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(57) ABSTRACT

A display panel is disclosed, the display array including: a
substrate; a functional layer on the substrate having a
plurality of recesses, at least one of the recesses in a
sub-pixel region forming a well structure with a sidewall
formed of the functional layer and a bottom formed of the
substrate; and a plurality of micro light emitting diodes
(Micro LEDs) for emitting light, at least one of the Micro
LEDs within a corresponding recess; wherein the functional
layer is configured to prevent at least part of the light emitted
by one of the Micro LEDs and incident on the sidewall of the
corresponding recess from being subsequently emitted
through an adjacent sub-pixel region.
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Forming a functional layer having a plurality of recesses | ——5101
on a substrate, each recess at a position corresponding to
one of the sub-pixel regions;

v
Forming a micro light emitting diode (micro LED) in
each recess for emitting light; wherein the functional
layer is used to prevent at least a portion of the light

incident on the sidewall of the recess from emitting from

an adjacent sub-pixel region.
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DISPLAY PANEL, MANUFACTURING
METHOD AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority
from Chinese Patent Application No. 201810721037.1, filed
on Jun. 29, 2018, the entire contents of which are incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technologies, and in particular, to a display panel, a manu-
facturing method thereof, and a display device.

BACKGROUND

[0003] With the continuous advancement of display tech-
nologies, the demand for display devices is also increasing.
In recent years, self-luminous display, such as micro light
emitting diode (Micro LED) display, has been widely used
in various electronic devices, including electronic products
such as computers and mobile phones, for its properties of
self-illumination, low profile, low power consumption, high
contrast, high color gamut, and flexible display capability.

[0004] For a self-luminous display device, a self-illumi-
nating unit is separately provided in each sub-pixel, and the
self-illuminating unit is equivalent to a Lambertian light
source that has a wide beam angle. However, due to the large
angle of light emitted by the self-illuminating unit, the light
may easily enter, and subsequently emit from, adjacent or
other sub-pixels, thereby causing optical cross-talk, which
may adversely affect the quality of the display (e.g., blurred
picture, low color contrast, etc.).

SUMMARY

[0005] Embodiments of the present disclosure provide a
display panel, a manufacturing method thereof, and a dis-
play device.

[0006] According to a first aspect of the present disclo-
sure, there is provided a display panel, the display panel
including: a substrate; a functional layer on the substrate
having a plurality of recesses, at least one of the recesses in
a sub-pixel region forming a well structure with a sidewall
formed of the functional layer and a bottom formed of the
substrate; and a plurality of micro light emitting diodes
(Micro LEDs) for emitting light, at least one of the Micro
LEDs within a corresponding recess; wherein the functional
layer is configured to prevent at least part of the light emitted
by one of the Micro LEDs and incident on the sidewall of the
corresponding recess from being subsequently emitted
through an adjacent sub-pixel region.

[0007] The functional layer may include: a waveguide
layer and an upper dielectric layer sequentially disposed on
the substrate.

[0008] A refractive index of the waveguide layer may be
greater than refractive indices of the substrate and the upper
dielectric layer, and the refractive index of the substrate may
be greater than the refractive index of the upper dielectric
layer.

[0009] The display panel may further include a light
absorbing layer on a side of the substrate distal from the
functional layer.
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[0010] At least one of the Micro LEDs may be located in
a central region of the corresponding recess.

[0011] The functional layer may include: a transparent
dielectric layer and a reflective layer sequentially disposed
on the substrate.

[0012] The reflective layer may include a reflective sur-
face facing the substrate.

[0013] The reflective layer may include a non-reflective
surface facing away from the substrate.

[0014] The display panel may further include a light
absorbing layer on a side of the substrate distal from the
functional layer.

[0015] The functional layer may include a light absorbing
layer.
[0016] The recess may be a through hole in the functional
layer.
[0017] The display panel may further include an anti-glare

protective film on a side of the functional layer distal from
the substrate.

[0018] The anti-glare protective film and the functional
layer may be bonded by a sealing portion in a non-display
area.

[0019] According to a second aspect of the present dis-
closure, there is provided a display device including the
display panel.

[0020] According to a third aspect of the present disclo-
sure, there is provided a method of manufacturing a display
panel having a plurality of sub-pixel regions, the method
including: forming a functional layer having a plurality of
recesses on a substrate, at least one of the recesses at a
position corresponding to one of the sub-pixel regions; and
forming a micro light emitting diode (Micro LED) in at least
one of the recesses for emitting light; wherein the functional
layer is configured to prevent at least part of the light emitted
by the Micro LED and incident on a sidewall of the
corresponding recess from being subsequently emitted from
an adjacent sub-pixel region.

[0021] The Micro LED may be transfer-printed into the
recess.
[0022] Forming the functional layer may include: forming

an initial waveguide layer and an initial upper dielectric
layer on the substrate; and forming an array of recesses in
the initial waveguide layer and the initial upper dielectric
layer.

