FLEXIBLE DISPLAY PANEL

BACKGROUND
Field of Invention
[0001] The present disclosure relates to a display panel, and particularly relates

to a flexible display panel.

Description of Related Art

[0002] With the rapid development of electronic technology, electronic products
continue to introduce new ones. In recent years, due to the limitation of the size
and the structure of electronic devices, flexible and bendable display panels

have gradually attracted people's attention.

[0003] However, when the display panel is in a stretched state, the display
panel may be broken due to the stress generated by bending. If the stress is too
large, it is more likely to cause internal circuit breakage in severe cases.
Therefore, how to make the display panel provide structural stability and
bendability when facing bending stress, the related art really needs to be

improved.

SUMMARY
[0004] Some embodiments of the present disclosure provides a flexible display
panel, which includes a substrate, a plurality of hollow regions, a plurality of
display units, a plurality of wire structures, and a plurality of spacers. The

substrate includes a first surface and is defined as a plurality of island regions



separated from each other and a plurality of bridge regions respectively
connected to two adjacent of the plurality of island regions. Each of the plurality
of hollow regions is surrounded by four adjacent of the plurality of island regions
and four adjacent of the plurality of bridge regions. The plurality of display units
are respectively disposed on the plurality of island regions of the substrate. The
plurality of wire structures are respectively disposed on the plurality of bridge
regions of the substrate and electrically connected to the plurality of display
units. Each of the plurality of wire structures includes at least one wire layer
including at least one wire disposed on the first surface of the substrate. The
plurality of spacers are disposed on and in contact with the substrate, and
respectively surround the plurality of hollow regions, and separated from the

plurality of wire structures.

[0005] In some embodiments, the wire layer further includes a buffer layer
disposed on the first surface of the substrate, and the at least one wire is
disposed on the buffer layer, in which the buffer layer and the plurality of

spacers are separated from each other.

[0006] In some embodiments, each of the plurality of wire structures further
includes a protective layer covering the at least one wire, the buffer layer and a

portion of the substrate.

[0007] In some embodiments, the substrate is a flexible substrate, and the

plurality of spacers and the buffer layer are made of a same material.

[0008] In some embodiments, the plurality of spacers are made of an inorganic

material.



[0009] In some embodiments, a bottom corner of each of the plurality of spacers

adjacent to each of the plurality of hollow regions is an obtuse angle.

[0010] In some embodiments, the plurality of hollow regions are composed of a
plurality of first hollow regions and a plurality of second hollow regions, in which
each of the plurality of first hollow regions extends along a first direction, and
each of the plurality of second hollow regions extends along a second direction,
and the first direction is perpendicular to the second direction; the plurality of
first hollow regions and the plurality of second hollow regions are alternately

arranged along the first direction and along the second direction.

[0011] In some embodiments, each of the plurality of first hollow regions has
two opposite first arc regions and two opposite first sides, and the first arc
regions are respectively disposed at two ends of each of the plurality of first
hollow regions along the first direction, and the first sides are respectively
disposed between the first arc regions. A distance between each of the plurality
of spacers adjacent to the first sides of each of the plurality of first hollow
regions and each of the plurality of wire structures is smaller than a distance
between each of the plurality of spacers adjacent to the first arc regions of each

of the plurality of first hollow regions and each of the plurality of wire structures.

[0012] In some embodiments, each of the plurality of second hollow regions has
two opposite second arc regions and two opposite second sides, and the
second arc regions are respectively disposed at two ends of each of the
plurality of second hollow regions along the second direction, and the second
sides are respectively disposed between the second arc regions. A distance

between each of the plurality of spacers adjacent to the second sides of each of



the plurality of second hollow regions and each of the plurality of wire structures
is smaller than a distance between each of the plurality of spacers adjacent to
the second arc regions of each of the plurality of second hollow regions and

each of the plurality of wire structures.

[0013] In some embodiments, a number of the wire layer is a plurality of wire

layers, and the plurality of wire layers are stacked in sequence.

