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(57) ABSTRACT

The application discloses a touch display panel which has a
display region and a non-display region; a first retaining wall
is located in the non-display region surrounding the display
region. A thin film encapsulation layer disposed on the
organic light-emitting structure and the first retaining wall.
The thin film encapsulation layer in the first opening extends
to the non-display region in a slope, the slope reduces a
thickness of the thin film encapsulation layer gradually. A
plurality of touch electrodes disposed on the thin film
encapsulation layer in the display region and a plurality of
pad disposed in the non-display region are connected by the
touch lines. The touch lines are located on the slope of thin
film encapsulation layer.
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TOUCH DISPLAY PANEL AND DISPLAY
APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese patent
application No. CN201710354797.9, filed on May 18, 2017,
the disclosure of which is incorporated herein by reference
in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of dis-
play, in particular to a touch display panel and a display
apparatus.

BACKGROUND

[0003] Organic Light Emitting Diode (OLED) display is a
self-luminous display device. Compared with a Liquid Crys-
tal Display (LCD), an OLED display does not need a
backlight, so an OLED display can be made thinner and
lighter. In addition, an OLED display also has advantages
such as high brightness, low power consumption, wide
viewing angle, high response speed, wide temperature
range, and is used more in a variety of high-performance
display applications.

[0004] In related arts, thin film organic encapsulation is
often employed to ensure that organic luminescent materials
and electrodes are not eroded by water vapor and oxygen in
the external environment. Meanwhile, in order to avoid an
increase of unavailable areas at the periphery of the device
caused by an extension of the thin film encapsulation layer,
a retaining wall is typically provided surrounding the
organic light-emitting structure in the related arts. In order to
cover foreign materials on the surface of the substrate and
still keep the substrate flat, the organic layer of the thin film
encapsulation generally has a very thick film structure. The
thin film encapsulation layer forms a step and a slope at the
edge of the retaining wall. The metal wires tend to drop over
the retaining walls. As a result, wires can fracture and signal
transmission can be affected.

SUMMARY

[0005] The present disclosure provides a touch display
panel and a display apparatus, which can avoid fractures of
metal wires across the retaining walls at the periphery of an
OLED device and improve the reliability of signal trans-
mission.

[0006] According to a first aspect, an embodiment of the
present disclosure provides a touch display panel. The touch
display panel includes:

[0007] a display region and a non-display region;

[0008] a substrate;

[0009] an organic light-emitting structure, located in the
display region;

[0010] a first retaining wall, located in the non-display

region and surrounding the display region;

[0011] a thin film encapsulation layer, covering the
organic light-emitting structure and the first retaining wall;
and

[0012] atouch electrode and a touch line, both located on
the thin film encapsulation layer and located at a side of the
thin film encapsulation layer facing away from the substrate;
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[0013] where the first retaining wall is provided with at
least one first opening, the thin film encapsulation layer
extends from the display region to the non-display region
through the first opening, a thickness of the thin film
encapsulation layer is gradually reduced in a direction
perpendicular to the substrate so as to form a thinned region,
the touch line is connected with the touch electrode and a
pad which is in the non-display region via the thinned
region.

[0014] According to a second aspect, an embodiment of
the present disclosure provides a display apparatus including
the touch display panel of any embodiment of the disclosure.
[0015] According to the present disclosure, the first retain-
ing wall is provided with the first opening, so the thickness
of the thin film encapsulation layer gradually decreases after
passing through the first opening to form a thinned region.
Since the thickness of the thinned region gradually
decreases, a surface of the thin film encapsulation layer in
the thinned region facing away from the substrate is a
relatively smooth slope, the touch line does not need to go
across a very high step or a very great slope when the touch
line is connected with the touch electrode and the pad via the
thinned region, thereby avoiding the fracture of the touch
line and improving the reliability of signal transmission.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a schematic top view of a touch display
panel according to an embodiment of the present disclosure;
[0017] FIG. 2 is a cross sectional view of the touch display
panel in FIG. 1 taken along a section line A-A;

