DISPLAY DEVICE AND MANUFACTURING METHOD THEREOF

BACKGROUND

Technological Field

[0001] The disclosure relates to a display device and a manufacturing method thereof, and
particularly, to a display device with improved flexibility and display quality and a

manufacturing method thereof.

Description of Related Art

[0002] Compared with other display technologies, Micro-LED displays have the advantages
of power saving, high efficiency, high brightness, and fast response time. Currently, in the
manufacturing process of a Micro-LED display, mass transfer technology is adopted to
transport a large number of Micro-LED dies onto the substrate due to the extremely small size
of Micro-LEDs. The mass transfer yield still needs to be improved, and the LED dies with
multiple types of color light need to undergo mass transfer process much more times, so all
LED dies with the same color light can obtain relatively high mass transfer yield. In this case,
a color conversion layer is required to convert the light emitted by the LED dies into light of
different colors to provide a full-color display effect.

[0003] At present, in the configuration method of the color conversion layer, first banks are
disposed between the micro-LED dies to define the position of the color conversion layer, and
then the color conversion layer is formed between the banks and covers the micro-LED dies.

In addition, due to the extremely small gap of the micro-LEDs, the high reflectivity of the banks



may also solve the problem of lateral light mixing between sub-pixels. However, the rigid
banks and the color conversion layer are not flexible, so cracks occur during the production of
the flexible micro-LED display, causing display abnormalities. In addition, the banks with
high reflectivity still have transmittance of about 10%. Therefore, there is still a problem of

poor display quality caused by color shift due to light mixing.

SUMMARY

[0004] The disclosure provides a display device with improved flexibility and display quality.
[0005] Inanembodiment of the disclosure, a display device is provided. The display device
includes a circuit substrate, multiple light-emitting elements, a color conversion layer, and a
bank. The light-emitting elements are disposed on the circuit substrate and electrically
connected to the circuit substrate, respectively. The color conversion layer is disposed on a
first light-emitting element of the light-emitting elements. The bank is disposed between the
light-emitting elements, and there is a gap between the bank and the color conversion layer.
[0006] In an embodiment of the disclosure, the gap is greater than 0.1 pum.

[0007] Inan embodiment of the disclosure, no color conversion layer is disposed on a second
light-emitting element of the light-emitting elements.

[0008] In an embodiment of the disclosure, a gap between the banks on both sides of the
second light-emitting element is less than a gap between the banks on both sides of the first
light-emitting element.

[0009] In an embodiment of the disclosure, the second light-emitting elements are evenly

distributed.



[0010] In an embodiment of the disclosure, the color conversion layer is a photoresistive
color conversion layer.

[0011] In an embodiment of the disclosure, an angle between a sidewall of the color
conversion layer and a surface of the circuit substrate is less than 90 degrees.

[0012] In an embodiment of the disclosure, the display device further includes a light
extraction layer disposed on the color conversion layer.

[0013] In an embodiment of the disclosure, a refractive index of the light extraction layer
ranges from 1 to 1.8.

[0014] In an embodiment of the disclosure, the light extraction layer includes a microlens
structure.

[0015] In an embodiment of the disclosure, the bank has a continuous or discontinuous strip
shape.

[0016] In an embodiment of the disclosure, a manufacturing method of a display device is
provided. The manufacturing method includes steps as follows. A circuit substrate is
provided. Multiple light-emitting elements are formed on the circuit substrate, and the light-
emitting elements are electrically connected to the circuit substrate, respectively. A color
conversion layer is formed on a first light-emitting element of the light-emitting elements. A
bank is formed between the light-emitting elements, and there is a gap between the bank and
the color conversion layer.

[0017] In an embodiment of the disclosure, the step of forming the light-emitting elements

on the circuit substrate is performed by a mass transfer process.



[0018] Inan embodiment of the disclosure, the step of forming the color conversion layer on
the first light-emitting element of the light-emitting elements is performed by a thin film
deposition process, a lithography process, and an etching process.

[0019] In order to make the features and advantages of the disclosure comprehensible,

embodiments accompanied with drawings are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1A is a schematic top view of part of a display device 10 according to an
embodiment of the disclosure.

[0021] FIG. 1B is a schematic cross-sectional view taken along the section line A-A’ of FIG.
1A.

[0022] FIG. 1C is an enlarged schematic view of the area | of the display device 10 of FIG.
1B.

