensitive

sensor can sense intensity of the light emitted from each pixel region in real time.

[0004] Accordingly, one example of the present disclosure is a light emitting diode.
The light emitting diode may include a first transparent electrode layer, a light emitting layer
on the first transparent electrode layer, a reflective electrode layer on a surface of the light
emitting layer opposite from the first transparent electrode layer, the reflective electrode layer
comprising a transmission hole and a second transparent electrode layer covering and/or
filling the transmission hole. The transmission hole may be configured to transmit light
emitted from the light emitting layer to transmit through the second transparent electrode

layer.
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[0005] Another example of the present disclosure is an array substrate. The array
substrate may include the light emitting diode according to one embodiment of the present

disclosure and a thin film transistor (TFT) to drive the light emitting diode.

[0006] Another example of the present disclosure is a display panel. The display panel

may include the light emitting diode according to one embodiment of the present disclosure.

[0007] Another example of the present disclosure is a method of fabricating a light
emitting diode. The method of fabricating the light emitting diode may include forming a first
transparent electrode layer, forming a light emitting layer on the first transparent electrode
layer, forming a reflective electrode layer on the light emitting layer, forming a transmission
hole in the reflective electrode layer, and forming a second transparent electrode layer to
cover and/or fill the transmission hole. The transmission hole is configured to transmit light
emitted from the light emitting layer to transmit through the second transparent electrode

layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other objects, features, and advantages of the invention are apparent from the following

detailed description taken in conjunction with the accompanying drawings in which:

[0009] Fig. 1 is a diagram illustrating a structure of a light emitting diode according to

some embodiments of the present invention.

[0010] Fig. 2 is a diagram illustrating a structure of a light emitting diode according to

some embodiments of the present invention.

[0011] Fig. 3 is a diagram illustrating a structure of a light emitting diode according to

some embodiments of the present invention.

[0012] Fig. 4 is a diagram illustrating relative position of the transmission hole in each
of a plurality of pixel regions of a light emitting diode according to some embodiments of the

present invention.
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[0013] Fig. 5 is a diagram illustrating a structure of a light emitting diode according to

some embodiments of the present invention.

[0014] Fig. 6 is a diagram illustrating relative positions of the transmission hole in
each of a plurality of pixel regions of a light emitting diode according to some embodiments

of the present invention.

[0015] Fig. 7 is a diagram illustrating a structure of a light emitting diode according to

some embodiments of the present invention.

[0016] Fig. 8 is a diagram illustrating a structure of a light emitting diode according to

some embodiments of the present invention.

[0017] Fig. 9 is a diagram illustrating a structure of a photosensitive sensor according

to some embodiments of the present invention.

[0018] Fig. 10 is a flow chart of a fabrication method of a light emitting diode

according to some embodiments of the present invention.

DETAILED DESCRIPTION

[0019] The present disclosure will be described in further detail with reference to the
accompanying drawings and embodiments in order to provide a better understanding by those
skilled in the art of the technical solutions of the present disclosure. Throughout the
description of the disclosure, reference is made to Figs. 1-10. When referring to the figures,

like structures and elements shown throughout are indicated with like reference numerals.

[0020] Electronic compensating structures and methods are often employed in a large
size Organic Light Emitting Diode (OLED) panel. However, these structures and methods can
only compensate abnormal display due to characters of thin film transistors (TFT) in the

OLED, but not abnormal display due to aging of materials of the emitting layers in the OLED.

[0021] Accordingly, Fig.1 shows a schematic structure of a light emitting diode
according to some embodiments of the present invention. In some embodiments, as shown in
Fig.1, the light emitting diode 10 includes a first transparent electrode layer 200, a light

emitting layer 500 formed on the first transparent electrode layer 200, a reflective electrode
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layer 300 formed on a surface of the light emitting layer 500 opposite from the first
transparent electrode layer 200. The reflective electrode layer includes a transmission hole
600. The light emitting diode 10 further includes a second transparent electrode layer 400 to
cover and/or fill the transmission hole 600. The transmission hole 600 is configured to
transmit light emitted from the light emitting layer 500 to transmit through the second
transparent electrode layer 400.That is to say, light emitted from the light emitting layer 500
passes through the transmission hole 600, then reaches the second transparent electrode layer

400, and then transmits through the second transparent electrode layer 400.