[0018] FIG. 3 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure;

[0019] FIG. 4 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure;

[0020] FIG. 5 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure;

[0021] FIG. 6 is a cross sectional view of the touch display
panel in FIG. 3 taken along a section line B-B;

[0022] FIG. 7 is an enlarged top view of region D in FIG.
5,
[0023] FIG. 8 is a schematic cross sectional view of

another touch display panel according to an embodiment of
the present disclosure;

[0024] FIG. 9 is a schematic cross sectional view of
another touch display panel according to an embodiment of
the present disclosure;

[0025] FIG. 10 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure;

[0026] FIG. 11 is a cross sectional view of the touch
display panel in FIG. 10 taken along a section line C-C;
[0027] FIG. 12 is a schematic cross sectional view of
another touch display panel according to an embodiment of
the present disclosure;

[0028] FIG. 13 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure; and

[0029] FIG. 14 is a schematic view of a display apparatus
according to an embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0030] The disclosure will now be described in further
detail with reference to the accompanying drawings and
embodiments. It is to be understood that the specific embodi-
ments described herein are for the purpose of explaining the
disclosure and are not intended to limit the disclosure. It is
further to be noted that, for the convenience of description,
only parts related to the disclosure, rather the entire struc-
ture, are shown in the accompanying drawings.

[0031] FIG. 1 is a schematic top view of a touch display
panel according to an embodiment of the present disclosure,
and FIG. 2 is a cross sectional view of the touch display
panel in FIG. 1 taken along a section line A-A. With
reference to FIG. 1 and FIG. 2, the touch display panel
includes:

[0032] a display region 110 and a non-display region 120;
[0033] a substrate 10;
[0034] an organic light-emitting structure 20, which is

located in the display region 110;

[0035] a first retaining wall 30, which is located in the
non-display region 120 and surrounds the display region
110,

[0036] a thin film encapsulation layer 40 (not shown in
FIG. 1) overlays the organic light-emitting structure 20 and
the first retaining wall 30; and

[0037] atouch electrode 50 and a touch line 60 are located
over the thin film encapsulation layer 40 including its slope.

[0038] The first retaining wall 30 is provided with at least
one first opening 310. At the first opening 310, the thin film
encapsulation layer 40 extends from the display region 110
to the non-display region 120 through the first opening 310.
A thickness of the thin film encapsulation layer 40 in a
direction perpendicular to the substrate 10 is gradually
reduced so as to form a thinner region 410. The touch line
60 is connected with the touch electrode 50 and a pad 70 in
the non-display region 120 via the thinned region 410. In the
present embodiment, the substrate 10 is an array substrate
that drives the organic light-emitting structure 20 to emit
light. The substrate 10 includes the display region 110 and
the non-display region 120. The display region 110 is
correspondingly provided with the organic light-emitting
structure 20 to implement image displaying. A region cor-
responding to the non-display region 120 does not present
the image. The array substrate includes a substrate, which
may be flexible and may be made of any suitable insulating
material. For example, the flexible substrate may be made of
polymer materials such as Polyimide (PI), Polycarbonate
(PC), Polyethersulfone (PES), Polyethylene terephthalate
(PET), Polyethylene naphthalate (PEN), Polyarylate (PAR)
or Glass fiber reinforced Plastic (FRP) and the like. The
substrate 10 may be transparent, semitransparent, or opaque.

[0039] A buffer layer is provided on the flexible substrate
and covers the entire upper surface of the flexible substrate.
In one embodiment, the buffer layer includes an inorganic
layer or an organic layer. For example, the buffer layer may
be made of inorganic materials selected from silicon oxide
(810x), silicon nitride (SiNx), Silicon Oxynitride (SiOxNy),
Aluminum oxide (AlOx), or Aluminum nitride (AINX) and
the like; or be made of materials selected from organic
materials such as Acryl, Polyimide (PI) or polyester and the
like. The buffer layer may include a single layer or multiple
layers. The buffer layer blocks oxygen and moisture, pre-
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vents moisture or impurities from diffusing via the substrate,
and provides a flat surface on the upper surface of the
flexible substrate.

