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(57) ABSTRACT

A flexible display panel and a flexible display apparatus are
provided. The flexible display panel comprises a flexible
substrate, an organic light-emitting layer disposed on a side
of the flexible substrate and having a first side facing the
flexible substrate and an opposing side, and a thin-film-
encapsulation layer disposed on the opposing side of the
organic light-emitting layer and including at least one
organic encapsulation layer and at least one inorganic encap-
sulation layer. The flexible display panel includes at least
one bending area. The at least one organic encapsulation
layer has a first side facing the flexible substrate and an
opposing side. In the at least one bending area, at least one
groove is formed on the opposing side of the at least one
organic encapsulation layer. A bottom width W of the at least
one groove is configured to

be W= R.
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FLEXIBLE DISPLAY PANEL, FABRICATION
METHOD, AND FLEXIBLE DISPLAY
APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
Patent Application No. CN201611238279.2, filed on Dec.
28, 2016, the entire contents of which are incorporated
herein by reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to the
display technology and, more particularly, relates to a flex-
ible display panel, a fabrication method for the flexible
display panel, and a flexible display apparatus.

BACKGROUND

[0003] Emerging flexible display technology has gained a
lot of attention. When bending an existing flexible display
panel, due to the thickness of the flexible display panel, a
substantially large bending stress is generated in the flexible
display panel. The substantially large bending stress easily
causes cracks or even breakage in the bending area of the
display panel.

[0004] The disclosed flexible display panel, fabrication
method for the flexible display panel, and flexible display
apparatus are directed to solve one or more problems set
forth above and other problems.

BRIEF SUMMARY OF THE DISCLOSURE

[0005] One aspect of the present disclosure provides a
flexible display panel. The flexible display panel comprises
a flexible substrate, an organic light-emitting layer disposed
on a side of the flexible substrate and having a first side
facing the flexible substrate and an opposing side, and a
thin-film-encapsulation layer disposed on the opposing side
of the organic light-emitting layer and including at least one
organic encapsulation layer and at least one inorganic encap-
sulation layer. The flexible display panel includes at least
one bending area. The at least one organic encapsulation
layer has a first side facing the flexible substrate and an
opposing side. The at least one inorganic encapsulation layer
has a first side facing the flexible substrate and an opposing
side. In the at least one bending area, at least one groove is
formed on the opposing side of the at least one organic
encapsulation layer. A bottom width W of the at least one
groove is configured to be

12

W=
= T3oo"

R,

where n is a maximum bending angle of the at least one
bending area, 0°<n=180°, and R is a bending radius of the
at least one bending area.

[0006] Another aspect of the present disclosure provides a
flexible display apparatus comprising the disclosed flexible
display panel.

[0007] Another aspect of the present disclosure provides a
fabrication method for the flexible display panel. The fab-
rication method comprises providing a flexible substrate,
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forming an organic light-emitting layer having a first side
facing the flexible substrate and an opposing side on a side
of the flexible substrate, and forming a thin-film-encapsu-
lation layer on the opposing side of the organic light-
emitting layer. The thin-film-encapsulation layer includes at
least one organic encapsulation layer and at least one inor-
ganic encapsulation layer. The flexible display panel
includes at least one bending area. At least one groove is
formed on the opposing side of the at least one organic
encapsulation layer in the at least one bending area. A
bottom width W of the at least one groove is configured to

W R
= T80

here n is a maximum bending angle of the at least one
bending area, 0°<n=<180°, and R is a bending radius of the
at least one bending area.

[0008] Other aspects of the present disclosure can be
understood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
disclosure.

[0010] FIG. 1A illustrates a cross-sectional view of an
existing display panel;

[0011] FIG. 1B illustrates a cross-sectional view of an
exemplary flexible display panel according to the disclosed
embodiments;

[0012] FIG. 1C illustrates a cross-sectional view of an
exemplary bent flexible display panel according to the
disclosed embodiments;

[0013] FIG. 1D illustrates a cross-sectional view of
another exemplary bent flexible display panel according to
the disclosed embodiments;

[0014] FIG. 2A illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments;

[0015] FIG. 2B illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments;

[0016] FIG. 2C illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments;

[0017] FIG. 3A illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments;

[0018] FIG. 3B illustrates a top view of another exemplary
flexible display panel according to the disclosed embodi-
ments;

[0019] FIG. 4A illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments;

[0020] FIG. 4B illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments;

[0021] FIG. 4C illustrates a top view of another exemplary
flexible display panel according to the disclosed embodi-
ments;
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[0022] FIG. 4D illustrates a top view of another exemplary
flexible display panel according to the disclosed embodi-
ments;

[0023] FIG. 5illustrates a schematic view of an exemplary
display apparatus according to the disclosed embodiments;
[0024] FIG. 6A illustrates a flow chart of an exemplary
flexible display panel fabrication method according to the
disclosed embodiments;

[0025] FIG. 6B illustrates cross-sectional views of an
exemplary flexible display panel corresponding to each step
of an exemplary fabrication method according to the dis-
closed embodiments;

[0026] FIG. 6C illustrates a flow chart of another exem-
plary flexible display panel fabrication method according to
the disclosed embodiments; and

[0027] FIG. 6D illustrates a flow chart of another exem-
plary flexible display panel fabrication method according to
the disclosed embodiments.