[0023] FIG. 2A to FIG. 2B are cross-sectional schematic views of the step flow of the
manufacturing method of the display device 10 according to an embodiment of the disclosure.
[0024] FIG. 3 is a schematic top view of part of a display device 30 according to an
embodiment of the disclosure.

[0025] FIG. 4 is a schematic top view of part of a display device 40 according to an
embodiment of the disclosure.

[0026] FIG. 5 is a schematic top view of part of a display device 50 according to an
embodiment of the disclosure.

[0027] FIG. 6 is a schematic top view of part of a display device 60 according to an

embodiment of the disclosure.



DESCRIPTION OF THE EMBODIMENTS

[0028] In the drawings, thicknesses of layers, films, panels, regions, etc., are enlarged for
clarity. Throughout the specification, the same reference numerals denote the same elements.
It should be understood that when a device such as a layer, film, region, or substrate is referred
to as being “on”, or “connected to” another device, it may be directly on or connected to another
device, or intervening devices may also be present. In contrast, when a device is referred to
as being “directly on” or “directly connected to” another device, no intervening devices are
present. As used herein, the term “connection” may refer to physical connection and/or
electrical connection.  Furthermore, “electrically connection” may encompass the presence of
other devices between two devices.

[0029] It should be understood that the terms such as “first”, “second”, “third”, and the like
in this specification may be used for describing various elements, components, areas, layers,
and/or parts, but the elements, components, areas, layers, and/or parts are not limited by such
terms. The terms are only used to distinguish one element, component, area, layer, or part
from another element, component, area, layer, or part. Therefore, a “first component”, “first
element”, “first region”, “first layer”, or “first part” discussed below may be referred to as a
second element, second component, second region, second layer, or second part without
departing from the teachings herein.

[0030] The term “about”, “similar”, “essentially”, or ‘“‘substantially” as used herein is
inclusive of the stated value and means within an acceptable range of deviation for the particular

value as determined by people having ordinary skill in the art, considering the measurement in



question and the error associated with measurement of the particular quantity (i.e., the
limitations of the measurement system). For example, “about” may mean within one or more
standard deviations or, within +30%, +20%, +10%, or +5% of the stated value. Furthermore,
a relatively acceptable range of deviation or standard deviation may be chosen for the term
“about”, “similar”, “essentially”, or “substantially” as used herein based on measurement
properties, cutting properties, or other properties, instead of applying one standard deviation
across all the properties.

[0031] FIG. 1A is a schematic top view of part of a display device 10 according to an
embodiment of the disclosure. FIG. 1B is a schematic cross-sectional view taken along the
section line A-A’ of FIG. 1A. FIG. 1C is an enlarged schematic view of the area | of the
display device 10 of FIG. 1B. For a concise illustration of the drawings, the detailed structures
of a circuit substrate 110 and a light-emitting element 120 in FIG. 1C are omitted in FIG. 1A
and FIG. 1B.

[0032] Referring to FIG. 1A to FIG. 1C altogether, the display device 10 includes the circuit
substrate 110; multiple light-emitting elements 120 are disposed on the circuit substrate 110
and are electrically connected to the circuit substrate 110 respectively; a color conversion layer
130 is disposed on a light-emitting element 121 and a light-emitting element 122 of the light-
emitting elements 120; and a bank 140 is disposed between the light-emitting elements 120.
There is the gap D1 between the bank 140 and the color conversion layer 130.

[0033] Inthe display device 10 of an embodiment of the disclosure, with the gap D1 between

the bank 140 and the color conversion layer 130, the angle where light is emitted from the color



conversion layer 130 may be shifted to the direction perpendicular to the circuit substrate 110,
thereby reducing the ratio of light penetrating the bank 140 in the lateral direction.
Accordingly, the possibility of light mixing may be reduced, and the gap D1 may further
provide a space for stress release when the display device 10 is bent.

[0034] With reference to FIG. 1A to FIG. 1C, the implementation of each element of the
display device 10 is illustrated in the subsequent paragraphs, but the disclosure is not limited
thereto.