[0040] The substrate 10 further includes a thin film tran-
sistor (TFT), which is located on the buffer layer. Taking a
top gate type TFT as an example, the TFT includes a
semiconductor active layer on the buffer layer. The semi-
conductor active layer includes a source region and a drain
region which are doped with N type impurity ions or P type
impurity ions. A region between the source region and the
drain region is a channel region which is not doped with
impurity.

[0041] The semiconductor active layer may be formed by
changing the amorphous silicon to polysilicon by crystalli-
zation of the amorphous silicon.

[0042] In order to crystallize amorphous silicon, various
methods such as Rapid Thermal Annealing (RTA), Solid
Phase Crystallization (SPC), Excimer Laser Annealing
(ELA), Metal Induced Crystallization (MIC), Metal Induced
Lateral Crystallization (MILC) or Sequential Lateral Solidi-
fication (SLS) and the like may be employed.

[0043] A gate insulation layer includes an inorganic layer
such as silicon oxide, silicon nitride or metal oxide, and may
include a single layer or multiple layers.

[0044] A gate electrode is provided in a specific region on
the gate insulation layer. The gate electrode 118 may include
a single layer or multiple layers of gold (Au), silver (Ag),
copper (Cu), nickel (Ni), platinum (Pt), palladium (Pd),
aluminum (Al), molybdenum (Mo) or Chromium (Cr); or
alloys such as aluminum (Al)-neodymium (Nd) alloy,
molybdenum (Mo)-tungsten (W) alloy.

[0045] An interlayer insulation layer is disposed on the
gate electrode. The interlayer insulation layer may be
formed by an inorganic insulation layer such as silicon oxide
or silicon nitride. Optionally, the interlayer insulation layer
may be formed by an organic insulation layer.

[0046] A source electrode and a drain electrode are dis-
posed on the interlayer insulation layer. The source electrode
and the drain electrode are electrically connected (or
bonded) with the source region and the drain region via
contact holes, respectively. The contact holes are formed by
selectively removing the gate insulation layer and the inter-
layer insulation layer.

[0047] A passivation layer is disposed on the source
electrode and the drain electrode. The passivation layer may
be formed by an organic layer or an inorganic layer such as
silicon oxide or silicon nitride.

[0048] A planarization layer is disposed on the passivation
layer. The planarization layer includes an organic layer of
Acrylic, Polyimide (PI) or Benzocyclobutene (BCB) and the
like.

[0049] The organic light-emitting structure 20 is formed
on the TFT, and is located in the display region 110. The
organic light-emitting structure 20 generally includes a first
electrode, a light-emitting layer and a second electrode.
[0050] Inorderto form the organic light-emitting structure
20, the first electrode (anode) is electrically connected (or
bonded) with the source electrode or the drain electrode via
a contact hole. The first electrode serves as the anode and
may be formed by various conductive materials. For
example, the first electrode may be formed as a transparent
electrode or a reflective electrode according to its applica-
tion. When the first electrode is formed as the transparent
electrode, the first electrode may include indium tin oxide
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(ITO), indium zinc oxide (IZ0), zinc oxide (ZnO) or indium
oxide (In203), etc. When the first electrode is formed as the
reflective electrode, the reflective layer may be formed of
Ag, magnesium (Mg), Al, Pt, Pd, Ay, Ni, Nd, iridium (Ir),
Cr, or a mixture thereof, and 1TO, IZO, ZnO or In203 may
be formed on the reflective layer.