[0014] In some embodiments, each of the plurality of wire layers further includes
a buffer layer and a protective layer, and the at least one wire of each of the
plurality of wire layers is respectively disposed on each of the buffer layers, and
each of the protective layers respectively covers the at least one wire and each
of the buffer layers of each of the plurality of wire layers. The buffer layer
disposed on the first surface of the substrate and the plurality of spacers are

separated from each other.

[0015] In some embodiments, the substrate is a flexible substrate, and the
plurality of spacers and one of the buffer layers of the plurality of wire layers are

made of a same material.

[0016] In some embodiments, each of the plurality of wire structures further
includes at least one thin film transistor electrically connected to the at least one

wire.

[0017] In some embodiments, a number of the wire is a plurality of wires, and
the plurality of wires are disposed on the first surface of the substrate at

intervals in sequence.

[0018] In some embodiments, the display unit includes a light emitting diode

chip.



BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Various aspects of the present disclosure will be most easily understood
when the following detailed description is read in conjunction with the
accompanying drawings. It should be noted that according to industry standard
operating procedures, various characteristic structures may not be drawn to
scale. In fact, for clarity of discussion, the size of various characteristic
structures may be arbitrarily increased or decreased. In order to make the
above and other objectives, features, advantages and embodiments of the
present invention easier to understand, the accompanying drawings are

described as follows:

[0020] Fig. 1 is a top view of a flexible display panel according to some

embodiments of the disclosure.
[0021] Fig. 2 is a cross-sectional view of Fig. 1 along the line 2-2.

[0022] Fig. 3 is a cross-sectional view of a flexible display panel according to

other embodiments of the present disclosure.

[0023] Fig. 4 is a cross-sectional view of a flexible display panel with a plurality

of wire layers according to some embodiments of the present disclosure.

[0024] Fig. 5 is a cross-sectional view of a flexible display panel with a plurality

of wire layers according to other embodiments of the present disclosure.

[0025] Fig. 6 is a cross-sectional view of a flexible display panel with a plurality

of wire layers according to other embodiments of the disclosure.



[0026] Fig. 7 is a schematic diagram of a use state of a flexible display panel

according to some embodiments of the present disclosure.

[0027] Fig. 8 is a flowchart of a method of manufacturing a flexible display panel

according to some embodiments of the present disclosure.

[0028] Fig. 9 to Fig. 13 are schematic cross-sectional views of a method of
manufacturing a flexible display panel at various stages according to some

embodiments of the present disclosure.

DETAILED DESCRIPTION
[0029] In the drawings, the thickness of layers, films, panels, regions, etc., are
exaggerated for clarity. Throughout the specification, the same reference
numerals denote the same elements. It should be understood that when an
element such as a layer, film, region, or substrate is referred to as being “on” or
‘connected” to another element, it can be directly on or connected to the other
element, or an intermediate element may also be present. In contrast, when an
element is referred to as being "directly on" or "directly connected to" another
element, there is no intermediate element. As used herein, "connected to" can
refer to physical and/or electrical connection. Furthermore, "electrically
connected to" or "coupled to" means that there may be another element

between two elements.

[0030] As used herein, the term "about", "approximately”, or "substantially"
includes a stated value and an average value within an acceptable deviation
range of a specific value determined by a person of ordinary skill in the art,

taking into account the discussed measurement and the specific number of



errors associated with the measurement (i.e., the limitation of the measurement

system). For example, "about” can mean the stated value is within one or more

standard deviations, such as within £30%, +20%, +10%, *5%. Furthermore, the

term "about", "approximate" or "substantially" used herein can be based on
optical properties, etching properties or other properties to select a more
acceptable deviation range or standard deviation, and thus there may be more

than one standard deviation for all properties.

[0031] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by those
of ordinary skill in the art of the present invention. It will be further understood
that terms such as those defined in commonly used dictionaries should be
interpreted as having meanings consistent with their meanings in the related
technologies and the context of the present invention, and will not be interpreted
as idealized meaning or an overly formal meaning, unless explicitly defined as

such in this article.

