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DISPLAY DEVICE HAVING A PLURALITY
OF BANK STRUCTURES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of and
claims the priority benefit of U.S. application Ser. No.
15/341,007, filed on Nov. 2, 2016, now allowed, which
claims the priority benefits of U.S. provisional application
Ser. No. 62/251,132, filed on Nov. 5, 2015 and China
application serial no. 201610395404 4, filed on Jun. 6, 2016.
The entirety of each of the above-mentioned patent appli-
cations is hereby incorporated by reference herein and made
a part of this specification.

BACKGROUND

Field of the Disclosure

[0002] The embodiment relates to a display device, and
particularly relates to a light-emitting diode display device.

Description of Related Art

[0003] Since a light-emitting diode (LED) display device
has advantages such as active light emitting, high brightness,
high contrast, and low power consumption, and has a longer
lifetime compared to an organic light-emitting diode
(OLED) display device, it has become one of the technolo-
gies of new type displays to develop in recent years.
Specifically, the light-emitting diode display device is
mainly composed of a thin film transistor array substrate and
light-emitting diodes arranged in an array. The optical
performance of the light-emitting diode display device
depends on the design of the light-emitting diodes and the
optical structure design of the periphery of the light-emitting
diodes. Since the light-emitting diode is a multi-surface
light-emitting light source, lateral light of the light-emitting
diode emitting onto the adjacent light-emitting diode is
likely to result in an optical cross-talk phenomenon after the
light-emitting diodes are closely arranged in an array, which
may cause disadvantages, such as color mixing, halo, reduc-
tion of screen contrast or fuzziness. Also, it is possible to
reduce color saturation of the light-emitting diode display
device when including a wavelength converting material.

SUMMARY

[0004] The embodiment provides a display device which
has a better optical display performance.

[0005] The display device of the embodiment includes an
array substrate, a plurality of micro light-emitting diodes
and a plurality of bank structures. The micro light-emitting
diodes are arranged in an array on the array substrate. The
bank structures are located on the array substrate, wherein
the micro light-emitting diodes are electrically connected to
the array substrate. The bank structures form a plurality of
accommodating regions, and one of the micro light-emitting
diodes is located in one of the accommodating regions. A
height of one of the bank structures is more than or equal to
a height of one of the micro light-emitting diodes.

[0006] The display device of the embodiment includes an
array substrate, an opposite substrate, a plurality of micro
light-emitting diodes and a plurality of bank structures. The
opposite substrate is disposed opposite to the array substrate.
The micro light-emitting diodes are arranged in an array on
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the array substrate. The bank structures are located between
the array substrate and the opposite substrate. The micro
light-emitting diodes are electrically connected to the array
substrate. The bank structures form a plurality of accom-
modating regions, and one of the micro light-emitting diodes
is located in one of the accommodating regions. A height of
one of the bank structures is more than or equal to a height
of the one of the micro light-emitting diodes.

[0007] The display device of the embodiment includes an
array substrate, an opposite substrate, a plurality of micro
light-emitting diodes, a wavelength converting enhancement
layer, a color filter layer and a plurality of bank structures.
The opposite substrate is disposed opposite to the array
substrate. The micro light-emitting diodes are arranged in an
array on the array substrate. The wavelength converting
enhancement layer is disposed above the opposite substrate.
The color filter layer is disposed above the opposite sub-
strate and has a plurality of color filter patterns. The bank
structures are located between the array substrate and the
opposite substrate. The micro light-emitting diodes are elec-
trically connected to the array substrate. The bank structures
form a plurality of accommodating regions, and one of the
micro light-emitting diodes is located in one of the accom-
modating regions. A height of one of the bank structures is
more than or equal to a height of the one of the micro
light-emitting diodes.

[0008] Based on the above, since the display device of the
embodiment has the design of the bank structures, the
optical cross-talk phenomenon generated by the micro light-
emitting diodes arranged in an array on the array substrate
can be effectively reduced. Thereby, the optical display
performance of the display device of the embodiment can be
effectively improved.

[0009] In order to make the aforementioned features and
advantages of the disclosure more comprehensible, embodi-
ments accompanied with figures are described in detail
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings are included to pro-
vide a further understanding of the embodiments, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments and, together with the
description, serve to explain the principles of the embodi-
ments.

[0011] FIG. 1A is a schematic cross-sectional view of a
display device according to an embodiment.

[0012] FIG. 1B is a schematic view of a bank structure of
an embodiment of the display device of FIG. 1A.

[0013] FIG. 1C is a schematic view of a bank structure of
another embodiment of the display device of FIG. 1A.
[0014] FIG. 1D is a schematic view of a bank structure of
another embodiment of the display device of FIG. 1A.
[0015] FIG. 2 is a schematic cross-sectional view of a
display device according to another embodiment.

[0016] FIG. 3 is a schematic cross-sectional view of a
display device according to another embodiment.

[0017] FIG. 4 is a schematic cross-sectional view of a
display device according to another embodiment.

[0018] FIG. 5 is a schematic cross-sectional view of a
display device according to another embodiment.

[0019] FIG. 6 is a schematic cross-sectional view of a
display device according to another embodiment.
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[0020] FIG. 7 is a schematic cross-sectional view of a
display device according to another embodiment.

[0021] FIG. 8A is a schematic cross-sectional view of a
display device according to another embodiment.

[0022] FIG. 8B is a schematic top view of a patterned
reflective layer of FIG. 8A.

[0023] FIG. 9A is a schematic cross-sectional view of a
display device according to another embodiment.

[0024] FIG. 9B is a curve diagram illustrating a relation-
ship between wavelength and normalized light intensity of
the display device with the wavelength converting enhance-
ment layer and without the wavelength enhancement con-
verting layer of FIG. 9A.

[0025] FIG. 9C and FIG. 9D are schematic views of the
wavelength converting enhancement layers according to two
different embodiments in FIG. 9A.