[0051] A pixel define layer (PDL) is disposed on the
planarization layer to cover edges of the first electrode. In an
embodiment, the pixel define layer surrounding edges of the
first electrode defines an emitting region of each sub pixel.
The pixel define layer may be formed of an organic material
such as polyimide (PI), polyamide, Benzocyclobutene
(BCB), acrylic resin or phenolic resin.

[0052] The light-emitting layer is disposed on the first
electrode. The portion of the first electrode on which the
light-emitting layer is disposed is not covered by the pixel
define layer and is exposed. The light-emitting layer may be
formed by a vapor deposition process. The light-emitting
layer is patterned to correspond every sub pixel, that is, to
correspond the patterned first electrode.

[0053] The light-emitting layer may be formed of an
organic material with a low molecular weight or an organic
material with a high molecular weight. The light-emitting
layer includes an organic emitting layer and may further
include at least one of a hole injection layer (HIL), a hole
transport layer (HTL), an electron transport layer (ETL) and
an electron injection layer (EIL). However, in addition to the
organic emitting layer, the light-emitting layer may include
various other function layers.

[0054] The second electrode (serving as a cathode of an
organic light-emitting device (OLED)) is disposed on the
light-emitting layer. Similar to the first electrode, the second
electrode may be formed as a transparent electrode or a
reflective electrode.

[0055] The first electrode and the second electrode are
insulated from each other by the light-emitting layer. If a
voltage is applied between the first electrode and the second
electrode, the light-emitting layer emits visible lights,
thereby achieving an image that can be identified by a user.
[0056] When the second electrode is formed as the trans-
parent electrode, a compound having a small work function
and including lithium (Li), calcium (Ca), lithium fluoride/
calcium (LiF/Ca), lithium fluoride/aluminum (LiF/Al), alu-
minum (Al), magnesium (Mg) or combinations thereof may
be initially deposited on the light-emitting layer by an
evaporation, and the forming material of the transparent
electrode such as ITO, IZ0, ZnO or In203 may be deposited
on the compound. When the second electrode is formed as
the reflective electrode, the second electrode may be formed
by evaporating Li, Ca, LiF/Ca, LiF/Al, Al, Mg or a mixture
thereof on the entire surface of the substrate.

[0057] The thin film encapsulation layer 40 is disposed on
the organic light-emitting structure 20. In one embodiment,
the thin film encapsulation layer 40 protects the light-
emitting layer and other thin layers from external moisture
and oxygen. The thin film encapsulation layer 40 may
include inorganic layers and organic layers. The inorganic
layers and the organic layers are alternately stacked. The first
retaining wall 30 is arranged in the non-display region 120
of the substrate 10, and surrounds the display region 110.
The first retaining wall 30 generally formed by stacking the
pixel define layer, the planarization layer and the supporting
spacers. The first retaining wall 30 may serve as a cut-off
layer for the organic layers of the thin film encapsulation
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layer 40, and is covered by the inorganic layer of the thin
film encapsulation layer 40. Meanwhile, the first retaining
wall 30 may further enhance the effect of blocking the
oxygen and water of the touch display panel, and prevent the
transmission and expansion of the cracks of the inorganic
layers.

[0058] In order to realize the touch function of the touch
display panel, the touch electrode 50 and the touch line 60
are provided on one side of the thin film encapsulation layer
40 facing away from the substrate 10, and the touch line 60
is connected to the touch electrode 50 and the pad 70 which
is in the non-display region 120. Since the non-display
region 120 of the touch display panel is provided with the
first retaining wall 30, the touch line 50 needs to cross the
first retaining wall 30 and the thin film encapsulation layer
40 forms a very high step at the edge of the first retaining
wall 30. Therefore, the height of the touch line 60 after
crossing the first retaining wall 30 decreases abruptly, caus-
ing the touch line 60 to be prone to fracture, etc., and
affecting signal transmission.