[0035] Referringto FIG. 1C, in the display device 10 of the embodiment, the circuit substrate
110 may include a flexible substrate 112 and a driving circuit layer 114, for example. The
flexible substrate 112 of the circuit substrate 110 may be a transparent substrate or a non-
transparent substrate, and the material may be polyimide (PI), polycarbonate (PC), polyester
(PET), cyclic olefin copolymer (COC), and metallocene-based cyclic olefin copolymer
(mCOC), but the disclosure is not limited thereto. The driving circuit layer 114 may include
apad P1 and a pad P2, and the pad P1 and the pad P2 may be electrically connected to the light-
emitting element 120. The pad P1 and the pad P2 may have a single-layer structure or a
structure with multiple stacked conductive layers. For example, the pad P1 and the pad P2
may include metals, such as aluminum, molybdenum, titanium, copper and may include a
structure of the stacked oxide layers, such as indium tin oxide (ITO), indium zinc oxide (1Z0),
indium gallium zinc oxide (1GZO), or other suitable conductive oxide layers, but the disclosure
IS not limited thereto.

[0036] In some embodiments, the driving circuit layer 114 may also include elements or



circuits required by the display device 10, for example driving elements, switching elements,
storage capacitors, power lines, driving signal lines, timing signal lines, current compensation
lines, detection signal lines, and the like. A thin film deposition process, a lithography process,
and an etching process may be used to form the driving circuit layer 114, for example, the
driving circuit layer 114 may include an active device array, the active device array may include
multiple active devices T disposed in an array, and the active device T may be electrically
connected to the pad P1 or the pad P2.  Specifically, the driving circuit layer 114 may include
an active device T, a buffer layer 11, a gate insulating layer 12, an interlayer insulating layer 13,
a planarization layer 14, the pad P1, and the pad P2. The active device T may include a
semiconductor layer CH, a gate GE, a source SE, and a drain DE. The region where the
semiconductor layer CH is overlapped with the gate GE may be regarded as a channel region
of the active device T. The gate insulating layer 12 is disposed between the gate GE and the
semiconductor layer CH, and the interlayer insulating layer 13 is disposed between the source
SE and the gate GE and between the drain DE and the gate GE. The gate GE and the source
SE each may receive signals from a driving element, for example, and the drain DE may be
electrically connected to the pad P1 through a through hole in the planarization layer 14.  When
the gate GE receives the signal and the active device T is turned on, the signal received by the
source SE may be transmitted to the pad P1 through the drain DE. In other embodiments, the
driving circuit layer 114 may also include more insulating layers and conductive layers as
required.

[0037] For example, the material of the semiconductor layer CH may include silicon



semiconductor materials (e.g., polysilicon, amorphous silicon, and the like), oxide
semiconductor materials, and organic semiconductor materials. The materials of the gate GE,
the source SE, and the drain DE may include metals with good conductivity. For example,
the metals include aluminum, molybdenum, titanium, copper, or a stacked metal layer thereof,
but the disclosure is not limited thereto. The materials of the buffer layer 11, the gate
insulating layer 12, and the interlayer insulating layer 13 may include transparent insulating
materials, such as silicon oxide, silicon nitride, silicon oxynitride, or a stacked layer thereof,
but the disclosure is not limited thereto.  The material of the planarization layer 14 may include
transparent insulating materials, such as organic materials, acrylic materials, siloxane materials,
polyimide materials, epoxy materials, and the like, but the disclosure is not limited thereto.
The buffer layer 11, the gate insulating layer 12, the interlayer insulating layer 13, and the
planarization layer 14 each may also have a single-layer structure or a multi-layer structure.
For example, the multi-layer structure is a stacked layer of any two or more layers of the
insulating materials.

[0038] Inthe embodiment, each light-emitting element 120 may include a first electrode E1,
a second electrode E2, and a light-emitting stack SS, and the first electrode E1 and the second
electrode E2 are electrically connected to different layers in the light-emitting stack SS,
respectively. The light-emitting stack SS may include two semiconductor layers and a light-
emitting layer sandwiched between the two semiconductor layers. The first electrode E1 may
be electrically connected to one of the two semiconductor layers, and the second electrode E2

may be electrically connected to the other semiconductor layer. The materials of the first



electrode E1 and the second electrode E2 may include nitrides of metals, alloys, and metallic
materials, oxides of metallic materials, oxynitrides of metallic materials, other suitable
materials, or a stacked layer of metallic materials and other conductive materials or other low-
resistance materials.