[0026] FIG. 10 is a schematic cross-sectional view of a
display device according to another embodiment.

[0027] FIG. 11 is a schematic cross-sectional view of a
display device according to another embodiment.

[0028] FIG. 12 is a schematic cross-sectional view of a
display device according to another embodiment.

[0029] FIG. 13 is a schematic cross-sectional view of a
display device according to another embodiment.

[0030] FIG. 14 is a schematic cross-sectional view of a
display device according to another embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0031] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

[0032] FIG. 1A is a schematic cross-sectional view of a
display device according to an embodiment. Referring to
FIG. 1A, in the embodiment, a display device 100a includes
an array substrate 110, an opposite substrate 120, a plurality
of micro light-emitting diodes 130 and a plurality of bank
structures 140al. The array substrate 110 is a thin film
transistor (TFT) array substrate, for example. In other words,
a plurality of thin film transistors can be arranged on the
array substrate 110. The opposite substrate 120 is disposed
opposite to the array substrate 110. The micro light-emitting
diodes 130 are arranged in an array on the array substrate
110, wherein the micro light-emitting diodes 130 are elec-
trically connected to the array substrate 110. Specifically, the
micro light-emitting diodes 130 are electrically connected to
the thin film transistors on the array substrate 110. The bank
structures 140al are located between the array substrate 110
and the opposite substrate 120, wherein the bank structures
140g1 form a plurality of accommodating regions C. In
other words, the plurality of accommodating regions C can
be separated by the adjacent bank structures 140al, and at
least one of the micro light-emitting diodes 130 is located in
at least one of the accommodating regions C. A height H1 of
at least one of the bank structures 140a1 is more than a
height H2 of at least one of the micro light-emitting diodes
130, and a width of at least one of the bank structures 140al
can be different. The height H2 of at least one of the micro
light-emitting diodes 130 may be a distance between a top
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surface of the array substrate 110 and an upper surface 132
of at least one of the micro light-emitting diodes 130 as
shown in FIG. 1A.

[0033] Specifically, referring to FIG. 1A, at least one of
the micro light-emitting diodes 130 can be electrically
connected to a source or a drain (not shown) of at least one
of the thin film transistors (not shown) on the array substrate
110 by a conductive structure (not shown), and at least one
of the micro light-emitting diodes 130 can be electrically
connected to a common electrode (not shown) of the array
substrate 110 by a conductive structure (not shown). Here,
the micro light-emitting diodes 130 are flip-chip micro
light-emitting diodes, for example, and the micro light-
emitting diodes 130 specifically includes a blue light micro
light-emitting diode 130a, a green light micro light-emitting
diode 1305, and a red light micro light-emitting diode 130c.
The size of the micro light-emitting diodes 130 from top
view is between 1 micrometer and 1000 micrometers. In an
embodiment, the size is between 1 micrometer and 100
micrometers. The shape of the micro light-emitting diodes
130 might be a rectangle, a circle or other shapes, and is not
limited thereto. The size of the micro light-emitting diodes
130 from top view can be the longest distance within a
profile of one of the micro light-emitting diodes 130. The
profile is defined by an outline of a projected image of one
of the micro light-emitting diodes 130 from top view. The
height H2 of at least one of the micro light-emitting diodes
130 is between 0.5 micrometers and 500 micrometers, for
example. In an embodiment, the height H2 of at least one of
the micro light-emitting diodes 130 is between 0.5 microm-
eters and 30 micrometers, for example. That is to say, the
micro light-emitting diodes 130 of the embodiment can emit
light with different colors specifically. However, in other
embodiments, the micro light-emitting diodes 130 may also
emit light with the same color, and is not limited thereto. The
opposite substrate 120 may be a cover plate (e.g., transparent
substrate) or a color filter substrate, for example. However,
in other embodiments, the opposite substrate 120 may also
be a thin film encapsulation or a protective layer with
protective and supporting effects. The protective layer may
be a planarization layer, which can be disposed on the array
substrate 110 such that the surface of the array substrate 110
is planarized. For example, the protective layer may be
disposed around the micro light-emitting diodes 130, or may
be disposed above a top surface of the micro light-emitting
diodes 130, or further cover on a top surface of the bank
structure 140a1 away from the array substrate 110. Dispos-
ing of the protective layer around the micro light-emitting
diodes 130 might leave some space in at least one of the
accommodating regions C, or the protective layer might
filled in at least one of the accommodating regions C, and is
not limited thereto. The protective layer may also prevent
the invasion of moisture and oxygen. A material of the
protective layer comprises a transparent photoresist, a trans-
parent ultraviolet gel, etc., and is not limited thereto. The
bank structures 140al of the embodiment are disposed
above the array substrate 110, and at least one of the bank
structures 140al includes at least a first bank portion 142al
and a second bank portion 144al, wherein the first bank
portion 142a¢1 and the second bank portion 144al are
connected to each other. The second bank portion 14441 is
stacked on the first bank portion 142al, and a width of at
least one of the bank structures 140a1 gradually decreases
from the first bank portion 142a1 to the second bank portion
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144qa1. That is to say, the width of the bank structures 140al
of the embodiment can be different, and gradually decreases
from the array substrate 110 to the opposite substrate 120. In
other embodiments, the first bank portion 142¢1 may be
disposed above the array substrate 110, and the second bank
portion 14441 may be disposed above the opposite substrate
120. Alternatively, both the first bank portion 14241 and the
second bank portion 144a1 are disposed above the opposite
substrate 120, and is not limited thereto. When preparing the
display device 1004, the micro light-emitting diodes 130, the
first bank portion 14241, and the second bank portion 144al
might be formed on the array substrate 110 with no specific
disposing order.