DETAILED DESCRIPTION

[0028] Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts. It should be understood that
the exemplary embodiments described herein are only
intended to illustrate and explain the present invention and
not to limit the present invention. In addition, it should also
be noted that, for ease of description, only part, but not all,
of the structures associated with the present invention are
shown in the accompanying drawings. All other embodi-
ments obtained by those skilled in the art without making
creative work are within the scope of the present invention.
[0029] The present disclosure will now be described in
detail with reference to the accompanying drawings. When
illustrating the embodiments of the present disclosure, cet-
tain areas of the schematic views of the device structures
may be disproportionally enlarged for the convenience of
illustration. In addition, the three-dimensional sizes includ-
ing the length, width, and depth should be included in the
actual implementation of the present disclosure.

[0030] FIG. 1A illustrates a cross-sectional view of an
existing display panel. As shown in FIG. 1, the existing
display panel often includes a substrate 100, a thin-film-
transistor layer 200 disposed on the substrate 100, an organic
light-emitting layer 300 disposed on the thin-film-transistor
layer 200, a thin-film-encapsulation layer 400 disposed on
the organic light-emitting layer 300, a polarization layer 500
disposed on the thin-film-encapsulation layer 400, and a
coverage window disposed on the polarization layer 500.
[0031] The thin-film-encapsulation layer 400 includes a
first encapsulation sub-layer 420 and a second encapsulation
sub-layer 440. The first encapsulation sub-layer 420 is
formed by an organic insulation material. The second encap-
sulation sub-layer 440 is formed by a resin material. A
portion of the second encapsulation sub-layer 440 in a
bending area is removed for reducing the bending stress.
However, when bending the flexible display panel, the
bending stress tends to concentrate in the areas 600 and,
thus, the bending stress in the bending area may not be
effectively reduced. Further, the removal of the portion of
the second encapsulation sub-layer 440 in the bending area
may significantly degrade the encapsulation of the thin-film-
encapsulation layer 400.
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[0032] The present disclosure provides an improved flex-
ible display panel. The flexible display panel may comprise
a flexible substrate, an organic light-emitting layer disposed
on a side of the flexible substrate and having a first side
facing the flexible substrate and an opposing side, and a
thin-film-encapsulation layer disposed on the opposing side
of the organic light-emitting layer. The thin-film-encapsu-
lation layer may include at least one organic encapsulation
layer and at least one inorganic encapsulation layer. The
organic encapsulation layer may have a first side facing the
organic light-emitting layer and an opposing side. The
flexible display panel may include at least one bending area,
where at least one groove may be formed on the opposing
side of at least one organic encapsulation layer. A width W
at the bottom (i.e., the bottom width) of the groove may be
configured to be

W R,

12
[ p—
= 180"

where n is a maximum bending angle of the bending area,
0°<n=180°, and R is a bending radius of the bending area.
[0033] FIG. 1B illustrates a cross-sectional view of an
exemplary flexible display panel according to the disclosed
embodiments. As shown in FIG. 1B, the flexible display
panel may include a flexible substrate 11, an organic light-
emitting layer 12 disposed on a side of the flexible substrate
11 and having a first side facing the flexible substrate and an
opposing side, and a thin-film-encapsulation layer 13 dis-
posed on the opposing side of the organic light-emitting
layer 12. The thin-film-encapsulation layer 13 may include
an inorganic encapsulation layer 131 and an organic encap-
sulation layer 132, The organic encapsulation layer 132 may
have a first side facing the organic light-emitting layer 12
and an opposing side.

[0034] The flexible display panel may include at least one
bending area S. The organic encapsulation layer 132 in the
bending area S may be formed with at least one groove 14
on the opposing side. The bottom width W of the groove 14
may be configured to

W R,

n
[ —
= 500"

where n is a maximum bending angle of the bending area,
0°<n=180°, and R is a bending radius of the bending area.

[0035] In the disclosed embodiments, because at least one
organic encapsulation layer in the bending area S may be
formed with at least one groove 14 on the opposing side, the
thickness of the flexible display panel at the bending area S
may be reduced and, accordingly, the bending stress gener-
ated in the bending area S of the flexible display panel may
be reduced. Moreover, when the bottom width W of the
groove 14 is configured to

n

W=
* 50

7R,

the bending stress generated in the bending area S of the
flexible display panel may not concentrate at the groove 14,



US 2017/0229674 Al

the intensity of the bending stress may be reduced, and
certain portion of the bending stress in the groove 14 may be
relieved.

[0036] In addition, the disclosed flexible display panel
may reduce the bending stress by reducing the thickness of
certain sub-layers of the thin-film-encapsulation layer,
instead of completely removing certain sub-layers of the
thin-film-encapsulation layer in the existing flexible display
panel. Thus, the bending stress in the bending area may still
be effectively reduced and, meanwhile, ambient moisture
and oxygen may be effectively prevented from entering the
organic light-emitting layer through the thin-film-encapsu-
lation layer, thereby ensuring the encapsulation of the thin-
film-encapsulation layer.

[0037] As shown in FIG. 1B, the thin-film-encapsulation
layer 13 may include one inorganic encapsulation layer 131
and one organic encapsulation layer 132, which is for
illustrative purposes and is not intended to limit the scope of
the present disclosure. In another embodiment, the number
of the inorganic encapsulation layers and the number of the
organic encapsulation layers each may be configured to be
greater than 1.

[0038] Referring to FIG. 1B, the organic light-emitting
layer 12 may include a plurality of organic light-emitting
devices arranged in array. The organic light-emitting device
may include any appropriate organic light-emitting devices.
In one embodiment, the organic light-emitting device may
include a first electrode, an organic light-emitting layer, and
a second electrode, which are stacked sequentially. A thin-
film-transistor layer may be disposed between the organic
light-emitting layer 12 and the flexible substrate 11. The
thin-film-transistor layer may include a plurality of thin-
film-transistors, storage capacitors, data lines, gate lines,
power supply voltage lines, and ground lines, etc.