[0059] According to the present embodiment, the first
retaining wall 30 is provided with the first opening 310, so
that the thickness of the thin film encapsulation layer 40
gradually decreases after passing through the first opening
310 to form a thinner region 410. Since the thickness of the
thinned region 410 gradually decreases, the side of the thin
film encapsulation layer 40 of the thinner region 410 facing
away from the substrate 10 is a relatively smooth slope, and
the touch line 60 firstly wires in the region surrounded by the
first retaining wall 30 after being connected with the touch
electrode 50, and goes across the first retaining wall 30 only
at the first opening 310, that is, the touch line 60 is connected
with the touch electrode 50 and the pad 70 through the
thinned region 410. Therefore, the touch line 60 does not
need to go across a very high step or a very great slope,
thereby avoiding the fracture of the touch line 60 and
improving the reliability of signal transmission.

[0060] Optionally, with reference to FIG. 1 and FIG. 2, the
touch electrode 50 and the touch line 60 are provided on the
surface of the thin film encapsulation layer 40 away from the
substrate 10. Such configuration can decrease the overall
thickness of the display panel, and is in line with the
development trend of light and thin of the display panel.
[0061] Optionally, with reference to FIG. 1 and FIG. 2, the
non-display region 120 includes a bonding region 121 where
a display panel and a driver integrated circuit (IC) are
interconnected. The pad 70 is disposed in the bonding region
121. The first opening 310 is provided on a portion of the
first retaining wall 30 close to the bonding region 121 of the
display panel.

[0062] Specifically, not all sides of the retaining wall in the
non-display frame has an opening because an opening will
reduce the bezel area which is not preferred.

[0063] When the first opening 310 is provided preferably
at the retaining wall 30 close to the bonding region 121 of
the display panel, although the sizes of the non-display
region 120 of the display panel at the side of the bonding
region 121 is increased due to the existence of the thinner
region 410, the panel at the side of bonding region 121 may
be bent when the display panel is assembled, so that the sizes
of the bezel of the display panel will not be increased after
the assembling is completed.

[0064] Optionally, with reference to FIG. 1 and FIG. 2, the
thin film encapsulation layer 40 includes inorganic layers 42
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and an organic layer 41 sandwiched between inorganic
layers 42. At the first retaining wall 30 where the first
opening is not provided, the organic layer 41 is located in the
region surrounded by the first retaining wall 30, and the
inorganic layers 42 overlay the first retaining wall 30.
[0065] Specifically, the inorganic layers 42 are directly
formed into a solid state by a chemical vapor deposition
process, and the organic layer 41 is formed by an ink jet
printing process and is gradually solidified from a liquid
state to a solid state. The organic layer 41 has maintained
certain fluidity during solidification. The first retaining wall
30 defines The organic layer 41 stays in the area outside the
first retaining wall 30 to prevent the organic layer 41 from
spreading into the display area by increasing the width of the
non-display area 120. By arranging the inorganic layers 42
to block the first retaining wall 30 from outside, it is possible
to prevent water vapor and oxygen from entering the display
panel and to prevent the display panel from being corroded
by water vapor or oxygen.

[0066] Optionally, the organic layers 41 and inorganic
layers 42 go through the first opening 310 at the first opening
310, and extend from the display region 110 to the non-
display region 120.

[0067] Specifically, the formation of the thinner region
410 is has low stress because the organic layer 41 of the thin
film encapsulation layer 40 has enough thickness to protect
and the organic layers 41 have certain fluidity.

[0068] FIG. 3 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure. With reference to FIG. 3, two edges of the first
opening 310 are provided with auxiliary retaining walls 320.
The auxiliary retaining walls 320 extend from the first
opening 310 to the non-display region 120.