[0023] A refractive index of the initial waveguide layer
may be greater than refractive indices of the substrate and
the initial upper dielectric layer, and the refractive index of
the substrate may be greater than the refractive index of the
initial upper dielectric layer.

[0024] Forming the functional layer may include: forming
an initial transparent dielectric layer and an initial reflective
layer on the substrate; and forming an array of recesses in
the initial transparent dielectric layer and the initial reflec-
tive layer.

[0025] Forming the functional layer may include: forming
an initial light absorbing layer on the substrate; and forming
an array of recesses in the initial light absorbing layer.

BRIEF DESCRIPTION OF DRAWINGS

[0026] A more particular description of the embodiments
will be rendered by reference to specific embodiments
illustrated in the appended drawings. Given that these draw-
ings depict only some embodiments and are not therefore
considered to be limiting in scope, the embodiments will be
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described and explained with additional specificity and
details through the use of the accompanying drawings, in
which:

[0027] FIG. 1 is a schematic diagram of a display panel
according to an embodiment of the present disclosure;
[0028] FIG. 2 is a schematic diagram illustrating a part of
the display panel of FIG. 1,

[0029] FIG. 3 is a schematic diagram of another display
panel according to an embodiment of the present disclosure;
[0030] FIG. 4 is a schematic diagram of still another
display panel according to an embodiment of the present
disclosure;

[0031] FIG. 5 is a flowchart of manufacturing a display
panel according to an embodiment of the present disclosure;
[0032] FIG. 6a is a schematic diagram of a display panel
during a manufacturing process according to an embodiment
of the present disclosure;

[0033] FIG. 6b is a schematic diagram of a display panel
during a manufacturing process according to an embodiment
of the present disclosure;

[0034] FIG. 6c is a schematic diagram of a display panel
during a manufacturing process according to an embodiment
of the present disclosure;

[0035] FIG. 6d is a schematic diagram of a display panel
during a manufacturing process according to an embodiment
of the present disclosure; and

[0036] FIG. 6e is a schematic diagram of a display panel
during a manufacturing process according to an embodiment
of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0037] The disclosure will be described hereinafter with
reference to the accompanying drawings which illustrate
embodiments of the disclosure. The described embodiments
are only exemplary embodiments of the present disclosure,
but not all embodiments. Other embodiments may be
obtained by a person of ordinary skill in the art based on the
embodiments of the present disclosure without creative
efforts, and are within the scope of the present disclosure.
[0038] References throughout the disclosure to “one
embodiment”, “an embodiment”, “an example”, “some
embodiments”, or similar language mean that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment.
Thus, appearances of the phrases “in one embodiment”, “in
an embodiment”, “in some embodiments”, and similar lan-
guage throughout the disclosure may, but do not necessarily,
all refer to the same embodiment(s), but mean “one or more
embodiments”. These may or may not include all the
embodiments disclosed.

[0039] Unless otherwise defined, technical terms or sci-
entific terms used in the embodiments of the present disclo-
sure should be construed in the ordinary meaning of the
person of ordinary skill in the art.

[0040] The terms “first”, “second” and similar terms used
in the present disclosure do not denote any order, quantity,
or importance. They are merely used for references to
relevant devices, components, procedural steps, etc. These
terms do not imply any spatial or chronological orders,
unless expressly specified otherwise. For example, a “first
device” and a “second device” may refer to two separately
formed devices, or two parts or components of the same
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device. Similarly, a “first step” of a method or process may
be carried or performed after, or simultaneously with, a
‘second step”.

[0041] The terms “comprising”, “including”, “having”,
and variations thereof mean “including but not limited to”,
unless expressly specified otherwise.

[0042] An enumerated listing of items does not imply that
any or all of the items are mutually exclusive, unless
expressly specified otherwise. The terms “a”, “an”, and
“the” also refer to “one or more” unless expressly specified
otherwise.

[0043] The words “connected” or “connection” and the
like are not limited to physical or mechanical connections,
but may include electrical connections, whether direct or
indirect.

[0044] The words “upper”, “lower”, “left”, “right” and the
like are only used to indicate the relative positional rela-
tionship.

[0045] An embodiment of the disclosure provides a dis-
play panel, especially for a micro light emitting diode
(Micro LED) display panel, which has the advantages of
high contrast, high refresh rate, wide viewing angle, wide
color gamut, high brightness and low power consumption,
high durability and stability in different environments. How-
ever, there are many areas for improvement in the emerging
technology of Micro LED, such as optical cross-talk, chip-
on-submount test, mass-transfer process, bonding devices,
etc. The optical cross-talk phenomenon or color mixing
phenomenon is mainly a visible defect caused by interfer-
ences between adjacent pixels, which may lead to blurred
screen display and lowered color purity, and the final display
effect may be seriously degraded.