[0039] The thin-film-encapsulation layer 13 may be con-
figured to encapsulate the organic light-emitting device and
the thin-film-transistors. The thin-film-encapsulation layer
13 may prevent ambient moisture and oxygen from entering
the organic light-emitting devices, thereby protecting the
organic light-emitting devices. The thin-film-encapsulation
layer 13 may also protect the thin-film-transistors.

[0040] In one embodiment, the organic encapsulation
layer 132 may be made of any one of acrylic, epoxy, and
silicone material. The organic encapsulation layer 132 may
be formed by an ink jet printing process. The ink jet printing
is simple and reliable, through which the organic encapsu-
lation layer 132 may be formed without masks. The inor-
ganic encapsulation layer 131 may be formed by a chemical
vapor deposition (CVD) or atomic layer deposition (ALD)
process.

[0041] FIG. 1C illustrates a cross-sectional view of an
exemplary bent flexible display panel according to the
disclosed embodiments. As shown in FIG. 1C, the flexible
display panel may include three areas, a first area Al, a
bending area S, and a second area A2. The bending area S
may be located between the first area A1 and the second area
A2, and may be adjacent to and in contact with the first area
A1l and the second area A2. That is, the first area Al and the
second area A2 may be extension areas on both sides of the
bending area S.

[0042] A bending angle of the bending area S may be
defined as a bending angle o of the second area A2 with
respect to the first area Al. The bending radius R may be
defined as a shortest distance between a center of the circle
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formed by the bending area S and the bottom of the groove
14. The bending R radius may be greater than or equal to
about 0.1 mm. When the bending radius R is smaller than 0.1
mm, the flexible display panel may not be bent easily.
Excessive bending stress may occur in the bending area S,
thereby increasing the risk of the flexible display panel
breakage. When the bending radius R is greater than or equal
to 0.1 mm, the bending stress in the bending area S may be
substantially small, thereby reducing the risk of the flexible
display panel breakage.

[0043] FIG. 1D illustrates a cross-sectional view of
another exemplary bent flexible display panel according to
the disclosed embodiments. As shown in FIG. 1D, the
flexible display panel may be bent to a position having a
bending angle of about 180° of the bending area S. Because
the groove 14 is formed on the organic encapsulation layer
132 and is corresponding to the bending area S, the thickness
of the flexible display panel in the bending area S may be
reduced, and the bending stress in the bending area S of the
flexible display panel may be reduced.

[0044] In addition, because the bottom width W of the
groove 14 is configured to be

We— 2R
= Ts0o"

ie., WznR and a first climbing position 201 and a second
climbing position 202 may be located just outside the
bending area S, the bending stress in the bending area S may
not concentrate at the first climbing position 201 and the
second climbing position of the groove 14. Thus, the organic
encapsulation layer 132 may be prevented from cracking or
breaking at the first climbing position 201 and the second
climbing position 202.

[0045] The organic encapsulation layer 132 may be dis-
posed in the bending area S. The organic encapsulation layer
132 and the inorganic encapsulation layer 131 disposed in
the bending area S may be coordinated to effectively block
ambient moisture and oxygen, thereby reducing the bending
stress in the bending area S and, meanwhile, ensuring the
effective encapsulation of the thin-film-encapsulation layer
13 in the bending area S.

[0046] Further, in one embodiment, the width of the
bottom of the groove 14 may be configured to W=nR.
Because the groove 14 is formed in the bending area S, when
the bottom width of the groove 14 is configured to be W=nR,
the bottom width of the groove 14 may be equal to a width
of the bending area S, thereby reducing the bending stress in
the bending area S and, meanwhile, ensuring the effective
encapsulation of the thin-film-encapsulation layer 13.
[0047] Returning to FIG. 1B, in one embodiment, the
organic encapsulation layer 132 formed with the groove 14
may have a thickness d2 of approximately between 2 pm and
40 pm, and the groove 14 may have a thickness dl1 of
approximately between 1 pum and 20 pm. The organic
encapsulation layer 132 may relieve the bending stress
generated between the inorganic encapsulation layers 131
and increase invasion paths of moisture and oxygen. How-
ever, when the organic encapsulation layer 132 is substan-
tially thick, the neutral plane may be deviated from the
organic light-emitting layer 12, damaging the organic light-
emitting layer 12 when bending the flexible display panel,
and degrading display performance. In addition, when the
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organic encapsulation layer 132 is substantially thick, the
bending radius may increase. Thus, the organic encapsula-
tion layer 132 formed with the groove 14 may be configured
to have the thickness d2 of approximately between 2 pm and
40 pm, and the groove 14 may be configured to have the
thickness d1 of approximately between 1 pm and 20 pm.

[0048] FIG. 2A illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments. The similarities between FIG. 2A
and FIG. 1B are not repeated here, while certain differences
will be explained.

[0049] As shown in FIG. 2A, the organic encapsulation
layer 132 may further include a first organic encapsulation
sub-layer 1321 and a second organic encapsulation sub-layer
1322. The first organic encapsulation sub-layer 1321 may be
continuously disposed to cover the entire flexible display
panel. The second organic encapsulation sub-layer 1322
may be discontinued in the bending area S, thereby forming
at least one groove 14.