[0022] In some embodiments, as shown in dotted circle in Fig.1, the transmission hole
600 is formed in the reflective electrode layer 300. In some embodiments, the transmission
hole 600 partially penetrates the reflective electrode layer 300. In some embodiments, the

transmission hole 600 completely penetrates through the reflective electrode layer 300.

[0023] In some embodiments, the light emitting diode may include other layers (not
shown in the drawings) such as an electron transport layer (ETL) and electron injection layer
(EIL) between the reflective electrode layer 300 and the light emitting layer 500; and an hole
transport layer (HTL) and a hole injection layer (HIL) between the first transparent electrode
layer 200 and the light emitting layer 500. In some embodiments, the transmission hole 600
penetrates through the reflective electrode layer 300 and is in physical contact with the light
emitting layer 500. In some embodiments, the transmission hole 600 penetrates through the

reflective electrode layer 300 and is in physical contact with the closest layer such as EIL.

[0024] In some embodiments, as shown in Fig.4, each pixel region has one
transmission hole 600. In some embodiments, at least one of the pixel regions has a plurality
of transmission holes 600. In some embodiments, some pixel regions each have one

transmission hole, and some pixel regions each have a plurality of transmission holes.

[0025] One function of the transmission hole is to transmit the light emitted from the
light emitting layer 500 to the second transparent electrode layer 400. There is no limitation
with regard to the extent or depth that the transmission hole penetrating into the reflective
electrode layer 300. A depth of the transmission hole may be 50%, 65%, 75%, 85%, 90%,
99%, or 100% of a thickness of the reflective electrode layer. For example, the transmission

hole 600 may 100% penetrate through the reflective electrode layer 300. In some
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embodiments, the transmission hole 600 may penetrate the reflective electrode layer 300 to a
depth of about 99%, 90%-98% , 85%-89%. 715%-84% , 65%-14% , or 50%-64% of a
thickness of the reflective electrode layer from a surface thereof facing the light emitting layer
or opposite from the light emitting layer. If the transmission hole does not penetrate through
the reflective electrode layer 300, the transmission hole can have an opening in a surface of
the reflective electrode layer facing the light emitting layer or opposite from the light emitting
layer. All the transmission holes in the plurality of pixel regions each may have a same or
different depth inside the reflective electrode layer 300. In some embodiments, as shown in
the Fig. 6, the transmission hole 600 includes a plurality of sub-holes 601 penetrating the
reflective electrode layer 300. In some embodiments, the sub-holes 601 partially penetrate the
reflective electrode layer 300. In some embodiments, the sub-holes 601 completely penetrate

through the reflective electrode layer 300.

[0026] In some embodiments, as shown in Fig.6, the reflective electrode layer 300
may include a plurality of sub-holes 601, and at least one of the pixel regions has the plurality
of sub-holes 601. In some embodiments, some pixel regions each have one transmission hole
600, and some pixel regions each have the plurality of sub-holes 601. In some embodiments,
each of the pixel regions has the plurality of sub-holes 601. In some embodiments, some pixel
regions each have one transmission hole 600, some pixel regions each have the plurality of

sub-holes 601, and some pixel regions each have a plurality of transmission holes 600.

[0027] One function of the transmission hole 600 and the sub-holes 601 is to transmit
the light emitted from the light emitting layer 500 to the second transparent electrode layer
400. There is no limitation with regard to the extent that the sub-holes penetrate the reflective
electrode layer. For example, the sub-holes 601 may 100% penetrate through the reflective
electrode layer 300. In some embodiments, a depth of the sub-hole may be about 50%, 65%,
75%, 85%, 0%, 95%, 98%, or 100% of a thickness of the reflective electrode layer. All the

sub-holes each may have a same or different depth inside the reflective electrode layer.