[0046] Specifically, for the color mixing phenomenon,
since the single Micro LED chip in the Micro LED display
panel is a Lambertian light source, the illuminating beam
angle 20 reaches 120° (i.e. in this case, 0 is approximately
60°). Tt is understood that the larger the beam angle, the
lower the luminous intensity. With regard to light at a large
angle (e.g. an angle greater than 60°), although the intensity
of light is weak, there is still some light radiation. For the
entire display panel, an image is displayed by arrangement
of a large number of spaced Micro LEDs, and the light at a
large angle is the main source of Micro LED optical cross-
talk.

[0047] In view of the above, as shown in FIGS. 1, 3, and
4, the Micro LED display panel 01 according to an embodi-
ment of the present disclosure includes a plurality of sub-
pixel regions, or in this case sub-pixels P (P'), and the display
panel 01 further includes a substrate 100 and a functional
layer 200 disposed on the substrate 100.

[0048] The functional layer 200 is provided with an array
of recesses, or in this case recessed portions 20, each at a
position of the functional layer 200 corresponding to, or
located within, a sub-pixel P (P') region. A Micro LED 21 is
disposed in each recessed portion 20. The recessed portion
20 in a sub-pixel region forms a well structure with a
sidewall S formed of the functional layer 200 and a bottom
formed of the substrate 100. The light emitting surface M1
of the Micro LED is closer to the substrate 100, relative to
the surface M2 of the functional layer 200 facing away from
the substrate side (i.e., the upper surface of the functional
layer 200). That is, the light emitting surface M1 of the
Micro LED is lower than the surface M2 of the functional
layer distal from the substrate. In other words, the Micro
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LED is entirely located within the corresponding recess 20
of the functional layer 200. The light emitting face M1 does
not protrude from the opening of the recessed portion 20.
[0049] The functional layer 200 is configured to prevent at
least part of the light emitted by the Micro LED in the
sub-pixel P and incident on the sidewall S of the recess 20
from exiting, or emitting from, the light-emitting side of the
sub-pixel P' adjacent to the sub-pixel P. It is understood that
the colors of the emitted light of adjacent sub-pixels are
different, and optical cross-talk occurs when part of the light
emitted by the Micro LED in the sub-pixel P interferences
with light emitted by the Micro LED in the adjacent sub-
pixel P'. Referring to FIGS. 1, 3, and 4, at least part of the
light L emitted by the Micro LED 21 and incident on the
sidewall S of the recess 20 (e.g. reference light ray L1' in a
dotted line), which would originally be emitted toward and
exit the sub-pixel P' adjacent to the sub-pixel P in absence
of the functional layer 200, is prevented from entering a
region of the sub-pixel P' adjacent to the sub-pixel P by the
functional layer 200. That is, this part of the light (e.g.
reference light ray L1') emitted by the Micro LED in the
sub-pixel P which would cause optical cross-talk in absence
of the functional layer 200, does not enter the region of the
sub-pixel P', and thus it does not exit the display panel 01
through the sub-pixel P'.

[0050] It is understood that, first, the position of the
functional layer 200 corresponding to a sub-pixel where a
recess 20 is provided refers to a position of the functional
layer 200 in the sub-pixel aperture area of the display panel
01.

[0051] Second, among the light emitted by the Micro LED
in the sub-pixel P and incident on the sidewall S of the recess
20, the part of light that would originally exit the sub-pixel
P' adjacent to the sub-pixel P (e.g. reference light ray L1')
will not emit out through the sub-pixel P' adjacent to the
sub-pixel P due to the presence of the functional layer. Based
on the specific configuration of the functional layer 200, this
part of the light may be emitted out through the sub-pixel P
where the Micro LED is disposed, or it may be absorbed.
The present disclosure is not limited in this aspect, as long
as the functional layer 200 is capable of preventing, or
blocking, at least part of the light incident on the sidewall S
of the recess 20 from exiting, or being subsequently emitted,
from the sub-pixel P' adjacent to the sub-pixel P. The specific
ways of blocking may refer to the specific embodiments
provided later.

[0052] According to an embodiment of the present disclo-
sure, at least part of the light incident on the sidewall of the
recessed portion among the light emitted by the Micro LED
in a sub-pixel is prevented from exiting from adjacent
sub-pixels by the functional layer (the colors of the light
emitted from adjacent sub-pixels are different). Thus, the
probability of occurrences of optical cross-talk is reduced,
thereby providing high contrast display.

[0053] The above Micro LEDs may include Micro LEDs
of three colors of red, green, and blue. Each single Micro
LED generally includes an upper electrode, a lower elec-
trode, and a light-emitting layer between the upper electrode
and the lower electrode. Local dimming may be imple-
mented by controlling the voltages applied on the upper and
lower electrodes of the individual Micro LED. The material
of the light-emitting layer may be GaN, GaAs, etc., and the
electrode material may be metals such as silver or alumi-
num, which are not specifically limited in the present
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disclosure. In addition, each Micro LED is correspondingly
provided with a Micro-IC to ensure local dimming, and the
size and the optical distance of the Micro LED can be
selected according to the requirements of the actual display
panel, and are not limited in the present disclosure.