[0050] FIG. 2B illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments. In another embodiment, as shown
in FIG. 2B, the flexible display panel may include a flexible
substrate 11, an organic light-emitting layer 12 disposed on
a side of the flexible substrate 11 and having a first side
facing the flexible substrate and an opposing side, a thin-
film-encapsulation layer 13 disposed on the opposing side of
the organic light-emitting layer 12. The thin-film-encapsu-
lation layer 13 may include a first inorganic encapsulation
layer 131, a second inorganic encapsulation layer 133, and
a first organic encapsulation layer 132 disposed between the
first inorganic encapsulation layer 131 and the second inor-
ganic encapsulation layer 133. The first inorganic encapsu-
lation layer 131 may be disposed between the organic
light-emitting layer 12 and the first organic encapsulation
layer 132. The first organic encapsulation layer 132 may be
formed with at least one groove 14 in the bending area S.

[0051] The first inorganic encapsulation layer 131 and the
second inorganic encapsulation layer 133 may easily have
cracks when being bent, due to the material properties of
inorganic encapsulation layers. Through configuring the first
organic encapsulation layer 132 to have at least one groove
14 formed in the bending area S, the bending stress may be
reduced. Accordingly, the second inorganic encapsulation
layer 133 disposed on the first organic encapsulation layer
132 may be prevented from cracking or breaking caused by
excessive bending stress when being bent, and the encap-
sulation effectiveness of the thin-film-encapsulation layer 13
may be ensured.

[0052] FIG. 2C illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments. The similarities between FIG. 2C
and FIG. 1B are not repeated here, while certain differences
will be explained.

[0053] As shown in FIG. 2C, the flexible display panel
may include a flexible substrate 11, an organic light-emitting
layer 12 disposed on a side of the flexible substrate 11 and
having a first side facing the flexible substrate and an
opposing side, a thin-film-encapsulation layer 13 disposed
on the opposing side of the organic light-emitting layer 12.
The thin-film-encapsulation layer 13 may include a first
inorganic encapsulation layer 131, a first organic encapsu-
lation layer 132, a second inorganic encapsulation layer 133,
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a second organic encapsulation layer 134, and a third
inorganic encapsulation layer 135.

[0054] Either the first organic encapsulation layer 132 or
the second organic encapsulation layer 134 may be config-
ured with at least one groove 14 in the bending area S, such
that the bending stress may be reduced, and at least one of
the second inorganic encapsulation layer 133 disposed on
the first organic encapsulation layer 132 and the third
inorganic encapsulation layer 135 disposed on the second
organic encapsulation layer 134 may be prevented from
cracking or breaking caused by an excessive bending stress
when being bent. Employing three inorganic encapsulation
layers and two organic encapsulation layers may ensure the
encapsulation effectiveness of the thin-film-encapsulation
layer 13, and may improve the life span of the flexible
display panel.

[0055] FIG. 3A illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments. The similarities between FIG. 3A
and FIG. 1B are not repeated here, while certain differences
will be explained.

[0056] As shown in FIG. 3A, the flexible display panel
may further include at least one of a first curved line 151 and
a second curved line 152. The first curved line 151 may be
disposed transitioning between the bottom of the groove 14
and the side wall of the groove 14, and the second curved
line 152 may be disposed transitioning between the side wall
of the groove 14 and the non-recessed surface of the organic
encapsulation layer 132.

[0057] The transition between the bottom of the groove 14
and the side wall of the groove 14 may be smoothed through
the first curved line 151. When being bent, the bending stress
at the bottom and on the side wall of the groove 14 may be
further reduced. Thus, the risk of cracks in the organic
encapsulation layer 132 may be further reduced, and the
bending performance of the flexible display panel when
being bent may be improved.

[0058] An angle o formed between the first curved line
151 and the bottom of the groove 14 may be determined
according to various application scenarios. In one embodi-
ment, the angle o. formed between the first curved line 151
and the bottom of the groove 14 may be greater than about
0° and smaller than or equal to about 70°, i.e., 0°<a=<70°. In
another embodiment, the angle o formed between the first
curved line 151 and the bottom of the groove 14 may be
greater than about 15° and smaller than or equal to about
70°, i.e., 15°<a=70°. When the angle o formed between the
first curved line 151 and the bottom of the groove 14 is large,
for example, greater than about 70° and smaller than or
equal to about 90°, a substantially large bending stress may
be generated when the flexible display panel is bent. The
bending stress may likely concentrate in the groove 14,
thereby causing the groove 14 to crack or break.

[0059] When the angle o formed between the first curved
line 151 and the bottom of the groove 14 is sustainably
small, the bottom width of the groove 14 may be sustainably
wide, and the groove 14 may extend into the display area of
the flexible display panel, thereby causing the light emitted
from the display area to refract and reflect, and degrading the
display performance of the flexible display panel. Thus, the
angle o formed between the first curved line 151 and the
bottom of the groove 14 may be configured to be greater
than about 15° and smaller than or equal to about 70°, i.e.,
15°<a=70°.
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[0060] Similarly, an angle p formed between the second
curved line 152 and the non-recessed surface of the organic
encapsulation layer 132 may be determined according to
various application scenarios. In one embodiment, the angle
[ formed between the second curved line 152 and the
non-recessed surface of the organic encapsulation layer 132
may be greater than about 0° and smaller than or equal to
about 60°, i.e., 0°<f=<60°. In another embodiment, the angle
[ formed between the second curved line 152 and the
non-recessed surface of the organic encapsulation layer 132
may be greater than about 15° and smaller than or equal to
about 70° ie., 15°<f<70°. When the angle f§ formed
between the second curved line 152 and the non-recessed
surface of the organic encapsulation layer 132 is large, for
example, greater than about 70° and smaller than or equal to
about 90°, a substantially large bending stress may be
generated when the flexible display panel is bent. The
bending stress may likely concentrate in the groove 14,
thereby causing the groove 14 to crack or break.