[0028] In some embodiments, the transmission hole may be a groove formed on the
surface of the reflective electrode layer 300 facing the light emitting layer or opposite from
the light emitting layer. In other words, the groove does not penetrate through the reflective
electrode layer 300, and there is a distance from the bottom of the groove to an opposite

surface of the reflective electrode layer 300.The opposite surface of the reflective electrode
5



10

15

20

25

30

WO 2020/087435 PCT/CN2018/113393

layer 300 is the surface opposite to the surface of the reflective electrode layer 300 where the
groove is formed on. The distance must be small enough to realize the function of the
transmission hole. In some embodiments, the groove penetrates through the reflective

electrode layer 300.

[0029] In some embodiments, as shown in dotted circle in Fig.1, the second
transparent electrode layer 400 is filled inside the transmission hole 600 and further extends
outside the transmission hole 600 to cover at least a portion of the reflective electrode layer
300. In some embodiments, the second transparent electrode layer 400 is a continuous layer
except the transmission hole 600, and the second transparent electrode layer 400 is conformal
with the reflective electrode layer 300. In some embodiments, the portion of the second
transparent electrode layer 400 inside the transmission hole 600 contacts the side surface of
the reflective electrode layer 300. In some embodiments, the second transparent electrode
layer 400 is only inside the transmission hole 600 and contacts the side surface of the
reflective electrode layer 300. In some embodiments, the light emitting diode further includes
a transparent conductive material inside the transmission hole and the second transparent
electrode layer 400 contacts the transparent conductive material. For example, the transparent
conductive material may completely fill the transmission hole 600. In some embodiments the
transparent conductive material may fill the transmission hole 600 to a height of 99%, 90%-
98%, 85%-89%, 15%-84%, 65%-T4%, or 50%-64% of a depth of the transmission hole 600.
When the transparent conductive material fill in the transmission hole, the second transparent

electrode layer 400 may be formed on the transparent conductive material.

[0030] In some embodiments, as shown in Fig.1, the light emitting diode further
includes a pixel definition layer 103 to define a plurality of pixel regions and a plurality of
inter-pixel regions between adjacent pixel regions respectively. As shown in Fig.4, each
rectangle stands for a pixel region, and each of the plurality of pixel regions has one
transmission hole. In some embodiments, at least one of the plurality of pixel regions has the
transmission hole. In some embodiments, an area of the transmission hole in a pixel region is
about 0.5%-10%, or about 1%-9%, or about 2% to 8%, or about 3% to 7%, or about 4% to 6%,
or about 5% of an area of the corresponding pixel region. The area of the transmission hole in

each of the plurality of the pixel regions may be the same or different. The area of the
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transmission hole refers to an area of a cross-section of the transmission hole in a plane

parallel to a surface of the reflective electrode layer.

[0031] In some embodiments, as shown in Fig.4, a relative position of the
transmission hole in each of plurality of pixel regions is substantially the same. The
transmission hole can be located in any position of the pixel region, and there is no limitation
with regard to the position of the transmission hole because the area of the transmission hole
is so small compared with the area of the pixel region. In some embodiments, the relative

position of the transmission hole in each of plurality of pixel regions is the same.

[0032] In some embodiments, as shown in Fig.4, each pixel region has the
transmission hole, that is to say, the reflective electrode layer has a plurality of the

transmission holes and each transmission hole is located at one pixel region.

[0033] The location or relative position of the transmission hole in each of the pixel
regions has no special requirement because each transmission hole occupies a very small area
of each pixel region. In some embodiments, as shown in Fig.4, the relative position of the
transmission hole 600 in each of plurality of pixel regions is the same. That is, all the
transmission holes in the plurality of pixel regions are arranged along a straight line in a first
direction or a second direction. In some embodiments, the relative position of the
transmission hole 600 in each of plurality of pixel regions is substantially the same. That is,
the centers of all the transmission holes in the plurality of pixel regions are arranged
substantially along a straight line in a first direction or a second direction. “Substantially”
used herein means that the straight line passes through at least a part of each of the

transmission holes.