[0054] As shown in FIG. 1, the recessed portion 20 may be
a through hole in the functional layer 200, so as to facilitate
the connection of the Micro LED located in the recessed
portion 20 with other electronic components (e.g., a driving
circuit) located on the substrate 100 to achieve proper
display.

[0055] In addition, as shown in FIG. 1, the display panel
01 is provided with an anti-glare protective film 300 on a
side of the functional layer 200 distal from the substrate 100.
The anti-glare protective film 300 and the functional layer
200 are bonded by a sealing portion (not shown) in a
non-display area of the display panel 01. The arrangement
manner and the material of the sealing portion are not
limited in the present disclosure, and may be selected
according to the requirements in practice. For example, a
sealing material such as resin may be used to form the sealed
portion between the anti-glare protective film 300 and the
functional layer 200 around periphery of the non-display
area.

[0056] The anti-glare protective film 300 is used to sup-
press whitening and glare, and is also used to achieve
bonding with the sealing portion. In practice, the anti-glare
protective film is generally made of high transmittance
materials to avoid the reduction in the light transmittance of
the display panel. For example, polyethylene terephthalate,
polycarbonate, glass, or the like may be used. The material
may be selected according to the requirements in practice,
and is not limited in the present disclosure.

[0057] Of course, it should be understood that there is a
certain gap between the anti-glare protective film 300 and
the functional layer 200 that are bonded by the sealing
portion, and the gap helps to adjust the optical distance to a
certain extent. To avoid a change in the gap between the
anti-glare protective film 300 and the functional layer 200
caused by a force exerted on the anti-glare protective film
300, thereby adversely affecting the display, support col-
umns may be disposed between the anti-glare protective film
300 and the functional layer 200 in practice. The support
columns may generally be disposed between adjacent sub-
pixels to avoid affecting the display.

[0058] The specific configuration of the above functional
layer 200 will be further described below.

[0059] Configuration 1:

[0060] As shown in FIG. 1, the functional layer 200 may
include a waveguide layer 201 and an upper dielectric layer
202 which are sequentially disposed on the substrate 100.
Referring to FIG. 2, a schematic diagram including the
waveguide layer 201 of FIG. 1, the refractive index n1 of the
waveguide layer 201 is greater than the refractive index n2
of the substrate 100 as well as the refractive index n0 of the
upper dielectric layer 202; and the refractive index n2 of the
substrate is greater than the refractive index n0 of the upper
dielectric layer; that is, n1>n2>n0.

[0061] In this case, it should be understood that for the
waveguide layer 201, the critical angle of the light entering
the upper dielectric layer 202 from the waveguide layer 201,
or the critical angle of total internal reflection of the light is
Cl=arcsin(n0/n1). The critical angle of the light entering the
substrate 100 from the waveguide layer 201 is C2=arcsin
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(n2/n1). By selecting appropriate refractive index n1 of the
waveguide layer 201, refractive index n2 of the substrate
100, and refractive index n0 of the upper dielectric layer
202, part of the light entering the waveguide layer 201 with
the incident angle o satisfying arcsin  (n0/ml)
=Cl<a<C2=arcsin (n2/nl) is totally reflected at the inter-
face between the waveguide layer 201 and the upper dielec-
tric layer 202 (i.e. at the upper surface of the waveguide
layer 201); and this part of the light that undergoes total
internal reflection at the above surface is then enters the
substrate 100 since the condition of total reflection at the
interface between the waveguide layer 201 and the substrate
100 (i.e. at the lower surface of the waveguide layer 201) is
set to be unsatisfied. This prevents this part of the light exits
through or emitted from, adjacent sub-pixels, reducing the
chances of optical cross-talk.

[0062] It should be noted that the substrate 100, the
waveguide layer 201, and the upper dielectric layer 202 are
generally transparent media. The substrate 100 and the
waveguide layer 201 may generally be made of optical glass,
transparent resin materials, etc. Its thickness may be deter-
mined by specific product designs or process conditions. For
example, the substrate 100 is made of optical glass having
a refractive index of n2=1.52 with a thickness of about 0.5
mm, and the waveguide layer 201 is made of optical glass
of SiO2 having a refractive index of 1.63-1.64.

[0063] In addition, the upper dielectric layer 202 may be
an air dielectric layer, or it may be a special optical glass
having a low refractive index, a transparent resin material,
and the like. Its thickness may be determined by specific
product designs or process conditions. In practice, the upper
dielectric layer 202 may preferably be a non-air transparent
dielectric layer made of materials such as optical glass or
transparent resin. For example, according to an embodiment
of the present disclosure, optical glass having a refractive
index of n0=1.46 with a thickness of about 2 pm may be
used. The lower surface of the optical glass is required to
have relatively better flatness and parallelism to ensure total
internal reflection at the interface.