[0034] More specifically, as shown in FIG. 1A, the first
bank portion 142a1 has a first bottom surface 141al and a
first side surface 14341 connected to the first bottom surface
141al, and a first included angle Al1 is formed between the
first side surface 143al and the first bottom surface 141a1.
The first bottom surface 141al is a surface of the first bank
portion 14241 adjacent to the array substrate 110. The
second bank portion 144al has a second bottom surface
14541 and a second side surface 14741 connected to the
second bottom surface 14541, the second bottom surface
14541 is a surface of the second bark portion 144al away
from the array substrate 110, and a second included angle
A12 is formed between the second side surface 14741 and
the second bottom surface 14541, In an embodiment, the
first included angle A11 and the second included angle A12
are between 30 degrees and 150 degrees but not equal to 90
degrees respectively, for example. As shown in FIG. 1A,
exterior contours of both the first bank portion 14241 and the
second bank portion 1444l are trapezoids, and the first
included angle A1l is different from the second included
angle A12. For example, the first included angle A11 is less
than the second included angle A12. In other embodiments,
referring to FIG. 1B, a bank structure 14042 includes at least
a first bank portion 14242 and a second bank portion 14442.
The first bank portion 14242 has a first bottom surface 141a2
and a first side surface 14342 connected to the first bottom
surface 14142, and a first included angle A21 is formed
between the first side surface 14342 and the first bottom
surface 141a2. The second bank portion 14442 has a second
bottom surface 14542 and a second side surface 14742
connected to the second bottom surface 14542, and a second
included angle A22 is formed between the second side
surface 14742 and the second bottom surface 14542. In an
embodiment, the first included angle A21 may also be equal
to the second included angle A22. In other embodiments, if
the first bank portion 14242 and the second bank portion
144a2 are formed by the same material, the bank structure
14042 may also be an integrally formed structure (namely,
there is no boundary between the first bank portion 14242
and the second bank portion 14442). A height of at least one
the bank structure 140a2 may be more than or equal to the
height of at least one of the micro light-emitting diodes 130,
and is not limited thereto.

[0035] It should be noted that, the exterior contours of the
bank structures 140a1 and 14042 are not limited by the
embodiment, even though the first bank portions 14241,
14242 and the second bank portions 144al, 14442 depicted
here are all regular trapezoids and have the first side surfaces
14341, 14342 and the second side surfaces 147al, 147a2
respectively. However, in other embodiments, referring to
FIG. 1C, a first bank portion 142a3 of a bank structure
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14043 has a first bottom surface 14143 and a first curved
surface 14343 connected to the first bottom surface 141a3,
and a second bank portion 14443 has a second bottom
surface 14543 and a second curved surface 14743 connected
to the second bottom surface 14543, wherein the first curved
surface 14343 and the second curved surface 14743 are
connected to each other. Alternatively, referring to FIG. 1D,
a first bank portion 14204 of a bank structure 14044 has a
first bottom surface 141a4 and a first concave-convex sur-
face 143a4 connected to the first bottom surface 1414, and
a second bank portion 14444 has a second bottom surface
145a4 and a second concave-convex surface 147a4 con-
nected to the second bottom surface 145a4, wherein the first
concave-convex surface 143a4 and the second concave-
convex surface 147q4 are connected to each other. In short,
outer surfaces of the bank structures 140a1, 14042, 14043
and 140a4 may be an inclined surface, a curved surface (or
arc surface) or an irregular surface, and is not limited
thereto.

[0036] It should be mentioned that, as shown in FIG. 1A,
FIG. 1B, FIG. 1C and FIG. 1D, the first side surfaces 143al,
14342, 143a3 and 143a4 and the second side surfaces
14741, 14742, 14743 and 147a4 have the same contour
specifically. For example, they are all flat surfaces, curved
surfaces or concave-convex surfaces. However, in other
embodiments not shown, the first side surfaces and the
second side surfaces may have different contours respec-
tively. For example, the first side surface is a flat surface
while the second side surface is a curved surface, and is not
limited thereto. Additionally, the first included angles A1l
and A21 and the second included angles A12 and A22 are
between 30 degrees and 150 degrees but not equal to 90
degrees respectively, for example. Also, the first included
angles A11, A21 and the second included angles A12, A22
may be the same or different, and is not limited thereto.

[0037] Additionally, a material of the first bank portions
14241, 14242, 14243 and 14244 and the second bank
portions 144al, 14442, 144a3 and 144a4 of the bank
structures 140a1, 14042, 14043 and 140a4 may be the same
or different, which can be comprised of any patternable gel
material, wherein the material comprises, for example, a
black photoresist, a white photoresist, a transparent material
doped with a scattering material, a transparent material
coated with a reflective film, or a photo spacer. For instance,
referring to FIG. 1A, if the first bank portion 142a1 com-
prises a black photoresist and the second bank portion 1444l
comprises a white photoresist, the first bank portion 142al
can absorb the light with larger angle emitted from the micro
light-emitting diodes 130 to the array substrate 110, so as to
prevent the light with larger angle from generating a specific
angle reflection after reflecting from the array substrate 110,
thereby affecting visual effects. The second bank portions
144a1 can guide lights emitted from side walls of the micro
light-emitting diodes 130 to be transmitted along a normal
direction so as to improve the light-emitting efficiency of the
micro light-emitting diodes 130 and adjust the light-emitting
viewing angle of the micro light-emitting diodes 130.

[0038] In short. since the display device 100a of the
embodiment comprises the bank structures 140al, the opti-
cal cross-talk phenomenon generated by the micro light-
emitting diodes 130 arranged in an array on the array
substrate 110 can be effectively reduced. Thereby, the optical
display performance of the display device 100a of the
embodiment can be effectively improved. Additionally, the
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bank structures 14041 are composed of the first bank portion
14241 and the second bank portion 1441 connected to each
other, and thus the material of the first bank portion 142a1
and the second bank portion 1441, the angle design of the
first included angle A11 and the second included angle A12
and the position where the first bank portion 14241 and the
second bank portion 14441 disposed can be chosen by users
according to their needs. For example, the first bank portion
14241 and the second bank portion 144al are both disposed
above the array substrate 110 or the opposite substrate 120.
Alternatively, at least one of the first bank portion 14241 and
the second bank portion 14441 is disposed above the array
substrate 110, and at least another one of the first bank
portion 14241 and the second bank portion 14441 is dis-
posed above the opposite substrate 120. In other words, the
bank structures 140al of the embodiment has a wider
flexibility of the design, and the micro light-emitting diodes
130 may have better light-emitting efficiency by the design
of the bank structures 140a1, such that the display device
100a of the embodiment has a better optical display perfor-
mance.