[0034] In some embodiments, the first direction is a row direction, and the second
direction is a column direction. In some embodiments, the pixel regions are arranged in an
array along with the first direction and the second direction as shown in Fig.4. Each pixel
region has a transmission hole, and the relative position of each transmission hole located in

the corresponding pixel region is the same or substantially the same.

[0035] In some embodiments, as shown in Fig.1, the light emitting diode includes a
photosensitive sensor 700 and the photosensitive sensor 700 is configured to sense changes of

intensity of light transmitted from the transmission hole 600 in the reflective electrode layer
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300. Because of the existence of the transmission hole, light emitted from the light emitting
layer 500 passes through the transmission hole 600 and then transmits through the second
transparent electrode layer 400 to reach the photosensitive sensor 700. The dimension or size
of transmission hole is related to photosensitive ability of the photosensitive sensor and/or
detection accuracy requirement. There is no limitation with regard to the shape of the
transmission hole, for example, a cross section of the transmission hole in a plane

perpendicular the reflective electrode layer may be a rectangle or a trapezoid.

[0036] In some embodiments, as shown in Fig.1, the photosensitive sensor 700 is
formed on a side of the second transparent electrode layer 400 opposite from the first
transparent electrode layer 200. An orthographic projection of the photosensitive sensor on
the first transparent electrode layer 200 at least partially overlaps an orthographic projection
of the transmission hole 600 on the first transparent electrode layer 200. In some
embodiments, as shown in Fig.l, the light emitting diode further includes a planarization layer
102 on a side of the second transparent electrode layer 400 opposite from the reflective
electrode layer300.The photosensitive sensor 700 is formed on a surface of the planarization
layer 102 opposite from the second transparent electrode layer 400. In some embodiments,
the photosensitive sensor 700 is formed on a groove formed on the planarization layer 102as
shown in Fig.l. In some embodiments, the orthographic projection of the photosensitive
sensor on the first transparent electrode layer 200 completely overlaps the orthographic

projection of the transmission hole 600 on the first transparent electrode layer200.

[0037] The positional relationship between the photosensitive sensor and the
transmission hole is not limited as long as the photosensitive sensor can sense changes of
intensity of light transmitted from the transmission hole. In some embodiments, the
orthographic projection of the photosensitive sensor on the first transparent electrode layer
200 does not overlap the orthographic projection of the transmission hole 600 on the first
transparent electrode layer200. In some embodiments, as shown in Fig.7, the photosensitive
sensor may be located at a side of the planarization layer facing the reflective electrode
layer300, or any position between the planarization layer102 and the reflective electrode
layer300.The light emitting diode further includes a light reflective element 800.The light
reflective element 800 may be a layer, a pattern, or particles having a function of reflecting
light into the photosensitive sensor. The light reflective element 800 is configured to reflect

8
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light into the photosensitive sensor 700. In some embodiments, as shown in Fig.7, an
orthographic projection of the light reflective element 800 on the first transparent electrode
layer 200 at least partially overlaps an orthographic projection of the transmission hole 600 on
the first transparent electrode layer 200. In some embodiments, the orthographic projection of
the light reflective element 800 on the first transparent electrode layer 200 completely
overlaps an orthographic projection of the transmission hole 600 on the first transparent

electrode layer 200.

[0038] Some embodiments of the present invention provide a compensating device for
a light emitting diode such as a bottom light emitting diode. The reflective electrode layer in
the bottom light emitting diode includes a transmission hole. The bottom light emitting diode
may further include a second transparent electrode layer to cover or fill the transmission hole.
Light from the pixel region of the bottom light emitting diode can pass through the
transmission hole and transmit through the second transparent electrode layer to reach the
photosensitive sensor. The photosensitive sensor can sense intensity of the light emitted from
each pixel region in real time. After signals based on the changes of the light intensity are
collected, intensity of the emitting light of each pixel can be detected or determined. If the
light intensity is low or the signals changed, light of the bottom light emitting diode can be
compensated based on the detected signals. Accordingly, optical compensation in real time
can be realized based on change of signals and/or light intensity. This is a direct way to
compensate light of the light emitting diode compared to electronic compensation. The
compensating device can realize compensation of change of light intensity due to material

ageing of the light emitting layer in real time.