[0064] It should be understood that in the case where the
upper dielectric layer 202 is an air dielectric layer, the
foregoing anti-glare protective film 300 is actually bonded
with the waveguide layer 201 of the functional layer 200 by
a sealing portion (not shown in the figures) located in the
non-display area.

[0065] To illustrate further with reference to FIG. 2, in an
exemplary display panel, the substrate 100 is made of a low
refractive index SiO2 material having a refractive index n2
of 1.52; the upper dielectric layer 202 is made of optical
glass having a refractive index n0 of 1.46; the waveguide
layer 201 is made of glass having a refractive index nl of
1.64 (for example, Nippon Glass); and the incident angle of
the light incident on the waveguide layer 201 is greater than
64°. Using a model established based on the FDTD (Finite-
Difference Time-Domain) method and detecting the inten-
sities of light exiting the upper dielectric layer 202 and the
substrate 100 by a power monitor, the specific light inten-
sities obtained are listed in the following table.
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Ratio of intensity of light

Intensity of light  Intensity of  exiting substrate to that

Incident exiting upper light exiting of light exiting upper
angle dielectric layer substrate dielectric layer
65 2.85E-11 0.52 1.83E+10
67 3.50E-11 0.015 4.17E+10
70 1.66E-11 0.004 2.11E+10
[0066] It can be seen from the above table that when the

incident angle of light incident on the waveguide layer is
between 65° and 70°, the intensity of light exiting the
substrate is much greater than the intensity of light exiting
the upper dielectric layer. That is, most of the light with
incident angle o of between 65° and 70° is emitted from or
exiting the substrate. The upper dielectric layer does not
emit light substantially (in this case, the waveguide layer
achieves the purpose of single-sided light emission). There-
fore, the light incident on the side surface of the waveguide
layer with incident angle o of between 65° and 70° is not
emitted through the upper dielectric layer substantially,
which can satisfactorily achieve the purpose of reducing
optical cross-talk and ensuring high contrast of the display
images.

[0067] In practice, the differences among the refractive
indices of the substrate 100, the upper dielectric layer 202
and the waveguide layer 201, and the thickness of each layer
can be controlled as required, to in order to reduce chances
of occurrences of optical cross-talk.

[0068] Compared to the related art in which serious optical
cross-talk exists in high-resolution (high PPI) display pan-
els, the design according to the present disclosure achieves
a better result in reducing the occurrences of optical cross-
talk. Besides reducing the occurrences of optical cross-talk,
the embodiments according to the present disclosure also
ensure a further reduction in the size of sub-pixels including
the Micro LEDs, thereby realizing high PPI (pixels per inch)
display.

[0069] In the case that the Micro LED is located in the
central region of the recessed portion 20, the width W of the
sub-pixel P preferably may be 2H tan 6 (or approximately
2H tan 0 according to the actual case) to minimize the size
of the sub-pixels.

[0070] Here, H is the distance from the Micro LED to the
display surface (or the light exit surface) of the display
panel; and tan 0 is the ratio of the distance D1 from the
center of the recessed portion 20 to the sidewall of the
recessed portion to the thickness D2 of the waveguide layer
201, i.e. tan 6=D1/D2.

[0071] It should be noted here that, first, the “center of the
recessed portion” refers to a position in the concave portion
or the well structure, which is of equal distances or approxi-
mately equal distances to the sidewalls of the recessed
portion. In practice, in order to ensure the uniformity of the
light emitted by each Micro LED in the display panel, the
Micro LED is generally disposed at the center of the recess
20. The abovementioned “central region” may be considered
as the region where the Micro LED is disposed in the recess
20, so as to ensure that the distances from the Micro LED to
the sidewalls on the periphery of the recess are equal or
approximately equal, thereby ensuring uniformity of
extracted or emitted light.

[0072] Second, the width of the sub-pixel P refers to a
dimension of the sub-pixel P in a direction in which sub-
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pixels are likely to cause optical cross-talk. For example, in
general, adjacent sub-pixels in the gate line direction are of
different colors, and color mixing or optical cross-talk
readily occurs. The width of the sub-pixel is a dimension of
the sub-pixel along the gate line direction. However, the
present disclosure is not limited thereto, and if the colors of
the adjacent sub-pixels in the direction of the data line are
different such that color mixing readily exits in this direc-
tion, the width of the sub-pixel P may be a dimension along
the direction of the data line. Of course, other situations are
also possible, but are not repeatedly described herein.
[0073] Third, one skilled in the art should understand that
for the display panel as shown in FIG. 1, the light emitting
area of a sub-pixel region including a Micro LED can be
divided into two parts: a first part and a second part. The first
part is a region that is covered by the light emitted by the
Micro LED having a radiation angle (from the center to the
periphery) smaller than f. The light emitted by the Micro
LED directly irradiates on this region, forming a central
region, i.e. Region A in FIG. 1. The second part is a region
that is covered by the light emitted by the Micro LED having
a radiation angle of between f§ and 8 and passed through the
upper dielectric layer 202, forming a peripheral region, i.e.
Region B in FIG. 1. The design of W=2H tan 6 according to
an embodiment of the present disclosure ensures that the
light from adjacent Micro LEDs do not overlap in Regions
B of the sub-pixels. That is, it is ensured that the outgoing
light of each Micro LED can exit from the corresponding
sub-pixel (Region A and Region B of the sub-pixel), and the
light having an angle of radiation greater than 6 (e.g. light
ray 1) among all outgoing light of the Micro LED is totally
internal reflected at the interface between the upper dielec-
tric layer 202 and the waveguide layer 201 (i.e. being
prevented from exit through an adjacent sub-pixel). The
light ray L1 subsequently enters the substrate 100 and is
absorbed within the display panel.