[0039] For example, the light-emitting stack SS may include a first type semiconductor layer
S1, a second type semiconductor layer S2, and a light-emitting layer EL sandwiched between
the first type semiconductor layer S1 and the second type semiconductor layer S2.  One of the
first type semiconductor layer S1 and the second type semiconductor layer S2 may be an N-
type doped semiconductor, and the other may be a P-type doped semiconductor. In addition,
the first type semiconductor layer S1 and the second type semiconductor layer S2 may include
I1-VI group materials (e.g., zinc selenium (ZnSe)), 111-V nitride materials (e.g., gallium nitride
(GaN), gallium arsenide, indium nitride (InN), indium gallium nitride (InGaN), aluminum
gallium nitride (AlGaN), aluminum indium gallium nitride (AliInGaN)), or aluminum gallium
indium phosphide (AlGalnP). For example, in the embodiment, the first type semiconductor
layer S1 is an N-type doped semiconductor layer, for example, and the material of the N-type
doped semiconductor layer is N-type gallium nitride (n-GaN), for example. The second-type
semiconductor layer S2 is a P-type doped semiconductor layer, for example, and the material
of the P-type doped semiconductor layer is P-type gallium nitride (p-GaN), for example, but
the disclosure is not limited thereto. Moreover, the structure of the light-emitting layer EL is
a MQW (MQW) structure, for example, and the MQW structure may include alternately

stacked multiple layers of indium gallium nitride (InGaN) and multiple layers of gallium nitride
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(GaN). With the ratio design of indium or gallium in the light-emitting layer EL, the light
emitting wavelength range of the light-emitting layer may also be adjusted, but the disclosure
Is not limited thereto.

[0040] After being manufactured on a growth substrate (e.g., a sapphire substrate), the light-
emitting element 120 may be transferred to the circuit substrate 110 through a mass transfer
process. The first electrode E1 may be electrically connected to the pad P1, and the second
electrode E2 may be electrically connected to the pad P2. In some embodiments, solder,
conductive glue, or other conductive materials may be included between the first electrode E1
and the pad P1 and between the second electrode E2 and the pad P2.

[0041] Referring to both FIG. 1A and FIG. 1B, in the embodiment, the light-emitting element
120 may include light-emitting elements 121, 122, and 123. Moreover, the light-emitting
elements 121, 122, and 123 may all be blue light-emitting diodes, that is, the light-emitting
elements 121, 122, and 123 all emit blue light, but the disclosure is not limited thereto. To
provide a full-color image display, color conversion layers 131 and 132 are disposed on the
light-emitting elements 121 and 122, respectively. For example, the color conversion layer
131 may convert the blue light emitted by the light-emitting element 121 into red light, and the
color conversion layer 132 may convert the blue light emitted by the light-emitting element 122
into green light, so that the light-emitting elements 121, 122, and 123 may constitute a pixel of
the display device 10. Therefore, in the embodiment, the color conversion layer 130 may
include color conversion layers 131 and 132, and the color conversion layer 130 may not be

disposed on the light-emitting element 123. In some embodiments, an optical layer that
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facilitates the light-emitting element 123 to emit light may be disposed on the light-emitting
element 123.

[0042] In some embodiments, the light-emitting elements 121, 122, and 123 may not all be
blue light-emitting diodes. For example, in some embodiments, the light-emitting elements
121 and 123 may both be blue light-emitting diodes, and the light-emitting element 122 may
be green light-emitting diodes.  Accordingly, the color conversion layer 131 may be disposed
only on the light-emitting element 121, and the color conversion layer 132 is not required to be
disposed on the light-emitting element 122.

[0043] Generally speaking, the color conversion layer 130 may include phosphors, quantum
dots (QD), or similar wavelength conversion materials, such as silicates, silicon nitrides,
sulfides, quantum dots, or garnets, so that the light emitted by the light-emitting element 120 is
converted into light with a desired color. For example, in the embodiment, the color
conversion layers 131 and 132 may be photoresistive color conversion layers, and the color
conversion layers 131 and 132 may each include a photoresist matrix and phosphors containing
different activators. Accordingly, the activator in the phosphor of the color conversion layer
131 may be excited by the blue energy from the light-emitting element 121 to release red light,
and the activator in the phosphor of the color conversion layer 132 may be excited by the blue
energy from the light-emitting element 122 to release green light.