[0039] Another example of the present disclosure provides an array substrate. The
array substrate includes the light emitting diode of any one of the above embodiments. In
some embodiments, the array substrate further includes a TFT to drive the light emitting
diode. In some embodiments, as shown in Figs.1-3 and 7, the TFT includes a gate electrode
203, a source electrode 201 and a drain electrode 202, a gate insulating layer 204, and an
active layer 205. The array substrate may further includes function layers such as a shielding
layer 108, a buffer layer 107,an inter-layer dielectric layer 106, a resin layer 104, a

passivation layer 105, and a color filter layer 603. The drain electrode 202 is electrically
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coupled to the first transparent electrode layer 200. In some embodiments, the array substrate

may be an OLED array substrate.

[0040] In some embodiments, the first transparent electrode layer 200 may be an
anode layer, and the reflective electrode layer 300 may be a cathode layer. The anode layer is

electrically coupled to the drain electrode 202.

[0041] Another example of the present disclosure provides a display panel 20. The
display panel 20 includes the light emitting diode according to any one of the above
embodiments of the present disclosure. In some embodiments, the display panel 20 includes

the array substrate according to one embodiment of the present disclosure.

[0042] In some embodiments, the photosensitive sensor 700 is a part of the light

emitting diode 10 as shown in Fig.1 and Fig.7.

[0043] In some embodiments, the photosensitive sensor 700 can be located as a part of
the display panel 20. In some embodiments, as shown in Figs.2 and 3, the display panel 20
includes a first substrate 100, a second substrate 101, and a photosensitive sensor 700. The
photosensitive sensor 700 is configured to sense changes of intensity of light transmitted from
the transmission hole 600 in the reflective electrode layer 300.The first transparent electrode
layer 200, the light emitting layer 500, the reflective electrode layer 300 and the second
transparent electrode layer 400 are disposed between the first substrate 100 and the second
substrate 101. In some embodiments, as shown in Fig 2, the photosensitive sensor 700 is on a
side of the second substrate 101 opposite from the first substrate 100 and an orthographic
projection of the photosensitive sensor 700 on the first transparent electrode layer 200 at least
partially overlaps an orthographic projection of the transmission hole 600 on the first
transparent electrode layer 200. In some embodiments, as shown in Fig.2, the display panel
further includes a third substrate 302 on a side of the photosensitive sensor 700 opposite from
the second substrate101.The photosensitive sensor 700 is formed between the second
substrate 101 and the third substrate 302. In some embodiments, the orthographic projection
of the photosensitive sensor 700 on the first transparent electrode layer 200 completely
overlaps the orthographic projection of the transmission hole 600 on the first transparent

electrode layer 200. In the fabrication process, the photosensitive sensor may be formed on

10
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the third substrate 302. The third substrate and the photosensitive sensor are attached to the

light emitting diode to form the display panel or apparatus.

[0044] In some embodiments, as shown in Fig 3, the photosensitive sensor 700 is on a
side of the second substrate 101 opposite from the first substrate 100 and an orthographic
projection of the photosensitive sensor 700 on the first transparent electrode layer 200 at least
partially overlaps an orthographic projection of the transmission hole 600 on the first
transparent electrode layer200. In some embodiments, as shown in Fig.3, the light emitting
diode further includes a protection layer 301 on a side of the photosensitive sensor 700
opposite from the second substrate101 to cover the photosensitive sensor 700. The
photosensitive sensor 700 is formed between the second substrate 101 and the protection layer
301. In some embodiments, the orthographic projection of the photosensitive sensor 700 on
the first transparent electrode layer 200 completely overlaps the orthographic projection of the
transmission hole 600 on the first transparent electrode layer 200. In the fabrication process,
the photosensitive sensor may be formed on the light emitting diode, and then the protection
layer is formed to cover the photosensitive sensor, thereby forming the display panel or

apparatus.