[0074] Configuration 2:

[0075] As shown in FIG. 3, the functional layer 200
includes a transparent dielectric layer 201' and a reflective
layer 202' sequentially disposed on the substrate 100. The
reflective layer 202" includes a reflective surface facing the
substrate 100 such that light incident on the transparent
dielectric layer 201' of the sidewall of the recess 20 is
reflected by the reflective layer 202' after entering the
dielectric layer 201' and enters the substrate 100 (refer to
light ray L1 in FIG. 3), thereby preventing this part of the
light from exiting through adjacent sub-pixels (refer to light
ray L1 in FIG. 3 which shows the light passage in absence
of the functional layer 200), and thus reducing the chances
of optical cross-talk. The reflective layer 202' may include a
non-reflective surface facing away from the substrate 100.
[0076] In this case, the transparent dielectric layer 201'
may be made of optical glass, transparent resin materials or
the like; the reflective layer 202' may be made of metal
materials, such as Al or Ag. It is understood that in the case
where a metal reflective layer is used, the light is radiated to
a layer of micron-sized metal and thus a plasmonic effect
may be introduced. In practice, monitoring may be used to
eliminate such influence.

[0077] Configuration 3:

[0078] As shown in FIG. 4, the functional layer 200 is a
light absorbing layer; and it is generally made of a light
absorbing material, such as black resin materials. Thus, light
incident on the sidewall of the recessed portion 20 can be
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absorbed, thereby avoiding this part of light (refer to light
ray L1' in FIG. 4) exiting or emitted through adjacent
sub-pixels, and thus reducing the occurrences of optical
cross-talk.

[0079] It should be noted that the substrate 100 in this
configuration may be made of a transparent material (for
example, optical glass, transparent resin, or the like) or a
non-transparent material, which is not limited in the present
disclosure. In practice, the material may be selected accord-
ing to requirements.

[0080] With respect to the functional layers of the above
three configurations, it should be understood that in the
second and third configurations, the light incident on the
sidewall of the recessed portion 20 is substantially ineffec-
tively utilized; whereas the functional layer of the first
configuration can effectively utilize part of the light incident
on the sidewall of the recess 20 (that is, part of the light
incident on the upper dielectric layer 202 that then irradiates
to Region B of the sub-pixel) by using the waveguide layer
201, thereby improving the light utilization of the display
panel as a whole (refer to the outgoing light rays in Region
B in FIG. 1). Therefore, the functional layer 200 in the first
configuration may be provided as a preferred arrangement
according to an embodiment of the present disclosure.
[0081] In addition, compared with the third configuration
in which the light incident on the sidewall of the recessed
portion 20 is absorbed by the functional layer and does not
enter the substrate 100, the light incident on the sidewall of
the recessed portion 20 in the first and second configurations
may be emitted from or exit the substrate 100. In view of
this, in order to avoid the light being emitted from or exiting
the substrate 100 which adversely affects the display, it may
be generally preferred to provide a light absorbing layer 400
on a side of the substrate 100 facing away from the func-
tional layer 200 as shown in to FIGS. 1 and 3. The light
absorbing layer 400, which is different from the light absorb-
ing layer as the functional layer 200 in the third configura-
tion, is configured to absorb light exiting the substrate 100.
[0082] The embodiments of the disclosure further provide
a display device comprising the foregoing display panel,
which has the same structure and advantageous effects as the
display panel provided by the foregoing embodiments. Since
the foregoing embodiments have been described in detail
regarding the structure and advantageous effects of the
display panel, details of the display device are not described
herein again.

[0083] It should be noted that, in the embodiments of the
present disclosure, the display device may specifically
include at least a Micro LED display device. For example,
the display device may be applied to any product or com-
ponent having a display function, such as a monitor, a
television, a digital photo frame, a mobile phone, or a tablet
computer.

[0084] It should be understood that, with respect to the
display device of the present disclosure, the size of the
sub-pixels can be further reduced to facilitate high PPI
display design due to the reduced occurrences of the color
mixing phenomenon or optical cross-talk. In addition, it
should also be understood that the Micro LED display
device of the present disclosure can realize fast response and
local dimming, and can be applied to fields such as flexible
display, AR/VR display and the like.