[0039] It should be noted that, the component notations
and partial details of the structures hereinafter provided in
the embodiments can be the same as or similar to the
previous embodiment, wherein the same notations represent
the same or similar components while the repeated same
details are omitted, which can refer to the previous embodi-
ment.

[0040] FIG. 2 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 2, a display device 1005 of the embodiment is
similar to the display device 100a of FIG. 1A, and the
difference therebetween is that, at least one of bank struc-
tures 1405 of the embodiment includes at least a first bank
portion 14256 and a second bank portion 1445, wherein the
first bank portion 1425 is disposed above the array substrate
110, and the second bank portion 1445 is disposed above the
opposite substrate 120. The first bank portion 1425 and the
second bank portion 14454 are connected to each other. A
width of the first bank portion 1426 gradually decreases
from the array substrate 110 to the opposite substrate 120,
and a width of the second bank portion 1446 gradually
decreases from the opposite substrate 120 to the array
substrate 110. Also, after the combination of the array
substrate 110 and the opposite substrate 120, the first bank
portion 1425 is connected to the second bank portion 144b.
Thus, the optical cross-talk phenomenon generated by the
micro light-emitting diodes 130 can be significantly
reduced, so as to effectively improve the optical display
performance of the display device 1005 of the embodiment.

[0041] FIG. 3 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 3, a display device 100c¢ of the embodiment is similar
to the display device 100a of FIG. 1A, and the difference
therebetween is that, the display device 100c¢ of the embodi-
ment further includes an optical coating layer 150 disposed
above an outer surface of at least one of the bank structures
140a1. As shown in FIG. 3, the optical coating layer 150
covers the first side surface 14341 of the first bank portion
14241 and the second side surface 1474l of the second bank
portion 144al. If the optical coating layer 150 comprises a
reflective material (e.g., silver, aluminum or chromium, and
is not limited thereto), the light-emitting efficiency of the
micro light-emitting diodes 130 can be effectively increased.
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However, if the optical coating layer 150 comprises a light
absorbing material (e.g., chromium, chromium nitride, chro-
mium oxide, aluminum alloy or aluminum nitride, and is not
limited thereto), stray light can be effectively reduced. In
other embodiments, the optical coating layer 150 may also
cover on a portion of the outer surface of at least one of the
bank structures 140q1, and is not limited thereto.

[0042] FIG. 4 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 4, a display device 1004 of the embodiment is
similar to the display device 100¢ of FIG. 3, and the
difference therebetween is that, the micro light-emitting
diodes of the embodiment can emit light with the same color,
such as blue light micro light-emitting diodes 130a. Fur-
thermore, the display device 1004 of the embodiment further
includes a wavelength converting material 160 and a plu-
rality of color filter patterns 172, 174 and 176. The wave-
length converting material 160 is disposed in at least one of
the accommodating regions C, and covers at least the blue
light micro light-emitting diodes 130a, wherein the wave-
length converting material 160 comprises phosphors or
quantum dots (QD), for example. Specifically, the wave-
length converting material 160 might be composed of the
phosphors or the quantum dots dispersed in a matrix, or the
wavelength converting material 160 might be composed of
only the phosphors or the quantum dots without a matrix,
and is not limited thereto. The phosphors may be yellow
phosphors, a mixture of green phosphors and red phosphors,
or a green phosphor layer stacked with a red phosphor layer,
and is not limited thereto. The quantum dots may be yellow
quantum dots, a mixture of green quantum dots and red
quantum dots, or a green quantum dot layer stacked with a
red quantum dot layer, and is not limited thereto. The color
filter patterns 172, 174 and 176 are disposed above the
opposite substrate 120 and have at least two different colors,
such as blue, green or red, wherein at least one of the color
filter patterns 172, 174 and 176 may also be transparent, and
is not limited thereto. That is to say, the display device 1004
of the embodiment is the use of the blue light micro
light-emitting diodes 130a with the blue color filter pattern
172, the green color filter pattern 174 and the red color filter
pattern 176 to achieve full-color display effects. The blue
color filter pattern 172 of the embodiment may be a color
filter pattern which exhibits blue color, or may be a trans-
parent material. Additionally, since the optical coating layer
150 (herein, a reflective material) covering the outer surface
of the bank structures 14041 can increase the light path of
blue light emitted from the blue light micro light-emitting
diodes 130a in the wavelength converting material 160, the
conversion efficiency of blue light can be increased. Also,
the combination of the optical coating layer 150 and the
wavelength converting material 160 can prevent lateral light
of the blue light micro light-emitting diodes 130a from
absorbing to reduce an amount of emitted-light of the blue
light micro light-emitting diodes 130a. In shott, the display
device 1004 of the embodiment may have a better optical
display performance.

[0043] FIG. 5 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 5, a display device 100¢ of the embodiment is similar
to the display device 100¢ of FIG. 3, and the difference
therebetween is that, the display device 100e of the embodi-
ment further includes a scattering material 165 disposed in
at least one of the accommodating regions C and covering at
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least the micro light-emitting diodes 130. Here, the scatter-
ing material 165 comprises titanium dioxide, for example,
and the purpose thereof is to adjust the light shape (light-
emitting angle) of the micro light-emitting diodes 130, or to
increase the light-emitting angle of the micro light-emitting
diodes 130.