[0061] When the angle p formed between the second
curved line 152 and the non-recessed surface of the organic
encapsulation layer 132 is substantially small, the bottom
width of the groove 14 may be wide, and the groove 14 may
extend into the display area of the flexible display panel,
thereby causing the light emitted from the display area to
refract and reflect, and degrading the display performance of
the flexible display panel. Thus, the angle f formed between
the second curved line 152 and the non-recessed surface of
the organic encapsulation layer 132 may be configured to be
greater than about 15° and smaller than or equal to about
45° ie., 15°<p=45°.

[0062] In the disclosed embodiments, one bending area
may include a plurality of grooves. That is, a plurality of
grooves may be disposed in the same bending area. When
the plurality of the grooves is configured in the same
bending area, the plurality of the grooves may be arranged
in parallel in a direction perpendicular to an extension
direction of the groove. An exemplary structure is shown in
FIG. 3B.

[0063] FIG. 3B illustrates a top view of another exemplary
flexible display panel according to the disclosed embodi-
ments. As shown in FIG. 3B, one bending area of the flexible
display panel may include two grooves 14. The grooves 14
may extend in a direction Y. The two grooves 14 may be
arranged in parallel in a direction X. The direction X may be
perpendicular to the extension direction Y of grooves 14.
The number of the grooves 14, the directions X and Y in
FIG. 3B are for illustrative purposes and are not intended to
limit the scope of the present disclosure.

[0064] The flexible display panel may include a display
area and a non-display area surrounding the display area. At
least one of the display area and the non-display area may be
configured with at least one bending area. The display area
may be an area for image display, and the non-display area
may be an area not for image display.

[0065] Further, the non-display area of the flexible display
panel may be disposed with a peripheral circuit. An orthogo-
nal projection of the peripheral circuit onto the flexible
substrate may partially overlap with an orthogonal projec-
tion of the bending area onto the flexible substrate. An
exemplary structure is shown in FIG. 4A.

[0066] FIG. 4A illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments. As shown in FIG. 4A, the flexible
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display panel may include a display area B1 and a non-
display area B2. The non-display area B2 of the flexible
display panel may be configured with a peripheral circuit 16.
An orthogonal projection of the peripheral circuit 16 onto
the flexible substrate 11 may partially overlap with an
orthogonal projection of the bending area S onto the flexible
substrate 11. Thus, the bending area S may not separately
occupy the non-display area B2 of the flexible display panel,
thereby facilitating a narrow frame design of the flexible
display panel.

[0067] The peripheral circuit may include thin-film-tran-
sistors and metal wirings. That is, the bending area S may
bend downwards from the edge of the display area B1, and
may be located in the non-display area B2. In various
practical applications, after the bending area S is bent, the
non-display area 132 may become a side wall of the flexible
display panel. When the flexible display panel is incorpo-
rated in a display apparatus, the bending area S may be bent,
such that the non-display area B2 may become a side wall
of the display apparatus, or the non-display area B2 may be
folded to the back wall of the display area B1. Thus, a
borderless design of the display apparatus may be achieved,
and non-display area B2 may be called an edge area or
border area.

[0068] FIG. 4B illustrates a cross-sectional view of
another exemplary flexible display panel according to the
disclosed embodiments. In one embodiment, as shown in
FIG. 4B, the flexible display panel may include a flexible
substrate 11, an organic light-emitting layer 12 disposed on
a side of the flexible substrate 11 and having a first side
facing the flexible substrate and an opposing side, and a
thin-film-encapsulation layer 13 disposed on the opposing
side of the organic light-emitting layer 12. The thin-film-
encapsulation layer 13 may include a first inorganic encap-
sulation layer 131, a second inorganic encapsulation layer
133, and a first organic encapsulation layer 132. The first
organic encapsulation layer 132 may be disposed between
the first inorganic encapsulation layer 131 and the second
inorganic encapsulation layer 133. The first inorganic encap-
sulation layer 131 may be disposed between the organic
light-emitting layer 12 and the first organic encapsulation
layer 132. The first organic encapsulation layer 132 may be
configured with at least one groove 14 in the bending area
S.

[0069] The flexible display panel may also include a
display area. The display area may include a first display
area A1 and a second display area A2. Both the first display
area Al and the second display area A2 may be located
adjacent to the bending area S. The bending area S may be
disposed between the first display area Al and the second
display area A2. That is, the bending area S may also be
located in the display area. However, the bending area S may
be located in a non-light-emitting area of the display area.

[0070] In particular, an orthogonal projection of the
groove 14 on the organic light-emitting layer 12 may be
located between two adjacent rows or two adjacent columns
of sub-pixels. That is, in a direction perpendicular to the
flexible display panel, the thin-film-encapsulation layer 13
in the area of sub-pixels may not be configured with any
groove 14. Thus, the area of sub-pixels in the thin-film-
encapsulation layer 13 may be substantially flat, such that
the optical properties of the sub-pixels by the groove 14 may
not be degraded by the groove 14.
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[0071] In another embodiment, as shown in FIG. 4B, the
flexible display panel may include a flexible substrate 11, an
organic light-emitting layer 12 disposed on a side of the
flexible substrate 11 having a first side facing the flexible
substrate and an opposing side, and a thin-film-encapsula-
tion layer 13 disposed on the opposing side of the organic
light-emitting layer 12. The thin-film-encapsulation layer 13
may include a first inorganic encapsulation layer 131, a
second inorganic encapsulation layer 133, and a first organic
encapsulation layer 132. The first organic encapsulation
layer 132 may be disposed between the first inorganic
encapsulation layer 131 and the second inorganic encapsu-
lation layer 133. The first inorganic encapsulation layer 131
may be disposed between the organic light-emitting layer 12
and the first organic encapsulation layer 132. The first
organic encapsulation layer 132 may be configured with at
least one groove 14 in the bending area S.