[0032] Please refer to Figs. 1 and 2. Fig. 1 is a top view of a flexible display
panel according to some embodiments of the disclosure, and Fig. 2 is a
cross-sectional view of Fig. 1 along the line 2-2. Fig. 1 only illustrates a portion
of a flexible display panel 10, and other regions are arranged in a similar
manner and thus are not shown. The flexible display panel 10 includes a
substrate 100, a plurality of hollow regions 200, a plurality of display units 300, a

plurality of wire structures 400, and a plurality of spacers 500.

[0033] The substrate 100 is a flexible substrate with elasticity and ductility. In

other words, the substrate 100 can be stretched. In some embodiments, a



material of the substrate 100 includes, but is not limited to, polyimide (PI),
polyethylene naphthalate (PEN), and polyethylene terephthalate (PET),
polycarbonates (PC), polyether sulfone (PES), polyarylate, or a combination

thereof.

[0034] The substrate 100 includes a first surface 102 and a second surface 104
opposite to the first surface 102. Specifically, the first surface 102 is an upward
side, and the second surface 104 is a downward side. The substrate 100 is
defined as a plurality of island regions 110 and a plurality of bridge regions 120.
The island regions 110 are separated from each other, and the bridge region
120 connects two adjacent of the island regions 110. In some embodiments, the

island regions 110 are distributed in an array.

[0035] The hollow region 200 is surrounded by four adjacent island regions 110
and four adjacent bridge regions 120. It can also be understood that a plurality
of portions of the substrate 100 are removed, and therefore, a plurality of
grooves are formed on the substrate 100, that is, the hollow region 200 is
formed. The hollow region 200 is composed of a plurality of first hollow regions
210 and a plurality of second hollow regions 220, in which the first hollow region
210 extends along a first direction D1, and the second hollow region 220
extends along a second direction D2, and the first direction D1 is perpendicular
to the second direction D2. The first hollow region 210 and the second hollow
region 220 are alternately arranged along the first direction D1 and along the

second direction D2.

[0036] In some embodiments, each of the first hollow regions 210 has two

opposite first arc regions 212 and two opposite first sides 214, and the first arc



regions 212 are respectively disposed at two ends of the first hollow region 210
along the first direction D1, and the two first sides 214 are respectively disposed
between the two first arc regions 212. In some embodiments, the second hollow
region 220 has two opposite second arc regions 222 and two opposite second
sides 224, and the two second arc regions 222 are respectively disposed at two
ends of the second hollow region 220 along the second direction D2, and the
two second sides 224 are respectively disposed between the two second arc
regions 222. Specifically, the first hollow region 210 extends along the first
direction D1 and is surrounded by the first arc region 212, the first side 214, the
first arc region 212, and the first side 214 in sequence. The second hollow
region 220 extends along the second direction D2 and is surrounded by the
second arc region 222, the second side 224, the second arc region 222, and the

second side 224 in sequence.

[0037] In some embodiments, the first hollow region 210 extends along the first
direction D1, and the second hollow region 220 extends along the second
direction D2. The first hollow region 210 and the second hollow region 220 are
sequentially spaced along the first direction D1, and the first hollow region 210
and the second hollow region 220 are also sequentially spaced along the
second direction D2. Specifically, the first arc region 212 of the first hollow
region 210 is adjacent to the second side 224 of the second hollow region 220,
and there is a bridge region 120 between the first arc region 212 and the
second side 224. The second arc region 222 of the second hollow region 220 is
adjacent to the first side 214 of the first hollow region 210, and there is a bridge

region 120 between the second arc region 222 and the first side 214.



[0038] The display units 300 are disposed on the island regions 110 of the
substrate 100, respectively. The display unit 300 includes a light emitting diode
chip 310, which is only exemplarily drawn in the upper left side in Fig. 1 to make
the drawing easy to understand. The light emitting diode chip 310 includes, but
is not limited to, quantum dot light emitting diodes (QLED) chips, micro light
emitting diode (micro LED) chips, sub-millimeter light emitting diode (mini LED)

chips, organic light emitting diode (OLED), etc.