[0069] FIG. 4 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure. FIG. 5 is a schematic top view of another touch
display panel according to an embodiment of the present
disclosure. The slope region 410 is formed largely due to the
reduction of the thickness of the organic layer 41. In the thin
film encapsulation layer shown in FIG. 4 and FIG. 5, only
the organic layer 41 is depicted. Specifically, with reference
to FIG. 4 and FIG. 5, if the auxiliary retaining walls 320 are
not provided, the organic layer 41 in the thinned region 410,
might spread into display area in the window of the opening
310. The total thickness of the sloped portion of the encap-
sulated layer may be reduced. This may make the difficulty
of forming touch line 60 over it. By arranging the auxiliary
retaining walls 320, the organic layer 41 in the thinned
region 410 mainly spreads with better control into the first
opening 310. Thus the slope is smoother and touch line 60
is better defined in forming.

[0070] It should also be noted that, with reference to FIG.
4, in the case where the auxiliary retaining walls 320 are not
provided, when the touch line 60 is formed, the touch line 60
may be formed at the central region of the thinned region
410 as nmuch as possible, that is, the touch line 60 is arranged
to the vicinity of the symmetry axis of the two edges of the
first opening 310 as much as possible.

[0071] FIG. 6 is a cross sectional view of the touch display
panel in FIG. 3 taken along a cut line B-B. Optionally, with
reference to FIG. 6, a height H1 of the auxiliary retaining
wall 320 is equal to a height H of the first retaining wall 30
if the first opening is not provided. Such arrangement allows
the auxiliary retaining wall 320 and the first retaining wall
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30 formed in the same process, saving the thinning process
steps and reducing process difficulty, and thus enabling the
auxiliary retaining wall 320 to better block the organic layer
41 of the thin film encapsulation layer 40 from spreading to
the outside of the auxiliary retaining wall 320.

[0072] FIG. 7 is an enlarged view of a region D in FIG. 5.
Optionally, as shown in FIG. 7, a length d is the auxiliary
retaining wall 320, the first opening 310’s depth is deeper
than or equal to a distance m between the first opening 310
and the boundary of organic layer 41 of the thin film
encapsulation layer in the thinned region 410.

[0073] Such arrangement ensures that the auxiliary retain-
ing wall 320 can better block the organic layer 41 of the thin
film encapsulating layer 40. Since the length d of the
auxiliary retaining wall 320 is greater than or equal to the
depth m between the first opening 310 and the boundary of
organic layer 41 of the thin film encapsulation layer in the
thinned region 410, the organic layer 41 is completely
confined between the auxiliary retaining walls 320, so that
the thickness of the organic layer 41 is gradually reduced
only in the direction perpendicular to the first retaining wall
30 where the first opening 310 is provided, the surface of the
formed thinned region 410 away from the substrate 10 is a
smooth slope, and the difficulty of the process of forming the
touch line 60 is reduced.

[0074] Optionally, with reference to FIG. 1 to FIG. 5, the
first opening 310 penetrates the first retaining wall 30 in the
direction perpendicular to the substrate 10 at the first open-
ing 310. That is, the first retaining wall 30 at the first opening
310 is completely removed, so that the organic layer 41 of
the thin film encapsulation layer 40 can be rapidly thinned
after passing through the first opening 310, and a size n of
the thinned region 410 in the direction perpendicular to the
first retaining wall 30 where the first opening 310 is provided
is small, facilitating the realization of the narrow bezel of the
display panel, reducing the length of the touch line 60, and
avoiding the use of the long touch line 60 which affects the
stability of the signal transmission.

[0075] FIG. 8 is a schematic cross sectional view of
another touch display panel according to an embodiment of
the present disclosure. Optionally, with reference to FIG. 8,
the height H of the first retaining wall 30 where the first
opening 410 is provided is greater than zero, and is less than
the height H of the first retaining wall 30 where the first
opening 410 is not provided.

[0076] Specifically, the thinning slope of the organic layer
41 in the thinned region 410 is configured by defining the
height of the first retaining wall 30 where the first opening
410 is provided, so that a tilt angle of the surface of the thin
film encapsulation layer 40 is fixed. That is, an angle 0
between the substrate 10 and the surface of the thin film
encapsulation layer 40 is managed to, ensure touch line 60
not abruptly change directions to fracture, thereby improv-
ing the reliability of signal transmission.