[0072] The flexible display panel may also include a first
display area Al and a second display area A2. The first
display area A1 and the second display area A2 may display
different images. The bending area S may be disposed
between the first display area A1 and the second display area
A2. That is, the bending area S may bend downwards from
an edge of the first display area Al. The bending area S may
be a non-display area. The second display area A2 may be
an area extended outward from the bending area S. In
various practical applications, when the flexible display
panel is incorporated in a display apparatus, the flexible
display panel may display different images in the first
display arca Al and the second display area A2. Thus, the
display apparatus may be a double-sided display apparatus.
[0073] FIG. 4C illustrates a top view of another exemplary
flexible display panel according to the disclosed embodi-
ments. As shown in FIG. 4C, a plurality of grooves 14 may
be disposed between two adjacent columns of pixels 17. The
groove 14 may be arranged in a straight line in an extension
direction of the groove 14. That is, the groove 14 may have
a straight line shape.

[0074] FIG. 4D illustrates a top view of another exemplary
flexible display panel according to the disclosed embodi-
ments. As shown in FIG. 4D, a plurality of grooves 14 may
be disposed between any two adjacent columns of pixels 17.
The groove 14 may be arranged in a folded line in an
extension direction of the groove 14. That is, the groove 14
may have a folded line shape.

[0075] The arrangement and the shape of the grooves 14
in FIG. 4C and FIG. 4D are for illustrative purposes and are
not intended to limit the scope of the present disclosure.
[0076] In practical applications, the grooves 14 may be
arranged in a way adapting to the shape and arrangement of
the pixels.

[0077] The present disclosure also provides a display
apparatus. The display apparatus may include a disclosed
flexible display panel. FIG. 5 illustrates a schematic view of
an exemplary display apparatus according to the disclosed
embodiments. As shown in FIG. 5, the display apparatus 51
may include a flexible display panel 52. The flexible display
panel 52 may be any one of the disclosed flexible display
panels. Although a smart phone is shown in FIG. 16, the
touch control display apparatus 1 may be a smart watch, a
VR goggle, a smart hand band, an electronic paper, a
television set, an automotive display, a notebook computer,
a tablet computer, or any appropriate touch control display
apparatus, which is not limited by the present disclosure.
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[0078] FIG. 6A illustrates a flow chart of an exemplary
fabrication method for an exemplary flexible display panel
according to the disclosed embodiments. FIG. 6B illustrates
cross-sectional views of an exemplary flexible display panel
corresponding to each step of an exemplary fabrication
method according to the disclosed embodiments. As shown
in FIG. 6A, at the beginning, a flexible substrate is provided
(5610). After the flexible substrate is provided, an organic
light-emitting layer is formed on the flexible substrate
(5620). The corresponding structure is shown in FIG. 6B.
[0079] As shown in FIG. 6B, the organic light-emitting
layer 12 may be formed by sputtering, vapor deposition, or
similarly appropriate processes. In particular, through sput-
tering or vapor deposition, a first electrode of an organic
light-emitting device may be formed in the organic light-
emitting layer 12 on the flexible substrate 11. The first
electrode may have a first side facing the flexible substrate
and an opposing side. After the first electrode is formed,
through sputtering or vapor deposition, an organic light-
emitting material layer may be formed on the opposing side
of the first electrode. The organic light-emitting material
layer may have a first side facing the flexible substrate and
an opposing side. After the organic light-emitting material
layer is formed, through sputtering or vapor deposition, a
second electrode may be formed on the opposing side of the
organic light-emitting material layer. The first electrode or
the second electrode may be a transparent electrode, a
semi-transparent electrode, or a reflective electrode.

[0080] Returning to FIG. 6A, after the organic light-
emitting layer is formed on the flexible substrate, the organic
light-emitting layer has a first side facing the flexible sub-
strate and an opposing side, a thin-film-encapsulation layer
is formed on the opposing side of the organic light-emitting
of the flexible substrate ($630). The corresponding structure
is shown in FIG. 6B.

[0081] As shown in FIG. 6B, the organic light-emitting
layer 12 may have a first side facing the flexible substrate 11
and an opposing side. The thin-film-encapsulation layer 13
may be formed on the opposing side of the organic light-
emitting layer 12. The thin-film-encapsulation layer 13 may
include at least one organic encapsulation layer 132 and at
least one inorganic encapsulation layer 131. The organic
encapsulation layer 132 may have a first side facing the
flexible substrate 11 and an opposing side. The inorganic
encapsulation layer 131 may have a first side facing the
flexible substrate 11 and an opposing side. The fabricated
flexible display panel may include at least one bending area.
At least one groove may be formed on the opposing side of
at least one organic encapsulation layer 132 in the bending
area.
[0082]
to be

Abottom width W of the groove may be configured

W — 1R
= e

where n is a maximum bending angle of the bending area,
0°<n=180°, and R is a bending radius of the bending area.
In one embodiment, the bottom width W of the groove may
be configured to be W=nR.

[0083] In the disclosed embodiments, the organic encap-
sulation layer 132 may formed by an ink jet printing process.
The organic encapsulation layer 132 may be formed together
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with the groove by the same ink jet printing process. The
inorganic encapsulation layer 131 may be formed by a
chemical vapor deposition (CVD) process or an atomic layer
deposition (ALD) process.