[0039] The wire structures 400 are respectively disposed on the bridge regions
120 of the substrate 100, and the wire structures 400 are electrically connected
to the display units 300. In some embodiments, the wire structure 400 includes
a wire layer 410, and the wire layer 410 includes a wire 412 and a protective
layer 414, and the wire 412 is disposed on the first surface 102 of the substrate
100. In some embodiments, the number of the wire 412 may be one or more.
When there are a plurality of wires 412, the wires 412 are arranged on the first
surface 102 of the substrate 100 at intervals. A material of the wire 412
includes, but is not limited to, titanium/aluminum/titanium (Ti/Al/Ti), aluminum,
copper, silver, or alloys thereof. In some embodiments, the protective layer 414
covers the wires 412 and a portion of the first surface 102 of the substrate 100.
A material of the protective layer 414 includes, but is not limited to, an organic
material such as acrylic, polyimide, polyester, or a combination thereof. The
protective layer 414 is mainly used to protect the wire 412 and adjust the stress

so that the wire 412 does not break.

[0040] The spacer 500 is disposed on and in contact with the first surface 102 of

the substrate 100, and the spacers 500 respectively surround the hollow

10



regions 200, and the spacer 500 is separated from the wire structure 400.
Specifically, the spacer 500 is directly disposed on the first surface 102 of the
substrate 100 and surrounds an outer edge of the hollow region 200. In some
embodiments, a bottom corner 510 of the spacer 500 adjacent to the hollow
region 200 is an obtuse angle. Specifically, taking the first surface 102 of the
substrate 100 as a horizontal plane, there is the obtuse angle between an
inclined surface of the bottom corner 510 of the spacer 500 and the horizontal
plane, and an angle 81 is about 105° to about 170°, such as 110°, 120°, 130°,
140°, 150°, 160°, or any value between any two of these values. Taking the
second surface 104 of the substrate 100 as a horizontal plane, a top corner 130
of the substrate 100 adjacent to the spacer 500 is also an obtuse angle, and an
angle 62 is about 105° to about 170° such as 110° 120° 130° 140° 150°,
160°, or any value between any two of these values. The reason why the
bottom corner 510 of the spacer 500 is the obtuse angle and the top corner 130
of the substrate 100 adjacent to the spacer 500 is the obtuse angle is due to the
special structure created when the substrate 100 is etched by dry etching. In
some embodiments, a material of the spacer 500 is an inorganic material
including, but not limited to, silicon dioxide, silicon nitride, titanium dioxide,
tantalum pentoxide (Ta20s) or a combination thereof. In some embodiments, in
a cross-sectional view, a width E of a top of each of the spacers 500 (i.e.,
before being etched) is between about 1 um and about 10 um, for example,
about 2 ym, about 3 uym, about 4 ym, about 5 ym, about 6 pym, about 7 um,
about 8 ym, about 9 ym, or any value between any two of these values. The
width E of each of the spacers 500 mainly provides the width E sufficient to

prevent over etching during the mask 600 patterning, and further to affect the

11



etching of the substrate 100. The pattern of the substrate 100 is defined by the
mask 600. Therefore, in the cross-sectional view, the bottom corner 510 of the
spacer 500 after etching is the obtuse angle, and the top corner 130 of the

substrate 100 adjacent to the spacer 500 is also the obtuse angle.

[0041] In some embodiments, a distance L1 between the spacer 500 adjacent
to the first side 214 of the first hollow region 210 and the wire structure 400 is
smaller than a distance L2 between the spacer 500 adjacent to the first arc
region 212 of the first hollow region 210 and the wire structure 400. Specifically,
the distance L1 is the shortest distance between the spacer 500 adjacel23nt to
the first side 214 of the first hollow region 210 and the wire structure 400; the
distance L2 is at least the closest distance between the spacer 500 located at
an arc top P1 of the first arc region 212 and the wire structure 400. In some
embodiments, a distance L3 between the spacer 500 adjacent to the second
side 224 of the second hollow region 220 and the wire structure 400 is smaller
than a distance L4 between the spacer 500 adjacent to the second arc region
222 of the second hollow region 220 and the wire structure 400. Specifically, the
distance L3 is the shortest distance between the spacer 500 adjacent to the
second side 224 of the second hollow region 220 and the wire structure 400;
the distance L4 is least the closest distance between the spacer 500 located at
an arc top P2 of the second arc region 222 and the wire structure 400. When
the flexible display panel 10 is bent and stretched, the regions that will bear the
strongest stress are the first arc region 212 and the second arc region 222, so
the distance L2 and the distance L4 need to be designed to be larger than the
distance L1 and the distance L3. In some embodiments, the distance L1, the