[0044] FIG. 6 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 6, a display device 100/ of the embodiment is similar
to the display device 100c of FIG. 3, and the difference
therebetween is that, the micro light-emitting diodes of the
embodiment can emit light with the same color, such as the
blue light micro light-emitting diodes 130q. Furthermore,
accommodating regions C' of the embodiment include a
plurality of first accommodating regions C1 and a plurality
of second accommodating regions C2. The display device
100/ further includes the plurality of color filter patterns 172,
174 and 176, the scattering material 165 and the wavelength
converting material 160. The color filter patterns 172, 174
and 176 are disposed above the opposite substrate 120 and
have at least two different colors, such as blue, green or red.
It may also be transparent. For instance, the color filter
pattern 172 of the embodiment may be a color filter pattern
which exhibits blue color, or may be a transparent material.
The scattering material 165 is disposed in the first accom-
modating regions C1, and the wavelength converting mate-
rial 160 is disposed in the second accommodating regions
C2, wherein the scattering material 165 and the wavelength
converting material 160 cover the blue light micro light-
emitting diodes 130a. Here, the purpose of the scattering
material 165 is to adjust the light shape (light-emitting
angle) of the blue light micro light-emitting diodes 130a, or
to increase the light-emitting angle of the blue light micro
light-emitting diodes 130a. The wavelength converting
material 160 comprises phosphors or quantum dots, for
example. Blue light emitted from the blue light micro
light-emitting diodes 130a may enable the display device
100/ to have a high color saturation performance by the
wavelength converting material 160 and the color filter
patterns 174 and 176 with different colors (e.g., green and
red).

[0045] FIG. 7 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 7, a display device 100g of the embodiment is
similar to the display device 1004 of FIG. 4, and the
difference therebetween is that, the display device 100g of
the embodiment further includes a filter pattern layer 190
disposed above the opposite substrate 120 and having a
plurality of filter patterns 192, 194 and 196, wherein the
filter patterns 192, 194 and 196 are disposed corresponding
to the color filter patterns 172, 174 and 176 respectively.
Specifically, the filter pattern 192 is disposed between the
blue color filter pattern 172 and the blue light micro light-
emitting diodes 130a. the filter pattern 194 is disposed
between the green color filter pattern 174 and the blue light
micro light-emitting diodes 130a, and the filter pattern 196
is disposed between the red color filter pattern 176 and the
blue light micro light-emitting diodes 130a. The color filter
pattern 172 is disposed between the filter pattern 192 and the
opposite substrate 120, the color filter pattern 174 is dis-
posed between the filter pattern 194 and the opposite sub-
strate 120, and the color filter pattern 176 is disposed
between the filter pattern 196 and the opposite substrate 120.
The filter patterns of the embodiment may be band pass
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filters. Specifically, the filter patterns 192, 194 and 196 allow
light in a specific wavelength range to pass, and light in other
non-specific wavelength range will be reflected. For
instance, the filter pattern 192 allows blue light to penetrate,
the filter pattern 194 allows green light to penetrate, and the
filter pattern 196 allows red light to penetrate. When light in
a specific wavelength range passes the filter patterns 192,
194 and 196, and light in non-specific wavelength range is
reflected back to the wavelength converting material 160,
reflected light will excite the wavelength converting material
160 again such that excitation light will pass the filter
patterns 192, 194 and 196 again. Thereby, light conversion
ratio of the blue light micro light-emitting diodes 130a can
be improved, and the required thickness of the wavelength
converting material 160 can be reduced. In other embodi-
ments, the filter patterns 192, 194 and 196 may also be high
pass filters or low pass filters, and is not limited thereto.

[0046] FIG. 8A is a schematic cross-sectional view of a
display device according to another embodiment. FIG. 8B is
a schematic top view of a patterned reflective layer of FIG.
8A. Referring to FIG. 8A and FIG. 8B at the same time, a
display device 1004 of the embodiment is similar to the
display device 100d of FIG. 4, and the difference therebe-
tween is that, the display device 100/ of the embodiment
further includes a patterned reflective layer 210 disposed
above the opposite substrate 120 and having a plurality of
reflective patterns 212, wherein the color filter patterns 172,
174 and 176 are located between the patterned reflective
layer 210 and the opposite substrate 120. A distribution
density of the reflective patterns 212 changes with the color
filter patterns 172, 174 and 176 corresponding to different
colors. More specifically, the blue color filter pattern 172,
the green color filter pattern 174 and the red color filter
pattern 176 are located in a first sub-pixel region P1, a
second sub-pixel region P2 and a third sub-pixel region P3
respectively. The reflective patterns 212 reflect the blue light
emitted from the blue light micro light-emitting diodes 130a
back to the at least one of the accommodating regions C, and
the blue light will further be reflected towards the patterned
reflective layer 210. Regions around the reflective patterns
212 allow the blue light emitted from the blue light micro
light-emitting diodes 130a to pass through the patterned
reflective layer 210. The distribution density of the reflective
pattern 212 located in the third sub-pixel region P3 is more
than the distribution density of the reflective pattern 212
located in the second sub-pixel region P2, and the distribu-
tion density of the reflective pattern 212 located in the
second sub-pixel region P2 is more than the distribution
density of the reflective pattern 212 located in the first
sub-pixel region P1. That is to say, the distribution density
of the reflective pattern 212 gradually increases from the
blue color filter pattern 172 to the green color filter pattern
174 and the red color filter pattern 176. That is, blue light
emitted from the blue light micro light-emitting diodes 130a
has different light paths in different sub-pixel regions by the
distribution density of the reflective pattern 212, thereby
improving the optical display performance of the display
device 1004.