[0084] FIG. 6C illustrates a flow chart of another exem-
plary fabrication method for an exemplary flexible display
panel according to the disclosed embodiments. The corre-
sponding structure is shown in FIG. 6B. The similarities
between FIG. 6C and FIG. 6A are not repeated here, while
certain differences will be explained.

[0085] As shown in FIG. 6C, at the beginning, a flexible
substrate is provided (S611). After the flexible substrate is
provided, an organic light-emitting layer is formed on a side
of the flexible substrate (S612). After the organic light-
emitting layer is formed on the flexible substrate, an inor-
ganic encapsulation layer is formed on the opposing side of
the organic light-emitting layer (S613). After the inorganic
encapsulation layer is formed on the organic light-emitting
layer, through ink jet printing, a first organic encapsulation
sub-layer is formed continuously on the opposing side of the
inorganic encapsulation layer, and then a second organic
encapsulation sub-layer is formed on the opposing side of
the first organic encapsulation layer, and at least one groove
1s formed by discontinuing the second organic encapsulation
sub-layer in the bending area (S614).

[0086] The inorganic encapsulation layer may be disposed
between the organic light-emitting layer and the first organic
encapsulation sub-layer.

[0087] FIG. 6D illustrates a flow chart of another exem-
plary fabrication method for an exemplary flexible display
panel according to the disclosed embodiments. The corre-
sponding structure is shown in FIG. 6B. The similarities
between FIG. 6D and FIG. 6A are not repeated here, while
certain differences will be explained.

[0088] As shown in FIG. 6D, at the beginning, a flexible
substrate is provided (S621). After the flexible substrate is
provided, an organic light-emitting layer is firmed on a side
of the flexible substrate (5622). After the organic light-
emitting layer is formed on the flexible substrate, an inor-
ganic encapsulation layer is formed on opposing side of the
organic light-emitting layer (S5623). After the inorganic
encapsulation layer is formed on the organic light-emitting
layer, through ink jet printing, an organic encapsulation
layer is formed on the opposing side of the inorganic
encapsulation layer, and at least one groove is formed by
discontinuing the organic encapsulation layer in the bending
area (5624).

[0089] The inorganic encapsulation layer may be disposed
between the organic light-emitting layer and the organic
encapsulation layer. Through ink jet printing, the organic
encapsulation layer and at least one groove may be formed
at the same time.

[0090] The present disclosure provides an improved flex-
ible display panel. The flexible display panel may comprise
a flexible substrate, an organic light-emitting layer disposed
on a side of the flexible substrate and having a first side
facing the flexible substrate and an opposing side, and a
thin-film-encapsulation layer disposed on the opposing side
of the organic light-emitting layer. The thin-film-encapsu-
lation layer may include at least one organic encapsulation
layer and at least one inorganic encapsulation layer. The
organic encapsulation layer may have a first side facing the
organic light-emitting layer and an opposing side. The
flexible display panel may include at least one bending area,
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where at least one groove may be formed on the opposing
side of at least one organic encapsulation layer. A width W
at the bottom (i.e., the bottom width) of the groove may be
configured to be

W= — xR
[ —
= Ts0o™"

where n is a2 maximum bending angle of the bending area,
0°<n=180°, and R is a bending radius of the bending area.
[0091] It should be noted that the various embodiments in
the present specification are described in a progressive
manner. Each embodiment is mainly described in terms of
differences from the previously described embodiments. The
similarities between different embodiments are not repeated,
and may be incorporated by references.
[0092] Various embodiments have been described to illus-
trate the operation principles and exemplary implementa-
tions. It should be understood by those skilled in the art that
the present invention is not limited to the specific embodi-
ments described herein and that various other obvious
changes, rearrangements, and substitutions will occur to
those skilled in the art without departing from the scope of
the invention. Thus, while the present invention has been
described in detail with reference to the above described
embodiments, the present invention is not limited to the
above described embodiments, but may be embodied in
other equivalent forms without departing from the scope of
the present invention, which is determined by the appended
claims.
What is claimed is:
1. A flexible display panel, comprising:
a flexible substrate;
an organic light-emitting layer disposed on a side of the
flexible substrate and having a first side facing the
flexible substrate and an opposing side; and
a thin-film-encapsulation layer disposed on the opposing
side of the organic light-emitting layer and including at
least one organic encapsulation layer and at least one
inorganic encapsulation layer,
wherein:
the flexible display panel includes at least one bending
area;
the at least one organic encapsulation layer has a first side
facing the flexible substrate and an opposing side;
the at least one inorganic encapsulation layer has a first
side facing the flexible substrate and an opposing side;
in the at least one bending area, at least one groove is
formed on the opposing side of the at least one organic
encapsulation layer; and
a bottom width W of the at least one groove is configured
to be

n

Vs —
Wz 180°7TR’

where n is a maximum bending angle of the at least one
bending area, 0°<n=180°, and R is a bending radius of the
at least one bending area.

2. The flexible display panel according to claim 1,
wherein:
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the bottom width W of the at least one groove is config-
ured to be W=nR.

3. The flexible display panel according to claim 1,

wherein:

the bending radius R is greater than or equal to about 0.1
mm.

4. The flexible display panel according to claim 1,

wherein:

the at least one organic encapsulation layer includes a first
organic encapsulation sub-layer and a second organic
encapsulation sub-layer;

the first organic encapsulation sub-layer is configured
continuously;

the second organic encapsulation sub-layer is discontin-
ved in the at least one bending area to form the at least
one groove; and

the second organic encapsulation sub-layer is configured
on the opposing side of the first organic encapsulation
sub-layer.

5. The flexible display panel according to claim 1,

wherein:

the at least one organic encapsulation layer is formed by
an ink jet printing process.