distance L2, the distance L3, and the distance L4 are designed for different

12



bending stress depending on location of the wire structure 400. For example,
when the wire structure 400 is located in the center between the spacer 500
adjacent to the first side 214 and the spacer 500 adjacent to the first arc region
212, the distance L1 is equal to the distance L2 and the distance L3 is equal to

the distance L4 (figure not shown).

[0042] Please refer to Fig. 3. Fig. 3 is a cross-sectional view of a flexible display
panel 10" according to other embodiments of the present disclosure. The
difference between Fig. 3 and Fig. 2 is that the wire layer 410 of the wire
structure 400 further includes a buffer layer 416 disposed on the first surface
102 of the substrate 100, and the wire 412 is disposed on the buffer layer 416.
The buffer layer 416 and the spacer 500 are separated from and not connected
to each other. The protective layer 414 covers the wire 412, the buffer layer 416
and a portion of the substrate 100. The protective layer 414 is mainly used to
protect the wire 412 and adjust the stress so that the wire 412 does not break,
and the buffer layer 416 is used to improve the deposition and crystallization

quality of other layers.

[0043] In some embodiments, the spacer 500 and the buffer layer 416 are made
of a same material, which is an inorganic material including, but not limited to,
silicon dioxide, silicon nitride, titanium dioxide, tantalum pentoxide (Taz0s) or a
combination thereof. That is, the spacer 500 may be formed together with the
buffer layer 416, and the spacer 500 and the buffer layer 416 are then
separated by etching. As such, when the spacer 500 is stressed and fractured,
the crack will not extend to the buffer layer 416 of the wire structure 400 and

damage the conductive function of the wire 412 thereon.
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[0044] Please refer to Fig. 4. Fig. 4 is a cross-sectional view of a flexible display
panel 10" with a plurality of wire layers according to some embodiments of the
present disclosure. The difference between Fig. 4 and Fig. 2 is that there are a
plurality of wire layers 410 stacked in sequence. In some embodiments, the wire
layer 410 includes wires 412 and a protective layer 414, and the wires 412 of
the lowermost wire layer 410 are disposed on the substrate 100, and the
protective layer 414 covers the wires 412; the wires 412 of the upper wire layer
410 are disposed on the protective layer 414 of the lowermost wire layer 410,
and the protective layer 414 of the upper wire layer 410 covers the wires 412 of
the upper wire layer 410; the uppermost protective layer 414 is stacked in
sequence. The number of the wire layers 410 can be increased or decreased
according to requirements, and the number of the layers on both sides can be
the same (e.g., as shown in in Fig. 4, there are three layers on the left side and

three layers on the right side) or different.

[0045] Please refer to Fig. 5. Fig. 5 is a cross-sectional view of a flexible display
panel 10™ with a plurality of wire layers according to other embodiments of the
present disclosure. The difference between Fig. 5 and Fig. 3 is that there are a
plurality of wire layers 410 stacked in sequence. In some embodiments, the wire
layer 410 includes wires 412, a protective layer 414 and a buffer layer 416, and
the wires 412 are disposed on the buffer layer 416, and the protective layer 414
covers the wires 412 and the buffer layer 416. In some embodiments, the buffer
layer 416 disposed on the first surface 102 of the substrate 100 and the spacer
500 are separated from each other. In some embodiments, the substrate 100 is
a flexible substrate, and the spacer 500 and one of the buffer layers 416 of the

wire layers 410 are made of a same material. That is, the spacer 500 may be
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formed together with any of the buffer layers 416, and the spacer 500 and the
buffer layer 416 are then separated by etching. The number of the wire layers
410 can be increased or decreased according to requirements, and the number
of the layers on both sides can be different (e.g., as shown in Fig. 5, there is

one layer on the left side and three layers on the right side) or the same.