[0047] Additionally, referring to FIG. 8A, the patterned
reflective layer 210 of the embodiment specifically includes
a first patterned reflective layer 2104 and a second patterned
reflective layer 2105. The second patterned reflective layer
2105 is located between the first patterned reflective layer
210a¢ and the color filter patterns 172, 174 and 176. A
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material of the first patterned reflective layer 210a comprises
a metal material having a reflectivity more than 70%, such
as silver, aluminum or chromium, and a material of the
second patterned reflective layer 2105 comprises a light
absorbing material, such as chromium oxide, chromium
nitride, aluminum oxide or aluminum nitride, and is not
limited thereto. That is to say, the patterned reflective layer
210 of the embodiment is composed of a structural layer
stacked by a plurality of layers. However, in other embodi-
ments not shown, the patterned reflective layer may also be
a single-layer structural layer, and the material thereof
comprises, for example, a high reflectivity material of silver
layers or aluminum layers, which is still within the scope of
the embodiment. Here, the purpose of the first patterned
reflective layer 210a is to enable the blue light micro
light-emitting diodes 130a to be reflected so as to excite the
wavelength converting material 160 again, and the purpose
of the second patterned reflective layer 2105 is to prevent the
first patterned reflective layer 210e from irradiating by
external light directly which may cause a reduction of
contrast.

[0048] FIG. 9A is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 9A, a display device 100; of the embodiment is
similar to the display device 100/ of FIG. 6, and the
difference therebetween is that, the display device 100; of
the embodiment further includes a wavelength converting
enhancement layer 180 disposed between the color filter
patterns 174 and 176 and the wavelength converting mate-
rial 160, and between the color filter pattern 172 and the
scattering material 165, which can effectively improve light
conversion ratio of light emitted from the blue light micro
light-emitting diodes 130a.

[0049] FIG. 9B is a curve diagram illustrating a relation-
ship between wavelength and normalized light intensity of
the display device with the wavelength converting enhance-
ment layer 180 and without the wavelength enhancement
converting layer 180 of FIG. 9A. The curve T1 represents
the display device not provided with the wavelength con-
verting enhancement layer 180; while the curve T2 repre-
sents the display device 100; provided with the wavelength
converting enhancement layer 180. The curve T1 and the
curve T2 is a compared spectrogram which have been
normalized with blue light peak (wavelength of about 430
nm to 480 nm). As shown in FIG. 9B, the display device
1007 with the wavelength converting enhancement layer 180
can effectively improve the light conversion efficiency of
light emitted from the blue light micro light-emitting diodes
130a compared with the display device provided without the
wavelength converting enhancement layer 180.

[0050] It should be noted that, the wavelength converting
enhancement layer 180 of the embodiment may be the filter
pattern layer 190 in FIG. 7 or the patterned reflective layer
210 in FIG. 8A and FIG. 8B, for example. Definitely, the
wavelength converting enhancement layer 180 of the
embodiment may also be a microstructural layer 180a
comprised of a plurality of high reflectivity patterns 182 and
a plurality of low reflectivity patterns 184 in FIG. 9C,
wherein the light reflection path of the corresponding region
can be changed by the setting density of the high reflectivity
patterns 182 and the low reflectivity patterns 184. Specifi-
cally, since the high reflectivity patterns 182 is more likely
to reflect light than the low reflectivity patterns 184 in the
microstructural layer 180a. The microstructural layer 180a
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is similar to the patterned reflective layer 210 in FIG. 8A,
which can enable light emitted from the micro light-emitting
diode to have different light paths in different sub-pixel
regions by the distribution density of the high reflectivity
patterns 182, thereby improving the optical display perfor-
mance of the display device. Altermatively, the wavelength
converting enhancement layer 180 of the embodiment may
also be a microstructural layer 1805 doped with scattering
particles 186 in FIG. 9D, wherein the light reflection path of
the corresponding region can be changed by the distribution
density of the scattering particles 186. Specifically, light will
be scattered when meets the scattering particles 186, and
thus the microstructural layer 1805 enables light emitted
from the micro light-emitting diode to have different light
paths in different sub-pixel regions by the distribution den-
sity of the scattering particles 186, thereby improving the
optical display performance of the display device, wherein
the scattering particles 186 comprise titanium dioxide, for
example.

[0051] FIG. 10 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 10, a display device 100; of the embodiment is
similar to the display device 100i of FIG. 9A, and the
difference therebetween is that, the micro light-emitting
diodes of the embodiment can emit light with different
colors specifically, such as the blue light micro light-emit-
ting diodes 130a and the green light micro light-emitting
diodes 130b, wherein the green light micro light-emitting
diodes 1305 are located between the blue light micro light-
emitting diodes 130a. As shown in FIG. 10, the second
accommodating regions C2 corresponding to the red color
filter pattern 176 are disposed with the wavelength convert-
ing material 160, while the first accommodating regions C1
corresponding to the blue color filter pattern 172 and cor-
responding to the green color filter pattern 174 are disposed
with the scattering material 165. In the embodiment, the
color filter pattern 172 corresponding to blue and the color
filter pattern 174 corresponding to green may be color filter
patterns having color (e.g., blue and green), and may also be
a transparent material.

[0052] FIG. 11 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 11, a display device 100k of the embodiment is
similar to the display device 1002 of FIG. 2, and the
difference therebetween is that, the micro light-emitting
diodes of the embodiment can emit light with the same color
specifically, such as the blue light micro light-emitting
diodes 130a. A first bank portion 14251 disposed above the
array substrate 110 of the embodiment has a first bottom
surface 14151 relatively far away from the opposite sub-
strate 120, and a second bank portion 14451 disposed above
the opposite substrate 120 has a second bottom surface
14501 relatively far away from the array substrate 110,
wherein a width W1 of the first bottom surface 1415 is less
than a width W2 of the second bottom surface 14551, and is
not limited thereto. In other embodiments not shown, the
width W1 of the first bottom surface 14161 may also be
more than or equal to the width W2 of the second bottom
surface 145h1. As shown in FIG. 11, a width of the first bank
portion 14251 gradually decreases from the array substrate
110 to the opposite substrate 120, and a width of the second
bank portion 14451 gradually decreases from the opposite
substrate 120 to the array substrate 110. Thus, a necking
portion is formed at the junction of the first bank portion
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14251 and the second bank portion 14451. In other embodi-
ment, a discontinuous interface is formed at the necking
portion of the first bank portion 14251 and the second bank
portion 14451, and is not limited thereto.