[0045] The positional relationship between the photosensitive sensor and the
transmission hole is not limited as long as the photosensitive sensor can sense changes of
intensity of light transmitted from the transmission hole. In some embodiments, the
orthographic projection of the photosensitive sensor on the first transparent electrode layer
200 does not overlap the orthographic projection of the transmission hole 600 on the first
transparent electrode layer200. For example, as shown in Fig.8, the photosensitive sensor can
be at any position besides the position directly corresponding to the transmission hole. The
light emitting diode may further include a light reflective element 800.The light reflective
element 800 may be a layer, a pattern , or particles having a function of reflecting light into
the photosensitive sensor. The light reflective element 800 is configured to reflect light into
the photosensitive sensor 700. In some embodiments, as shown in Fig.8, an orthographic
projection of the light reflective element 800 on the first transparent electrode layer 200 at
least partially overlaps an orthographic projection of the transmission hole 600 on the first
transparent electrode layer 200. In some embodiments, the orthographic projection of the light
reflective element 800 on the first transparent electrode layer 200 completely overlaps an

11
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orthographic projection of the transmission hole 600 on the first transparent electrode
layer200. The photosensitive sensor 700 has a sensing surface facing the light reflective

element 800 to receive light.

[0046] In some embodiments, as shown in Fig 2, the display panel includes a detector
coupled to the photosensitive sensor 700 to detect signals from the photosensitive sensor 700.

The signals are based on changes of intensity of light of the light emitting layer.

[0047] In some embodiments, the display panel includes a circuit to compensate the

light emitting layer based on the signals detected by the detector.

[0048] Another example of the present disclosure provides a display apparatus. The
apparatus includes the above light emitting diode according to any one of the above
embodiments of the present disclosure .In some embodiments, the display apparatus includes
the array substrate according to one embodiment of the present disclosure. In some
embodiments, the display apparatus includes the display panel according to one embodiment
of the present disclosure. The display apparatus may be any product or component having a
display function, such as an electronic paper display, a mobile phone, a tablet computer, a TV

set, a display, a notebook computer, a digital photo frame, a navigation device, and so on.

[0049] Some embodiments of the invention disclose a compensating device for the
display apparatus, the display panel and the array substrate with the light emitting diode, such
as a bottom light emitting diode according to one embodiment of the present invention. The
reflective electrode layer in the bottom light emitting diode includes a transmission hole. A
second transparent electrode layer is formed to cover or fill the transmission hole. Light from
the pixel region of the bottom light emitting diode can pass through the transmission hole and
transmit through the second transparent electrode layer to reach the photosensitive sensor. The
photosensitive sensor can sense intensity of the light emitted from each pixel region in real
time. After signals based on the changes of the light intensity are collected, intensity of the
light emitted from each pixel can be detected or determined. If the light intensity is low or the
signals changed, light of the bottom light emitting diode can be compensated. Optical
compensation in real time can be realized based on change of signals and/or light intensity.

This is a direct way to compensate light of the light emitting diode compared to electronic
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compensation. The compensating device can realize compensation for material ageing of the
light emitting layer in real time.

[0050] Another example of the present disclosure provides a method for fabricating a
light emitting diode. As shown in Fig. 10, the fabrication method includes the following steps
102-110:

[0051] Step 102 includes forming a first transparent electrode layer;

[0052] Step 104 includes forming a light emitting layer on the first transparent

electrode layer;

[0053] Step 106 includes forming a reflective electrode layer on the light emitting
layer;

[0054] Step 108 includes forming a transmission hole in the reflective electrode layer;
and

[0055] Step 110 includes forming a second transparent electrode layer to cover or fill

the transmission hole.

[0056] The transmission hole is configured to transmit light emitted from the light

emitting layer to transmit through the second transparent electrode layer.

[0057] In some embodiments, the transmission hole in the reflective electrode layer
may be formed by a method including etching a via hole in the reflective electrode layer, such
as dry etch in a low temperature. In some embodiments, step 106 and step 108 can be
performed in one process, for example, by printing the reflective electrode layer with the

transmission hole on the light emitting layer.

[0058] In some embodiments, the transmission hole is formed in a cathode layer of a
bottom light emitting diode. The cathode layer is made of aluminum (Al) and has a thickness
about 150 nm. In some embodiments, step 106 includes forming an Al layer on the light
emitting layer and etching the Al layer to form a via hole penetrating the Al layer. In step 110,

an ITO layer is formed to cover and/or fill the via hole.