[0077] Optionally, with reference to FIG. 8, the thin film
encapsulation layer 40 includes a first inorganic layer 424, a
first organic layer 41a and a second inorganic layer 425. The
organic layer 41a is sandwiched between the first inorganic
layer 42a and second inorganic layer 425 on the substrate 10.
[0078] Specifically, the thin film encapsulation layer 40
therefore includes three layers of the first inorganic layer
42a, the first organic layer 41a, and the second inorganic
layer 42b. The first inorganic layer 42q¢ and the second
inorganic layer 426 are mainly used for preventing water
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vapor and oxygen from entering the display panel and
corroding the organic light-emitting structure 20. The first
organic layer 41a mainly plays a buffering role, and reduces
the stress between the first inorganic layer 42a and the
second inorganic layer 425. On one hand, it is ensured that
water vapor and oxygen are prevented from entering the
interior of the display panel, and on the other hand, the thin
film encapsulation layer 40 has thickness agreeing to the
development trend of light and thin of the display panel.
[0079] Optionally, with reference to FIG. 8, the height of
the first retaining wall 30 where the first opening 310 is
provided is h, the thickness of the first organic layer 414 in
the region surrounded by the first retaining wall 30 is T, and
0<h<T. By setting h<T, the first organic layer 414 can cover
the first retaining wall 30 at the first opening 310 to form the
thinned region 410. By setting h>0, the thinning slope of the
thickness of the first organic layer 41a is not steep, so that
the tilt angle of the surface of the thin film encapsulation
layer 40 in the thinned region 410 is small, that is, the angle
0 is small, and the touch line 60 forms a smooth slope when
connecting the touch electrode 50 and the pad 70 via the
thinned region 410, thereby fractures of the touch line 60 is
avoided, thereby reliability of signal transmission is
improved.

[0080] Optionally, the thickness T of the first organic layer
41a in the region surrounded by the first retaining wall 30 is
less than or equal to 20 pm. Specifically, by setting T<20 pm,
the buffering function of the first organic layer 41a is
ensured, and it is also ensured that the thin film encapsula-
tion layer 40 has a small layer thickness, which is in line
with the development trend of the thinner and lighter display
panel.

[0081] Optionally, in the thinned region 410, a distance
between the first opening 310 and a boundary of first organic
layer 414 in the direction perpendicular to the first retaining
wall 30 where the first opening 310 is proved is [, where

H
o
N

Nl
a
(=)
(=]
=

[0082] Specifically, since the thinned region 410 is mainly
formed by the first inorganic layer 41a, by setting 10<L/
T=<200, it is ensured that the slope degree of the surface of
the thinned region 410 away from the substrate 10 is not too
large, thereby ensuring that the touch line 60 does not need
to go across a high step or a large slope, avoiding the fracture
of the touch line 60 and improving the reliability of signal
transmission. It is also ensured that the size n of the thinned
region 410 in the direction perpendicular to the first retain-
ing wall 30 where the first opening 310 is provided is not too
large. It is not only benefit to achieve the narrow bezel of the
display panel, but also can reduce length of the touch line 60,
thereby avoiding the use of too long touch line 60 which
affects the stability of signal transmission.

[0083] Optionally, with reference to FIG. 8, in the thinned
region 410, in the direction perpendicular to the first retain-
ing wall 30 where the first opening 310 is provided, a
distance between the boundary of the first organic layer 41a
and outermost boundaries of the first inorganic layer 42a and
the second inorganic layer 425 is S, where 10 um=S<500
pm.