[0053] Furthermore, the display device 100k of the
embodiment further includes a filler material 167, the wave-
length converting material 160, the plurality of color filter
patterns 172, 174 and 176 and the wavelength converting
enhancement layer 180. The filler material 167 is disposed
in at least one of the accommodating regions C around at
least one of the blue light micro light-emitting diodes 130a,
and exposing an upper surface 132 of at least one of the blue
light micro light-emitting diodes 130a relatively far away
from the array substrate 110. The wavelength converting
material 160 is disposed in at least one of the accommodat-
ing regions C, and covers at least the filler material 167 and
the upper surface 132 of at least one of the blue light micro
light-emitting diodes 130a. The color filter patterns 172, 174
and 176 are disposed above the opposite substrate 120 and
have at least two different colors, such as blue light, green
light or red light. It may also be transparent. The wavelength
converting enhancement layer 180 is disposed between the
color filter patterns 172, 174 and 176 and the wavelength
converting material 160. Here, the wavelength converting
enhancement layer 180 is the filter pattern layer 190 in FIG.
7, the patterned reflective layer 210 in FIG. 8A and FIG. 8B,
the microstructural layer 180a in FIG. 9C, or the micro-
structural layer 1805 in FIG. 9D. A material of the wave-
length converting enhancement layer 180 comprises tita-
nium dioxide or silicon dioxide, for example, and is not
limited thereto.

[0054] Since bank structures 14051 of the embodiment are
composed of the first bank portion 14251 and the second
bank portion 14451, wherein the design of the necking is
formed between the first bank portion 14261 and the second
bank portion 14451, re-reflection probability of light emitted
from the blue light micro light-emitting diodes 130a can be
effectively increased, thereby effectively improving the opti-
cal display performance of the overall display device 100%.
[0055] Additionally, the filler material 167 of the embodi-
ment is a scattering material or a light absorbing material,
for example, and the purpose thereof is to protect the
surroundings of the blue light micro light-emitting diodes
130a. The wavelength converting material 160 is phosphors
or quantum dots, for example.

[0056] FIG. 12 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 12, a display device 100m of the embodiment is
similar to the display device 100% of FIG. 11, and the
difference therebetween is that, a width of a first bank
portion 142562 of bank structures 14052 of the embodiment
gradually increases from the array substrate 110 to the
opposite substrate 120, and a width of a second bank portion
14452 gradually decreases from the opposite substrate 120
to the array substrate 110. Thus, a discontinuous interface is
formed at the junction of the first bank portion 14252 and the
second bank portion 14462.

[0057] FIG. 13 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 13, a display device 100z of the embodiment is
similar to the display device 100k of FIG. 11, and the
difference therebetween is that, a width of a first bank
portion 142563 of bank structures 140563 of the embodiment
gradually increases from the array substrate 110 to the
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opposite substrate 120, and a width of a second bank portion
14453 gradually increases from the opposite substrate 120 to
the array substrate 110. Thus, a discontinuous interface is
formed at the junction of the first bank portion 14253 and the
second bank portion 14453.

[0058] It should be mentioned that, although the optical
coating layer 150 is depicted in the embodiments of FIG. 3
to FIG. 13, the display device may not have the optical
coating layer in other embodiments not shown. That is to
say, the optical coating layer is a selective element layer, not
an essential element layer.

[0059] FIG. 14 is a schematic cross-sectional view of a
display device according to another embodiment. Referring
to FIG. 14, a display device 100p of the embodiment is
similar to the display device 100a of FIG. 1A, and the
difference therebetween is that, at least one of bank struc-
tures 140¢ includes a first bank structure 140c1 and a second
bank structure 140¢2. The first bank structure 140¢1 and the
second bank structure 140¢2 are disposed above the array
substrate 110, and the first bank structure 140¢1 and the
second bank structure 140¢2 have a first air gap G1 ther-
ebetween. Furthermore, the bank structures 140c and the
opposite substrate 120 have a second air gap G2 therebe-
tween. The opposite substrate 120 includes a plurality of
light absorbing patterns 122, and the light absorbing patterns
122 are located in the second air gap G2.

[0060] Specifically, the first bank structure 140c1 has a
first flat surface 141c¢ and a first inclined surface 143c¢
opposite to each other. The second bank structure 140¢2 has
a second flat surface 145¢ and a second inclined surface
147¢ opposite to each other. The first inclined surface 143¢
faces the second inclined surface 147¢. The first bank
structure 140c1 and the second bank structure 140c2 have
the first air gap G1 therebetween, and at least one of the light
absorbing patterns 122 is disposed corresponding to at least
one the first air gap G1. A width of the first bank structure
140c1 and a width of the second bank structure 140c2
gradually increase from the array substrate 110 to the
opposite substrate 120. More specifically, the first inclined
surface 143¢ and the array substrate 110 have a first included
angle A31 therebetween, and the second inclined surface
147¢ and the array substrate 110 have a second included
angle A32 therebetween. It should be noted that, the
included angle A31 and the included angle A32 represent the
angles outside the first bank structures 140c1 as shown in
FIG. 14. The first included angle A31 is equal to the second
included angle A32. In an embodiment, the first included
angle is more than or equal to 30 degrees and less than 90
degrees. In other embodiments, the first included angle A31
may not be equal to the second included angle A32, and is
not limited thereto.