[0044] In the embodiment, the bank 140 may include multiple strip structures, each of the
strip structures may have a continuous strip shape extending along the direction Y, and the strip

structures of the bank 140 may be disposed along the direction X. In the direction X, there
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may be the gap D1 between the bank 140 and the color conversion layer 130. Accordingly,
when the display device 10 is bent in the direction X, the gap D1 may provide additional
compression and expansion space and meanwhile contribute to the buffer and the release of
bending stress. In the embodiment, the gap D1 may be greater than about 0.1 pum, such as 0.3
pum, 2.0 pm, or 5 um, but the disclosure is not limited thereto.

[0045] In some embodiments, the strip structures of the bank 140 may extend along the
direction X and are disposed along the direction Y, and there may be a gap in the direction Y
between the bank 140 and the color conversion layer 130 to facilitate the bending of the display
device 10 in direction Y.

[0046] Inthe embodiment, there may be a gap Da between the banks 140 on both sides of the
light-emitting element 121, there may be a gap Db between the banks 140 on both sides of the
light-emitting element 122, and there may be a gap Dc between the banks 140 on both sides of
the light-emitting element 123.  Since the color conversion layer 130 is not required on the
light-emitting element 123, the gap Dc may be less than the gap Da or the gap Db, so that the
light-emitting element 123 may be closer to the bank 140 than the light-emitting elements 121
and 122 and provide higher brightness of the light than the light-emitting elements 121 and 122.
Accordingly, the light-emitting element 123 may provide a brightness similar to that of the
light-emitting elements 121 and 122 at a lower operating voltage than the light-emitting
elements 121 and 122, so that the operating power of the light-emitting element 123 may be
reduced, thereby further generating energy-saving effects.

[0047] In the subsequent paragraphs, other embodiments of the disclosure are further
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illustrated with reference to FIG. 2A to FIG. 6, reference numerals and relevant content of the
elements of the embodiments of FIG. 1A to FIG. 1C are used in the illustration, the same
reference numerals are used to denote the same or similar elements, and the illustration of the
same technical content is omitted. For the omitted illustration, refer to the embodiments of
FIG. 1A to FIG. 1C, which is not repeated hereinafter.

[0048] FIG. 2A to FIG. 2B are cross-sectional schematic views of the step flow of the
manufacturing method of the display device 10 according to an embodiment of the disclosure.
First, referring to FIG. 2A, the circuit substrate 110 is provided. Inthe embodiment, the circuit
substrate 110 may include the flexible substrate 112 and the driving circuit layer 114 as shown
in FIG. 1C, and the driving circuit layer 114 including, for example, the active device T, the
buffer layer 11, the gate insulating layer 12, the interlayer insulating layer 13, the planarization
layer 14, and the pad P1, and the pad P2 may be formed by a thin film deposition process, a
photolithography process, and an etching process. Then, the light-emitting elements 120 may
be transferred to the circuit substrate 110 by a mass transfer process, the light-emitting elements
120 may include light-emitting elements 121, 122, and 123 that are all blue light-emitting
diodes, and the first electrodes E1 and the second electrodes E2 of the light-emitting elements
121, 122, and 123 may be electrically connected to the pad P1 and the pad P2 of the circuit
substrate 110, respectively, as shown in FIG. 1C. In addition, the light-emitting elements 121,
122, and 123 may be manufactured on a growth substrate (e.g., a sapphire substrate) by an
epitaxial process before undergoing a mass transfer process.

[0049] Next, referring to FIG. 2B, the color conversion layer 130 is formed on the light-
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emitting elements 121 and 122 of the light-emitting elements 121, 122, and 123. For example,
in the embodiment, the photoresist color conversion layers 131 and 132 may be formed on the
light-emitting elements 121 and 122 by a thin film deposition process, a lithography process,
and an etching process, respectively, and the color conversion layer 130 may include color
conversion layers 131 and 132. For example, the color conversion layer 131 may convert the
blue light emitted by the light-emitting element 121 into red light, and the color conversion
layer 132 may convert the blue light emitted by the light-emitting element 122 into green light,
so that the light-emitting elements 121, 122, and 123 may form a pixel of the display device 10.
[0050] Then, the bank 140 is formed between the light-emitting elements 121, 122, and 123
by a thin film deposition process, a lithography process, and an etching process, the display
device 10 as shown in FIG. 1B may be formed, and there may be the gap D1 between the bank
140 and the color conversion layer 130. Due to the process limit of the lithography process,
the gap D1 may be greater than 0.1 pm, such as 0.3 um, 2.0 pm, or 5 um, but it is not limited
thereto.