[0085] The embodiments of the disclosure further provide
a method for manufacturing a display panel. The display
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panel includes a plurality of sub-pixels. As shown in FIG. 5,
the manufacturing method includes:

[0086] Step S101, forming a functional layer 200 having
a plurality of recessed portions or recesses 20 on a substrate
100, each recess at a position corresponding to one sub-pixel
P, or one sub-pixel region, on the substrate 100.

[0087] Step S102, forming a Micro LED in each recess 20
for emitting light. The light emitting surface of the Micro
LED is closer to the substrate 100 with respect to the surface
of the functional layer 200 distal from the substrate 100; and
the functional layer 200 is configured to prevent at least part
of the light emitted by the Micro LED in the sub-pixel P and
incident on a sidewall of the corresponding recess 20 from
being subsequently emitted though or exit the sub-pixel P'
adjacent to the sub-pixel P (refer to FIGS. 1, 3, and 4).
[0088] According to the present disclosure, at least part of
the light incident on the sidewall of the recess among the
light emitted by the Micro LED in the sub-pixel is prevented
from being emitted though or exit the adjacent sub-pixels by
the functional layer (the colors of the light emitted from the
adjacent sub-pixels are different). This thus reduces the
chances of optical cross-talk, which in turn ensures high
contrast of the display.

[0089] Specifically, the above step S101 is further
described in association with the three configuring manners
of the functional layer 200 in the foregoing embodiments of
the display panel 01.

[0090] Referring to the foregoing configuration 1 and FIG.
1, forming the functional layer 200 having a plurality of
recesses 20 on the substrate 100, each recess at the position
of the corresponding sub-pixel P, in the above step S101 may
include:

[0091] forming an initial waveguide layer and an initial
upper dielectric layer on the substrate 100; wherein a
refractive index of the initial waveguide layer is greater than
refractive indices of the substrate and the initial upper
dielectric layer, and the refractive index of the substrate is
greater than the refractive index of the initial upper dielectric
layer; and

[0092] forming an array of recesses 20 at positions of the
initial waveguide layer and the initial upper dielectric layer
corresponding to each sub-pixel to form the functional layer
200.

[0093] Specifically, referring to FIG. 6a, the initial wave-
guide layer A1 and the initial upper dielectric layer A2 may
be sequentially formed on the substrate 100 by deposition.

[0094] Then, by spin-coating the photoresist layer B on
the initial upper dielectric layer A2 and using digital expo-
sure, laser direct writing, imprinting, etc., a hollow region is
formed at positions corresponding to each sub-pixel region
in the photoresist layer B (refer to FIG. 6b). Through an
etching process (dry etching or wet etching), the recessed
portions or recesses 20 are then formed at positions corre-
sponding to the hollow regions of the photoresist layer B
(refer to FIG. 6¢), and finally the photoresist is peeled off to
complete the fabrication of the functional layer 200 (refer to
FIG. 6d).

[0095] Of course, it should be understood that the specific
manufacturing process of the functional layer 200 herein
merely provides an example of the manufacturing process,
but the present disclosure is not limited thereto. In practice,
other suitable processes may be selected according to
requirements, such as inkjet printing.

May 14, 2020

[0096] Referring to the foregoing configuration 2 and FIG.
3, forming the functional layer 200 having a plurality of
recesses 20 on the substrate 100, each recess at the position
of the corresponding sub-pixel P, in the above step S101 may
include:

[0097] forming an initial transparent dielectric layer and
an initial reflective layer on the substrate 100; and

[0098] forming an array of recesses 20 at positions of the
initial transparent dielectric layer and the initial reflective
layer corresponding to each sub-pixel P to form the func-
tional layer 200.

[0099] For the specific production process, reference may
be made to the specific manufacturing process of the func-
tional layer in the foregoing configuration 1, and the details
are not described herein again.

[0100] Referring to the foregoing configuration 3 and FIG.
4, forming the functional layer 200 having a plurality of
recesses 20 on the substrate 100, each recess at the position
of the corresponding sub-pixel P, in the above step S101 may
include:

[0101] forming an initial light absorbing layer on the
substrate 100; and

[0102] forming an array of recesses 20 at positions of the
initial light absorbing layer corresponding to the sub-pixels
P to form the functional layer 200.

[0103] For the specific production process, reference may
be made to the specific manufacturing process of the func-
tional layer in the foregoing configuration 1, and the details
are not described herein again.

[0104] In addition, in the above step S102, forming the
Micro LED in the corresponding recess may include trans-
fer-printing the Micro LED into the corresponding recess 20
(refer to FIG. 6e).

[0105] Specifically, a plurality of Micro LEDs is formed
on a temporary substrate, each Micro LED being formed in
a one-to-one correspondence with a corresponding recessed
portion 20, and then the Micro LEDs are transfer-printed
into the recesses 20.