[0046] Please refer to Fig. 6. Fig. 6 is a cross-sectional view of a flexible display
panel 10" with a plurality of wire layers according to other embodiments of the
disclosure. The difference between Fig. 6 and Fig. 5 is that the wire structure
400 further includes a gate insulator (Gl) 420, an interlayer dielectric (ILD) layer
430, and a thin film transistor 440. The thin film transistor 440 is disposed on
the buffer layer 416 and includes a gate 442, a source 444, a drain 446, and a
channel layer 448, but it is not limited thereto. In some embodiments, the wire
structure 400 includes the buffer layer 416, the gate insulator 420 and the
interlayer dielectric layer 430 sequentially disposed from bottom to top. The
gate 442 is disposed on the gate insulator 420 and is embedded by the
interlayer dielectric layer 430. The source 444 and the drain 446 are separately
disposed on the interlayer dielectric layer 430 and covered by the protective
layer 414. The channel layer 448 is disposed on the buffer layer 416 and is
covered by the gate insulator 420, and the source 444 and the drain 446 are
electrically connected to the channel layer 448. In some embodiments, a wire
layer 410a including a gate insulator 420, an interlayer dielectric layer 430, and
a thin film transistor 440 is disposed on the first surface 102 of the substrate
100, and a wire layer 410b is disposed on the protective layer 414 of the wire
layer 410a, and a wire layer 410c is disposed on the protective layer 414 of the

wire layer 410b. The wire 412a of the wire layer 410a is a source 444 or a drain
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446, and the wire 412b of the wire layer 410b is electrically connected to the
wire 412a, and the wire 412c of the wire layer 410c is electrically connected to

the wire 412b.

[0047] Fig. 7 is a schematic diagram of a use state of a flexible display panel
according to some embodiments of the present disclosure. When the flexible
display panel 10 is stretched by forces in different directions, such as the force
F1, the force F2, the force F3, and the force F4 perpendicular to each other in
sequence, it can be seen that the bridge region 120 of the substrate 100
receives the greatest stress and thus is bent and stretched, as shown on the
right side of Fig. 7. At this time, since the spacer 500 is isolated from the wire
structure 400, even if the spacer 500 is broken due to stress, it only reaches the
spacer 500 itself, and does not break and extend to the wire structure 400.
Since the substrate 100 is the flexible substrate, it can withstand bending and

stretching caused by the stress.

[0048] Fig. 8 is a flowchart of a method of manufacturing a flexible display panel
according to some embodiments of the present disclosure. The method 900
starts at step S911 that a carrier substrate is provided. The method 900 then
proceeds to step S912 that a substrate 100 is formed on the carrier substrate,
which defines a plurality of island regions 110 and a plurality of bridge regions
120. The method 900 then proceeds to step S913 that an initial buffer layer is
formed on the substrate 100. The method 900 then proceeds to step S914 that
a wire 412 is formed on the initial buffer layer of the bridge region 120. The
method 900 then proceeds to step S915 that a portion of the initial buffer layer

Is removed to form a spacer 500 and a buffer layer 416. The method 900 then
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proceeds to step S916 that a protective layer 414 is formed covering the wire
412, the buffer layer 416, and a portion of the substrate 100. The method 900
then proceeds to step S917 that a display unit 300 is formed in the island region
110. The method 900 then proceeds to step S918 that a mask 600 is deposited
covering the spacer 500, the protective layer 414, a portion of the substrate 100
and the display unit 300, and an uncovered portion of the substrate 100 is a
region to be etched. The method 900 then proceeds to step S919 that the
uncovered portion of the substrate 100 is etched to form a plurality of hollow
regions 200 and expose the carrier substrate. The method 900 then proceeds to
step S920 that the mask 600 is removed. Finally, the method 900 proceeds to
step S921 that the carrier substrate is removed, and the flexible display panel

100 is obtained.