[0051] FIG. 3 is a schematic top view of part of a display device 30 according to an
embodiment of the disclosure. The display device 30 may include the circuit substrate 110,
multiple light-emitting elements 120 (including the light-emitting elements 121, 122, and 123),
the color conversion layer 130 (including color conversion layers 131 and 132), and a bank
140C.

[0052] Compared with the display device 10 shown in FIG. 1A to FIG. 1C, the display device

30 shown in FIG. 3 is different in that the bank 140C of the display device 40 may further
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include multiple short strip structure disposed between the light-emitting elements 121, 122,
and 123, each of the short strip structures may extend along the direction Y, and the short strip
structures may be disposed along the direction X and the direction Y, so that the short strip
structures in the same column may have a discontinuous long strip shape. Accordingly, the
bank 140C is discontinuous in both the direction X and the direction Y, so that when the display
device 10 is bent in the direction X or the direction Y, additional compression and expansion
spaces may be disposed between the multiple short strip structures of the bank 140C, and
thereby contributing to the buffer and the release of bending stress in the direction X and the
direction Y.

[0053] FIG. 4 is a schematic top view of part of a display device 40 according to an
embodiment of the disclosure. The display device 40 includes the circuit substrate 110, the
light-emitting elements 120 (including the light-emitting elements 121, 122, and 123), the color
conversion layer 130 (including the color conversion layers 131 and 132), and the bank 140.
Compared with the display device 10 shown in FIG. 1A to FIG. 1C, the display device 40 shown
in FIG. 4 is different in that the light-emitting elements 123 of the display device 40 are evenly
distributed.

[0054] Forexample, in the embodiment, in one group of the light-emitting elements 121, 122,
and 123 in the top row, the light-emitting element 123 is disposed on the leftmost side; in one
group of light-emitting elements 121, 122, and 123 in the middle row, the light-emitting element
123 is disposed between the light-emitting elements 121 and 122; and in one group of the light-

emitting elements 121, 122, and 123 in the bottom, the light-emitting element 123 is disposed
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at the rightmost side.  Since the color conversion layer 130 is not required to be disposed on
the light-emitting element 123, the gap between the bank 140 on both sides of the light-emitting
element 123 may provide a larger space for the buffer and the release of the compression than
the gap between the bank 140 on both sides of the color conversion layer 131 or the bank 140
on both sides of the color conversion layer 132. Therefore, evenly distributing the light-
emitting elements 123 may also contribute to improving the bending performance of the display
device 40.

[0055] FIG. 5 is a schematic top view of part of a display device 50 according to an
embodiment of the disclosure. The display device 50 includes the circuit substrate 110, the
light-emitting elements 120 (including the light-emitting elements 121, 122, and 123), the color
conversion layer 130 (including the color conversion layers 131 and 132), and the bank 140.
Compared with the display device 10 shown in FIG. 1A to FIG. 1C, the display device 50 shown
in FIG. 5 is different in that the display device 50 further includes a light extraction layer TR
on the color conversion layers 131 and 132.

[0056] In the embodiment, the refractive index of the light extraction layer TR may be
between the refractive index of the color conversion layer 130 and the refractive index of air,
for example, ranging from 1 to 1.8, so as to help improve the forward light extraction efficiency
and meanwhile reduce the ratio of lateral light emission and effectively suppress light mixing.
[0057] In some embodiments, the light extraction layer TR may further include a microlens
structure, which may be a lens structure with a center thickness greater than an edge thickness,

such as a symmetric biconvex lens, an asymmetric biconvex lens, a plano-convex lens, or a
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meniscus lens. The microlens structure may improve the light collimation, so that the light
leakage and light mixing problems caused by scattered light or refracted light may be improved,
thereby improving the light extraction effect.

[0058] FIG. 6 is a schematic top view of part of a display device 60 according to an
embodiment of the disclosure. The display device 60 includes the circuit substrate 110, the
light-emitting elements 120 (including light-emitting elements 121, 122, and 123), a color
conversion layer 130F (including color conversion layers 131F and 132F), and the bank 140.
[0059] Compared with the display device 10 shown in FIG. 1A to FIG. 1C, the display device
60 shown in FIG. 6 is different in that an angle a between a sidewall BW of the color conversion
layer 130F of the display device 60 and a surface 111 of the circuit substrate 110 may be less
than 90 degrees.  Accordingly, the angle where light is emitted from the color conversion layer
130F may be further shifted to the direction perpendicular to the circuit substrate 110, thereby
reducing the ratio of light penetrating the bank 140 in the lateral direction, thereby improving
the forward light emission efficiency.