[0059] In some embodiments, step 108 includes forming the transmission hole

penetrating the reflective electrode layer.

13
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[0060] In some embodiments, step 108 includes forming a plurality of sub-holes

penetrating the reflective electrode layer to form the transmission hole.

[0061] In some embodiments, step 108 includes forming a groove on the reflective

electrode layer to form the transmission hole.

[0062] In some embodiments, as shown in Fig. 10, the fabrication method of the light

emitting diode further includes step 112:

[0063] Step 112 includes forming a photosensitive sensor on a side of the second
transparent electrode layer opposite from the first transparent electrode layer, wherein the
photosensitive sensor is configured to sense change of intensity of light transmitted from the

transmission hole.

[0064] Another example of the present disclosure provides a method to compensate
light of the light emitting diode in the display panel. The compensation method includes steps
200-206:

[0065] Step 200 includes sensing light transmitted through the transmission hole and

the second transparent electrode layer by a sensor;

[0066] Step 202 includes detecting signals from the sensor;

[0067] Step 204 includes calculating a compensated value based on the signals of the
sensor; and

[0068] Step 206 includes compensating the light of the light emitting diode based on

the compensated value.

[0069] In some embodiments, the compensation method may include adjusting the
pixel image by CCD (Charge Coupled Device) to make sure that light emitted from all
pixels conforms with a gamma curve. In some embodiments, the compensation method may
include adjusting the photosensitive sensor to make values of the sensor to correspond to gray
values from O to 255 and storing the values. Values of the sensor are based on the signals from
the sensor. An integrated circuit (IC) can be used to store the values. In some embodiments,
the compensation method may be performed during the turning on and/or off of the light
emitting diode. For example, during the turning on of the light emitting diode, a few fixed

gray values and/or few fixed display brightness values corresponding to the few fixed gray
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values are randomly selected. The sensor can detect the light and generate values of the sensor,
and then compare the generated values of the sensor with the stored values. Data signals
inputted into the light emitting diode can be adjusted according to the result of the comparison.
The gamma curve will shift due to aging of the OLED. If the result of the comparison reveals
the brightness is too strong, the brightness value can be reduced. The sensor then detects the
light of the light emitting diode again during displaying image and performs the comparison
again, then to compensate again accordingly. The whole compensation process can realize the

real-time adjustment to make sure the gamma curve shifting within an allowable range.

[0070] As shown in Fig.5, the light emitting diodes each are a bottom emitting type.
The photosensitive sensors 700 are formed on the third substrate 302. The third substrate 302
and the photosensitive sensors 700 are attached to an side of a second substrate opposite from
the light emitting layer. Each sub-pixel has a photosensitive sensor to sense the light. In some
embodiments, photosensitive sensors may be disposed at a certain interval. In one
embodiment every three sub-pixels have a photosensitive sensor. The photosensitive sensor
can be disposed above any of the three sub-pixels. The photosensitive sensor can detect light
from this sub-pixel and use the detected light as the representative of the pixel including the

three sub-pixels.

[0071] A structure of the photosensitive sensor is not limited. In some embodiments,
as shown in Fig. 9, the photosensitive senor includes a PIN junction and a TFT. The PIN
junction has a first end coupled to a power supply terminal VSS and a second end coupled to
a first electrode of the TFT. A second electrode of the TFT is coupled to a readline so as to

transmit a signal from the PIN junction to the readline for further processing.