6. The flexible display panel according to claim 1,

wherein:

the thin-film-encapsulation layer includes a first inorganic
encapsulation layer, a second inorganic encapsulation
layer, and a first organic encapsulation layer,

wherein the first organic encapsulation layer is disposed
between the first inorganic encapsulation layer and the
second inorganic encapsulation layer;

the first inorganic encapsulation layer is disposed between
the organic light-emitting layer and the first organic
encapsulation layer, and

in the at least one bending area, the at least one groove is
formed on the first organic encapsulation layer.

7. The flexible display panel according to claim 1,

wherein:

the thin-film-encapsulation layer includes a first inorganic
encapsulation layer, a first organic encapsulation layer,
a second inorganic encapsulation layer, a second
organic encapsulation layer, and a third inorganic
encapsulation layer, which are configured sequentially
on the opposing side of the organic light-emitting layer,
and

in the at least one bending area, the at least one groove is
formed in either the first organic encapsulation layer or
the second organic encapsulation layer.

8. The flexible display panel according to claim 1,

wherein:

the at least one organic encapsulation layer is configured
with the at least one groove and has a thickness of
approximately between 2 um and 40 um; and

the at least one groove has a thickness of approximately
between 1 um and 20 pum.

9. The flexible display panel according to claim 1, com-

prising at least one of the following:

a bottom of the at least one groove transitions to a side
wall of the at least one groove through a first curved
line; and

the side wall of the at least one groove transitions to a
non-recessed surface of the at least one organic encap-
sulation layer through a second curved line.
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10. The flexible display panel according to claim 9,
wherein:
an angle o between the first curved line and the bottom of
the at least one groove is approximately in a range of
0°<a=70°.
11. The flexible display panel according to claim 10,
wherein:
an angle f between the second curved line and the
non-recessed surface of the at least one organic encap-
sulation layer is approximately in a range of 0°<f=60°.
12. The flexible display panel according to claim 9,
wherein:
an angle o between the first curved line and the bottom of
the at least one groove is approximately in a range of
15°<a=70°.
13. The flexible display panel according to claim 12,
wherein:
an angle f§ between the second curved line and the
non-recessed surface of the at least one organic encap-
sulation layer is approximately in a range of
15°<f=45°.
14. The flexible display panel according to claim 1,
wherein:
the at least one bending area includes a plurality of
grooves; and
the plurality of the grooves is arranged in parallel in a
direction perpendicular to an extension direction of a
groove.
15. The flexible display panel according to claim 1,
wherein:
the at least one organic encapsulation layer is made of
acrylic, epoxy, or silicone materials.
16. The flexible display panel according to claim 1,
wherein:
the flexible display panel includes a display area and a
non-display area surrounding the display area; and
at least one of the display area and the non-display area is
configured with the at least one bending area.
17. The flexible display panel according to claim 16,
wherein:
a peripheral circuit is configured in the non-display area;
and
the peripheral circuit at least partially overlaps with the at
least one bending area in a direction perpendicular to
the flexible substrate.
18. The flexible display panel according to claim 16,
wherein:
the display area includes two sections; and
the at least one bending area is disposed between the two
sections of the display area.
19. The flexible display panel according to claim 18,
wherein:
the display area includes two sections for displaying
different images; and
the at least one bending area is disposed between the two
sections of the display area.
20. The flexible display panel according to claim 16,
wherein:
an orthogonal projection of the at least one groove onto
the organic light-emitting layer is located between two
rows or two columns of sub-pixels.
21. The flexible display panel according to claim 16,
wherein:
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the flexible display panel includes a plurality of bending
areas; and
a plurality of grooves in the plurality of the bending areas
are arranged in parallel.
22. The flexible display panel according to claim 16,
wherein:
the at least one groove is arranged in a straight line or a
folded line in an extension direction of the at least one
groove.
23. A flexible display apparatus, comprising the flexible
display panel according to claim 1.
24. A fabrication method for the flexible display panel,
comprising:
providing a flexible substrate;
forming an organic light-emitting layer having a first side
facing the flexible substrate and an opposing side on a
side of the flexible substrate; and
forming a thin-film-encapsulation layer on the opposing
side of the organic light-emitting layer,
wherein:
the thin-film-encapsulation layer includes at least one
organic encapsulation layer and at least one inorganic
encapsulation layer;
the flexible display panel includes at least one bending
area;
at least one groove is formed on the opposing side of the
at least one organic encapsulation layer in the at least
one bending area; and
a bottom width W of the at least one groove is configured
to be

W R,

n
> —
= 180"
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where n is a maximum bending angle of the at least one
bending area, 0°<n=<180°, and R is a bending radius of the
at least one bending area.

25. The fabrication method according to claim 24,
wherein:

the bottom width W of the at least one groove is config-
ured to be W=nR.

26. The fabrication method according to claim 24,
wherein:

the at least one organic encapsulation layer is formed by
an ink jet printing process.
27. The fabrication method according to claim 26,

wherein forming the at least one organic encapsulation layer
includes:

through an ink jet printing process, forming a continuous
first organic encapsulation sub-layer having a first side
facing the flexible substrate and an opposing side;

through the ink jet printing process, forming a second
organic encapsulation sub-layer on the opposing side of
the first organic encapsulation sub-layer; and

forming the at least one groove by discontinuing the
second organic encapsulation sub-layer in the at least
one bending area.

28. The fabrication method according to claim 24,
wherein forming the at least one organic encapsulation layer
includes:

through an ink jet printing process, forming the at least
one organic encapsulation layer,

discontinuing the at least one organic encapsulation layer
in the at least one bending area to form the at least one
groove.
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