[0060] In summary, in the display device of the disclosure, with the gap between the bank
and the color conversion layer, the angle where light is emitted from the color conversion layer
may be shifted to the direction perpendicular to the circuit substrate, thereby reducing the ratio
of light penetrating the bank in the lateral direction. Accordingly, the possibility of light
mixing may be reduced, thereby improving the display quality, and the gap may also provide a
space for stress release when the display device is bent, thereby improving the flexibility of the

display device.
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[0061] Although the disclosure has been described with reference to the above embodiments,
they are not intended to limit the disclosure. It will be apparent to one of ordinary skill in the
art that modifications and changes to the described embodiments may be made without
departing from the spirit and the scope of the disclosure. Accordingly, the scope of the
disclosure will be defined by the attached claims and their equivalents and not by the above

detailed descriptions.
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CLAIMS

WHAT IS CLAIMED IS:

[Claim 1]

A display device comprising:

a circuit substrate;

light-emitting elements disposed on the circuit substrate and electrically connected to the
circuit substrate, respectively;

a color conversion layer disposed on a first light-emitting element of the light-emitting
elements; and

a bank comprising multiple strip structures extending along a first direction and arranged
along a second direction intersecting the first direction, wherein a first strip structure of the
multiple strip structures is disposed between the first light-emitting element and a second light-
emitting element of the light-emitting elements, and there is a gap between the first strip
structure and the color conversion layer,

wherein no color conversion layer is disposed on the second light-emitting element, and
a gap between the first strip structure and a second strip structure of the multiple strip structures
disposed respectively on two opposite sides of the second light-emitting element is less than a
gap between the first strip structure and a third strip structure of the multiple strip structures

disposed respectively on two opposite sides of the first light-emitting element.

[Claim 2]
The display device according to claim 1, wherein the gap between the first strip structure

and the color conversion layer is greater than 0.1 pum.

[Claim 3]

The display device according to claim 1, wherein there are multiple second light-emitting
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elements, and the second light-emitting elements are evenly distributed.

[Claim 4]
The display device according to claim 1, wherein the color conversion layer is a

photoresistive color conversion layer.

[Claim 5]
The display device according to claim 1, wherein an angle between a sidewall of the color

conversion layer and a surface of the circuit substrate is less than 90 degrees.

[Claim 6]
The display device according to claim 1, further comprising a light extraction layer

disposed on the color conversion layer.

[Claim 7]
The display device according to claim 6, wherein a refractive index of the light extraction

layer ranges from 1 to 1.8.

[Claim 8]
The display device according to claim 6, wherein the light extraction layer comprises a

microlens structure.

[Claim 9]
A manufacturing method of a display device, comprising:
providing a circuit substrate;

forming light-emitting elements on the circuit substrate, wherein the light-emitting
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elements are electrically connected to the circuit substrate, respectively;

forming a color conversion layer on a first light-emitting element of the light-emitting
elements; and

forming a bank comprising multiple strip structures extending along a first direction and
arranged along a second direction intersecting the first direction, wherein a first strip structure
of the multiple strip structures is disposed between the first light-emitting element and a second
light-emitting element of the light-emitting elements, and there is a gap between the first strip
structure and the color conversion layer,

wherein no color conversion layer is disposed on the second light-emitting element, and
a gap between the first strip structure and a second strip structure of the multiple strip structures
disposed respectively on two opposite sides of the second light-emitting element is less than a
gap between the first strip structure and a third strip structure of the multiple strip structures

disposed respectively on two opposite sides of the first light-emitting element.

[Claim 10]
The manufacturing method according to claim 9, wherein the gap between the first strip

structure and the color conversion layer is greater than 0.1 pm.

[Claim 11]
The manufacturing method according to claim 9, wherein the color conversion layer is a

photoresistive color conversion layer.

[Claim 12]
The manufacturing method according to claim 9, wherein the step of forming the light-

emitting elements on the circuit substrate is performed by a mass transfer process.
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[Claim 13]
The manufacturing method according to claim 9, wherein the step of forming the color
conversion layer on the first light-emitting element of the light-emitting elements is performed

by a thin film deposition process, a lithography process, and an etching process.
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