[0072] The principle and the embodiment of the disclosure are set forth in the
specification. The description of the embodiments of the present disclosure is only used to
help understand the method of the present disclosure and the core idea thereof. Meanwhile,
for a person of ordinary skill in the art, the disclosure relates to the scope of the disclosure,
and the technical embodiment is not limited to the specific combination of the technical
features, and also should cover other technical embodiments which are formed by combining
the technical features or the equivalent features of the technical features without departing

from the inventive concept. For example, technical embodiments may be obtained by
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replacing the features described above as disclosed in this disclosure (but not limited to) with

similar features.
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CLAIMS

What is claimed is:

L. A light emitting diode, comprising:
a first transparent electrode layer;

a light emitting layer on the first transparent electrode layer;

a reflective electrode layer on a surface of the light emitting layer opposite from
the first transparent electrode layer, the reflective electrode layer comprising a transmission hole;
and

a second transparent electrode layer covering and/or filling the transmission hole;

wherein the transmission hole is configured to transmit light emitted from the

light emitting layer to transmit through the second transparent electrode layer.

2. The light emitting diode of claim 1, wherein the transmission hole
penetrates through the reflective electrode layer.

3. The light emitting diode of claim 1, wherein the transmission hole
comprises a plurality of sub-holes penetrating through the reflective electrode layer.

4. The light emitting diode of claim 1, wherein the transmission hole is
in a groove in the reflective electrode layer.

5. The light emitting diode of claim 1, wherein the second transparent
electrode layer is inside the transmission hole.

6. The light emitting diode of claim 1, further comprising a transparent
conductive material inside the transmission hole, wherein the second transparent electrode layer

covers the transparent conductive material and the transmission hole.

1. The light emitting diode of claim 1, wherein the second transparent
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electrode layer covers the transmission hole and further extends to cover at least a portion of the

reflective electrode layer.

8. The light emitting diode of any one of claims1-7, wherein an area of a
cross-section of the transmission hole in a plane parallel to a surface of a pixel region is about

0.5% to about 10% of an area of the pixel region.

9. The light emitting diode of claim 8, wherein a relative position of the
transmission hole in each of plurality of pixel regions is substantially the same.

10. The light emitting diode of any one of claims 1-9, further comprising a
photosensitive sensor configured to sense changes of intensity of light transmitted from the

transmission hole.

I1. The light emitting diode of claim 10, wherein the photosensitive
sensor is on a side of the second transparent electrode layer opposite from the first transparent

electrode layer and an orthographic projection of the photosensitive sensor on the first
transparent electrode layer at least partially overlaps an orthographic projection of the

transmission hole on the first transparent electrode layer.

12. An array substrate, comprising the light emitting diode of any one of
claims 1-11 and a thin film transistor to drive the light emitting diode.

13. A display panel, comprising the light emitting diode of any one of claims
1-9.

14. The display panel of claim 13, further comprising:
a photosensitive sensor configured to sense changes of intensity of light

transmitted from the transmission hole.

15. The display panel of claim 14, further comprising:
18
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a first substrate; and

a second substrate; wherein:

the first transparent electrode layer ,the light emitting layer , the reflective
electrode layer and the second transparent electrode layer are between the first substrate and the
second substrate;

the photosensitive sensor is on a side of the second substrate facing the first
substrate; and

an orthographic projection of the photosensitive sensor on the first transparent
electrode layer at least partially overlaps an orthographic projection of the transmission hole on

the first transparent electrode layer.

16. The display panel of claim 15, further comprising:
a third substrate or a protection layer on a side of the photosensitive sensor

opposite from the second substrate.

17. The display panel of any one of claims 13-16, further comprising:
a detector coupled to the photosensitive sensor to detect signals from the

photosensitive sensor, the signals being based on changes of intensity of light from the light

emitting layer.

18. The display panel of claim 17, further comprising an circuit configured to

compensate the light emitting layer based on the signals detected by the detector.

19. A method of fabricating a light emitting diode comprising :
forming a first transparent electrode layer;

forming a light emitting layer on the first transparent electrode layer;
forming a reflective electrode layer on the light emitting layer;

forming a transmission hole in the reflective electrode layer; and

19
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forming a second transparent electrode layer to cover and/or fill the transmission
hole;
wherein the transmission hole is configured to transmit light emitted from the

light emitting layer to transmit through the second transparent electrode layer.

20. The method of claim 19, further comprising:
forming a photosensitive sensor on a side of the second transparent electrode layer

opposite from the first transparent electrode layer, wherein the photosensitive sensor is

10  configured to sense changes of intensity of light transmitted from the transmission hole.
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