[0049] Please refer to Fig. 9. Fig. 9 to Fig. 13 are schematic cross-sectional
views of a method of manufacturing a flexible display panel at various stages
according to some embodiments of the present disclosure. Figs. 9 to 13 only
illustrate part of the steps for the bridge region 120 located in the substrate 100,
and the manufacturing process of the island region 110 of the substrate 100 is
omitted and not shown. Fig. 9 is drawn according to step S916 of Fig. 8. In step
S916, the protective layer 414 is formed covering the wire 412, the buffer layer

416, and the portion of the substrate 100.

[0050] Figs. 9 to 11 are drawn according to step S918 of Fig. 8. In step S918,
the mask 600 is deposited covering the spacer 500, the protective layer 414,
and the portion of the substrate 100, and the uncovered portion of the substrate

100 is a region to be etched. Specifically, since the substrate 100 is the flexible
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substrate and made of polyimide, a hard mask is required as an etching method
for patterning the polyimide. This is because it is considered that if the hard
mask material is made of silicon oxide or silicon nitride, the structure of the
display unit 300 may be damaged when etched using hydrofluoric acid (HF),
and the same problem will occur even if dry etching is used. Therefore, the hard
mask of the present disclosure selects metal oxide as the mask 600 (e.qg.,
indium gallium zinc oxide (IGZO), indium tin zinc oxide (1ZTO), etc.) to cover the
spacer 500, the protective layer 414 and the substrate 100 (as shown in Fig.
10). Next, photolithography (PR) is used to define the region to be etched, and
the mask 600 is etched using oxalic acid (as shown in Fig. 11) to form a
patterned mask 600 (as shown in Fig. 12). However, since sizing may occur
during oxalic acid etching, the spacer 500 is selected as a barrier layer to be
disposed on and in contact with the substrate 100 and surrounding the hollow
region 200 (as shown in Fig. 13) to avoid the problem of sizing caused by too
fast etching rate of the mask 600 on the polyimide, and thus to effectively
control the etching size. In some embodiments, the mask 600 covers the spacer
500, and a side 601 of the mask 600 is aligned or coplanar with a side 501 of
the spacer 500 to facilitate subsequent improvement of the etching accuracy. In
some embodiments, the method of forming or depositing the mask 600 may
include, but is not limited to, chemical vapor deposition, physical vapor
deposition, plasma-enhanced chemical vapor deposition (PECVD), atomic layer
deposition, electroplating or other suitable processes and/or a combination

thereof.

[0051] Fig. 12 is drawn according to step S919 and step S920 of Fig. 8. In step

S919, the uncovered portion of the substrate 100 is etched to form the hollow
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regions 200 and expose the carrier substrate; in step S920, the mask 600 is
removed. Specifically, the patterned mask 600 is used as a barrier layer to
define the etched region of the substrate 100, and the substrate 100 is etched
by dry etching. At the same time, the bottom corner 510 of the etched spacer
500 adjacent to of the hollow region 200 forms the obtuse angle, and the top
corner 130 of the substrate 100 adjacent to the spacer 500 also forms the

obtuse angle.

[0052] In some embodiments of the present disclosure, the flexible display
panel is provided, and the spacer is disposed on and in contact with the
substrate and surrounding the hollow region to avoid the problem of difficult

control of the mask etching rate and thus to control the etching size.

[0053] Although the present disclosure has been disclosed in the above
embodiments, it is not intended to limit the present disclosure. Anyone familiar
with this technique can make various changes and modifications without
departing from the spirit and scope of the present disclosure. The scope of
protection of the present disclosure shall be subject to the scope of appended

claims.
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WHAT IS CLAIMED IS:

1. Aflexible display panel, comprising:

a substrate, comprising a first surface and defined as:

a plurality of island regions separated from each other; and

a plurality of bridge regions respectively connected to two adjacent of the plurality of
island regions;

a plurality of hollow regions, each of the plurality of hollow regions surrounded by four
adjacent of the plurality of island regions and four adjacent of the plurality of bridge regions;

a plurality of display units respectively disposed on the plurality of island regions of the
substrate;

a plurality of wire structures respectively disposed on the plurality of bridge regions of
the substrate and electrically connected to the plurality of display units, wherein each of the
plurality of wire structures comprises at least one wire layer, and the at least one wire layer
comprises:

at least one wire disposed on the first surface of the substrate; and

a plurality of spacers disposed on and in contact with the first surface of the substrate,
respectively surrounding an outer edge of each of the plurality of hollow regions, and

separated from the wire structures.