[0106] Of course, for related contents in the manufactur-
ing method, reference may be made to the corresponding
part in the foregoing embodiments of the display panel, and
the details are not described herein again. For other config-
uring structures in the foregoing embodiments of the display
panel, an appropriate manufacturing method may be
selected for production, and the details will not be repeated
here.

[0107] The above embodiments are merely exemplary
embodiments of the present disclosure, and the scope of the
present disclosure is not limited thereto. A person skilled in
the art can easily think of modifications or substitutions
within the technical scope of the present disclosure, and
those modifications and substitutions are deemed to fall
within the protection scope of the present disclosure.

1. A display panel, comprising:

a substrate;

a functional layer on the substrate having a plurality of
recesses, at least one of the recesses in a sub-pixel
region forming a well structure with a sidewall formed
of the functional layer and a bottom formed of the
substrate; and

a plurality of micro light emitting diodes (Micro LEDs)
for emitting light, at least one of the Micro LEDs within
a corresponding recess;
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wherein the functional layer is configured to prevent at
least part of the light emitted by one of the Micro LEDs
and incident on the sidewall of the corresponding
recess from being subsequently emitted through an
adjacent sub-pixel region.

2. The display panel according to claim 1, wherein the
functional layer comprises: a waveguide layer and an upper
dielectric layer sequentially disposed on the substrate.

3. The display panel according to claim 2, wherein a
refractive index of the waveguide layer is greater than
refractive indices of the substrate and the upper dielectric
layer, and the refractive index of the substrate is greater than
the refractive index of the upper dielectric layer.

4. The display panel according to claim 3, wherein the
display panel further comprises a light absorbing layer on a
side of the substrate distal from the functional layer.

5. The display panel according to claim 2, wherein at least
one of the Micro LED:s is located in a central region of the
corresponding recess.

6. The display panel according to claim 1, wherein the
functional layer comprises: a transparent dielectric layer and
a reflective layer sequentially disposed on the substrate.

7. The display panel according to claim 6, wherein the
reflective layer comprises a reflective surface facing the
substrate.

8. The display panel according to claim 7, wherein the
reflective layer comprises a non-reflective surface facing
away from the substrate.

9. The display panel according to claim 6, wherein the
display panel further comprises a light absorbing layer on a
side of the substrate distal from the functional layer.

10. The display panel according to claim 1, wherein the
functional layer comprises a light absorbing layer.

11. The display panel according to claim 1, wherein the
recess is a through hole in the functional layer.

12. The display panel according to claim 1, wherein the
display panel further comprises an anti-glare protective film
on a side of the functional layer distal from the substrate.

13. The display panel according to claim 12, wherein the
anti-glare protective film and the functional layer are bonded
by a sealing portion in a non-display area.

14. A display device comprising a display panel, wherein
the display panel comprises:

a substrate;

a functional layer on the substrate having a plurality of
recesses, at least one of the recesses in a sub-pixel
region forming a well structure with a sidewall formed
of the functional layer and a bottom formed of the
substrate; and
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a plurality of micro light emitting diodes (Micro LEDs)
for emitting light, at least one of the Micro LEDs within
a corresponding recess;

wherein the functional layer is configured to prevent at
least part of the light emitted by one of the Micro LEDs
and incident on the sidewall of the corresponding
recess from being subsequently emitted through an
adjacent sub-pixel region.
15. A method of manufacturing a display panel having a
plurality of sub-pixel regions, the method comprising:
forming a functional layer having a plurality of recesses
on a substrate, at least one of the recesses at a position
corresponding to one of the sub-pixel regions; and

forming a micro light emitting diode (Micro LED) in at
least one of the recesses for emitting light;

wherein the functional layer is configured to prevent at

least part of the light emitted by the Micro LED and
incident on a sidewall of the corresponding recess from
being subsequently emitted from an adjacent sub-pixel
region.

16. The method according to claim 15, wherein the Micro
LED is transfer-printed into the recess.

17. The method according to claim 15, wherein forming
the functional layer comprises:

forming an initial waveguide layer and an initial upper

dielectric layer on the substrate; and

forming an array of recesses in the initial waveguide layer

and the initial upper dielectric layer.

18. The method according to claim 17, wherein a refrac-
tive index of the initial waveguide layer is greater than
refractive indices of the substrate and the initial upper
dielectric layer, and the refractive index of the substrate is
greater than the refractive index of the initial upper dielectric
layer.

19. The method according to claim 15, wherein forming
the functional layer comprises:

forming an initial transparent dielectric layer and an initial

reflective layer on the substrate; and

forming an array of recesses in the initial transparent

dielectric layer and the initial reflective layer.

20. The method according to claim 15, wherein forming
the functional layer comprises:

forming an initial light absorbing layer on the substrate;

and

forming an array of recesses in the initial light absorbing

layer.
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