[0061] Additionally, the display device 100p of the
embodiment further includes a protective layer 220 disposed
above the micro light-emitting diodes 130 and a top surface
142¢ of the bank structures 140c relatively far away from the
array substrate 110, which can effectively protect the micro
light-emitting diodes 130 from the invasion of moisture and
oxygen. Here, a material of the protective layer 220 includes
an organic material, an inorganic material or a combination
of an organic material and an inorganic material. As shown
in FIG. 14, the protective layer 220 of the embodiment is a
single-layer structural layer specifically. However, in other
embodiments not shown, the protective layer 220 may also
be a multi-layer structural layer, such as a stacked layer of
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silicon oxide or aluminum oxide and silicon nitride, or a
stacked layer of an inorganic material and an organic mate-
rial; however, it is not limited thereto.
[0062] Since the first bank structure 140¢1 and the second
bank structure 140¢2 of the embodiment have the first air
gap G1 therebetween, lights emitted from side walls of the
micro light-emitting diodes 130 can be totally reflected by
the structure design of the first bank structure 140c1 and the
second bank structure 140¢2, such as light beam L. Thus, a
higher portion of lights emitted from the side walls of the
micro light-emitting diodes 130 can be guided to be emitted
along a normal direction by total reflection. The light-
emitting efficiency can be increased, and the optical cross-
talk effects can be reduced.
[0063] It should be noted that, in other embodiments not
shown, the bank structures 14021, 14042, 14023, 140a4,
1405, 14051, 14052, 140563 and 140c, the opposite substrate
120, the optical coating layer 150, the wavelength convert-
ing material 160, the scattering material 165, the filler
material 167, the color filter patterns 172, 174 and 176, the
filter patterns 192, 194 and 196, the patterned reflective layer
210, the microstructural layers 180a and 1805 and the
protective layer 220 mentioned in the embodiments can also
be selected. The opposite substrate 120 might comprise a
plurality of black matrix between different filter patterns or
different color filter patterns to decrease an optical cross-talk
phenomenon, and is not limited thereto. In other embodi-
ments, the micro light-emitting diodes can be replaced
entirely or partially by organic light-emitting diodes
(OLED), liquid crystal (LC), quantum dot (QD) or other
display elements, and is not limited thereto. The display
device might also be a flexible display, a touch display, or a
curved display, and is not limited thereto. The aforesaid
components could be selected and combined according to
the actual requirements in order to achieve the desirable
technical effects.
[0064] In summary, since the display device of the
embodiment has the design of the bank structures, the
optical cross-talk phenomenon generated by the micro light-
emitting diodes arranged in an array on the array substrate
can be effectively reduced. Thereby, the optical display
performance of the display device of the embodiment can be
effectively improved.
[0065] Although the embodiment has been described, the
modifications may be made without departing from the spirit
of the embodiment. Accordingly, the scope of the embodi-
ment is defined by the attached claims not by the above
detailed descriptions.
What is claimed is:
1. A display device, comprising:
an array substrate;
an opposite substrate disposed opposite to the array
substrate;
a plurality of micro light-emitting diodes arranged in an
array on the array substrate;
a wavelength converting enhancement layer disposed
above the opposite substrate;
a color filter layer disposed above the opposite substrate
and having a plurality of color filter patterns; and
a plurality of bank structures located between the array
substrate and the opposite substrate, wherein the plu-
rality of micro light-emitting diodes are electrically
connected to the array substrate, the plurality of bank
structures form a plurality of accommodating regions,
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one of the plurality of micro light-emitting diodes is
located in one of the plurality of accommodating
regions, and a height of one of the plurality of bank
structures is more than or equal to a height of the one
of the plurality of micro light-emitting diodes.

2. The display device according to claim 1, wherein the
wavelength converting enhancement layer comprises a plu-
rality of filter patterns, and the plurality of filter patterns are
disposed corresponding to the plurality of color filter pat-
terns respectively, wherein the color filter layer is located
between the wavelength converting enhancement layer and
the opposite substrate.

3. The display device according to claim 1, wherein the
wavelength converting enhancement layer comprises a plu-
rality of reflective patterns, and the plurality of reflective
patterns are disposed corresponding to the plurality of color
filter patterns respectively, wherein the color filter layer is
located between the wavelength converting enhancement
layer and the opposite substrate, the plurality of color filter
patterns have at least two different colors, and a distribution
density of the plurality of reflective patterns changes with
the plurality of color filter patterns corresponding to differ-
ent colors.

4. The display device according to claim 1, wherein the
wavelength converting enhancement layer comprises a
microstructure comprising a plurality of high reflectivity
patterns and a plurality of low reflectivity patterns, or the
wavelength converting enhancement layer is doped with
scattering particles.

5. The display device according to claim 1, wherein one
of the plurality of bank structures comprises a first bank
portion and a second bank portion, the first bank portion has
a first bottom surface and a first side surface connected to the
first bottom surface, the first bottom surface is a surface of
the first bank portion adjacent to the array substrate, the
second bank portion has a second bottom surface and a
second side surface connected to the second bottom surface,
the second bottom surface is a surface of the second bank
portion away from the array substrate.

6. The display device according to claim 5, further com-
prising an optical coating layer disposed on a surface of the
one of the plurality of bank structures.

7. The display device according to claim 1, wherein one
of the plurality of bank structures comprises a first bank
structure and a second bank structure, the first bank structure
has a first flat surface and a first inclined surface opposite to
each other, the second bank structure has a second flat
surface and a second inclined surface opposite to each other,
the first inclined surface faces the second inclined surface, a
first air gap is formed between the first bank structure and
the second bank structure, a width of the first bank structure
and a width of the second bank structure gradually increase
from the array substrate to the opposite substrate, a first
included angle is formed between the first inclined surface
and the array substrate, a second included angle is formed
between the second inclined surface and the array substrate,
and the first included angle and the second included angle
are more than or equal to 30 degrees and less than 90
degrees.

8. The display device according to claim 7, further com-
prising an optical coating layer disposed on a surface of the
one of the plurality of bank structures.
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