2. The flexible display panel of claim 1, wherein the at least one wire layer further
comprises a buffer layer disposed on the first surface of the substrate, and the at least one
wire is disposed on the buffer layer,

wherein the buffer layer and the plurality of spacers are separated from each other.
3. The flexible display panel of claim 2, wherein each of the plurality of wire structures
further comprises a protective layer covering the at least one wire, the buffer layer, and a

portion of the substrate.

4. The flexible display panel of claim 2, wherein the substrate is a flexible substrate,

and the plurality of spacers and the buffer layer are made of a same material.
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5. The flexible display panel of claim 4, wherein the plurality of spacers are made of an

inorganic material.

6. The flexible display panel of claim 1, wherein a bottom corner of each of the plurality

of spacers adjacent to each of the plurality of hollow regions is an obtuse angle.

7. The flexible display panel of claim 1, wherein the plurality of hollow regions are
composed of a plurality of first hollow regions and a plurality of second hollow regions, wherein
each of the plurality of first hollow regions extends along a first direction, and each of the
plurality of second hollow regions extends along a second direction, and the first direction is
perpendicular to the second direction; the plurality of first hollow regions and the plurality of
second hollow regions are alternately arranged along the first direction and along the second

direction.

8. The flexible display panel of claim 7, wherein each of the plurality of first hollow
regions has two opposite first arc regions and two opposite first sides, and the first arc regions
are respectively disposed at two ends of each of the plurality of first hollow regions along the
first direction, and the first sides are respectively disposed between the first arc regions;

wherein a distance between each of the plurality of spacers adjacent to the first sides
of each of the plurality of first hollow regions and each of the plurality of wire structures is
smaller than a distance between each of the plurality of spacers adjacent to the first arc regions

of each of the plurality of first hollow regions and each of the plurality of wire structures.

9. The flexible display panel of claim 7, wherein each of the plurality of second hollow
regions has two opposite second arc regions and two opposite second sides, and the second
arc regions are respectively disposed at two ends of each of the plurality of second hollow
regions along the second direction, and the second sides are respectively disposed between
the second arc regions;

wherein a distance between each of the plurality of spacers adjacent to the second

sides of each of the plurality of second hollow regions and each of the plurality of wire
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structures is smaller than a distance between each of the plurality of spacers adjacent to the
second arc regions of each of the plurality of second hollow regions and each of the plurality

of wire structures.

10. The flexible display panel of claim 1, wherein a number of the at least one wire

layer is a plurality of wire layers, and the plurality of wire layers are stacked in sequence.

11. The flexible display panel of claim 10,

wherein each of the plurality of wire layers further comprises a buffer layer and a
protective layer, and the at least one wire of each of the plurality of wire layers is respectively
disposed on each of the buffer layers, and each of the protective layers respectively covers
the at least one wire and each of the buffer layers of each of the plurality of wire layers,

wherein the buffer layer disposed on the first surface of the substrate and the plurality

of spacers are separated from each other.

12. The flexible display panel of claim 11, wherein the substrate is a flexible substrate,
and the plurality of spacers and one of the buffer layers of the plurality of wire layers are made

of a same material.

13. The flexible display panel of claim 1, wherein each of the plurality of wire structures

further comprises at least one thin film transistor electrically connected to the at least one wire.
14. The flexible display panel of claim 1, wherein a number of the at least one wire is
a plurality of wires, and the plurality wires are disposed on the first surface of the substrate at

intervals in sequence.

15. The flexible display panel of claim 1, wherein the display unit comprises a light

emitting diode chip.

22



	1021010266 DESCRIPTION.pdf
	1021010266 CLEAN CLAIMS.pdf