[0084] Specifically, by setting 10 pm=S<500 pm, it does
not only ensure that the first inorganic layer 42a and the
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second inorganic layer 425 can completely cover the edge of
the first organic layer 41a, so that the water and oxygen seals
can be well achieved at the edge of the thin film encapsu-
lation layer 40, but also ensured that the size n of the thinned
region 410 in the direction perpendicular to the first retain-
ing wall 30 where the first opening 310 is provided is not too
large. Tt is not only benefit to achieve the narrow bezel of the
display panel, but also can reduce length of the touch line 60,
thereby avoiding the use of too long touch line 60 which
affects the stability of signal transmission.

[0085] Optionally, with reference to FIG. 8, the touch line
60 between the touch electrode 50 and the first opening 410
is arranged in a region between the first retaining wall 30 and
the display region 110. FIG. 9 is a schematic view of another
touch display panel according to an embodiment of the
present disclosure. Optionally, with reference to FIG. 9, the
touch line 60 between the touch electrode 50 and the first
opening 410 may also be arranged in the region between the
first retaining wall 30 and the display region 110 and in a
region corresponding to a top portion of the first retaining
wall 30.

[0086] Specifically, the top portion of the first retaining
wall 30 is the surface of the first retaining wall 30 facing
away from the substrate 10. The touch line 60 between the
touch electrode 50 and the first opening 410 is arranged in
the region between the first retaining wall 30 and display
region 110 or in the region corresponding to a top portion of
the first retaining wall 30. That is, the touch line 60 across
the first retaining wall 30 only via the first opening 410.
Since the thinned region 410 is existed at the first opening
410, it is ensured that the touch line 60 does not need to go
across a very high step or a large slope, avoiding the fracture
of the touch line 60. In addition, by arranging the touch line
at the region corresponding to the top portion of the first
retaining wall 30, a width of the region between the first
retaining wall 30 and the display region 110 can be appro-
priately reduced, so that the size of the non-display region
120 of the display panel may be reduced, which is benefit to
achieve the narrow bezel of the display panel. Specifically,
a width of the top portion of the first retaining wall 30 may
be 50 um to 100 pum.

[0087] FIG. 10 is a schematic view of another touch
display panel according to an embodiment of the present
disclosure. FIG. 11 is a sectional view of the touch display
panel in FIG. 10 taken along a section line C-C. Optionally,
with reference to FIG. 10 and FIG. 11, the display panel
further includes a second retaining wall 80. The second
retaining wall 80 is arranged at a side of the first retaining
wall 30 away from the display region 110. The second
retaining wall 80 surrounds the first retaining wall 30. The
thin film encapsulation layer 40 is located in a region
surrounded by the second retaining wall 80. A second
opening 810 is provided on the second retaining wall 80 at
a position corresponding to the first opening 310. The touch
line 60 is connected with the touch electrode 50 and the pad
70 via the thinned region 410 and the second opening 8§10.
[0088] Specifically, the second retaining wall 80 is used
for blocking the inorganic layer 42 of the thin film encap-
sulation layer 40 and to support a mask for fabricating the
inorganic layer 42.

[0089] FIG. 12 is a schematic view of another touch
display panel according to an embodiment of the present
disclosure. Optionally, as shown in FIG. 12, the display
panel further includes a flexible circuit board 90. The
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flexible circuit board 90 is disposed in the non-display
region 120. The flexible circuit board 90 is electrically
connected with the pad 70. Optionally, the flexible circuit
board 90 is configured to drive the display panel for display,
and/or, the flexible circuit board 90 is configured to drive the
touch electrode 50 for touch detection.
[0090] Specifically, the flexible circuit board 90 may be
configured to simultaneously drive the display panel for
display and drive the touch electrode 50 for touch detection
without providing a separate driving circuit board for the
touch electrode 50, thereby improving integration degree of
the display panel and facilitating the reduction of the seizes
of the display panel.
[0091] It should be noted that FIG. 1 to FIG. 12 only show
a configuration in which the first retaining wall 30 is
provided with one first opening 310, and are not intended to
limit the present disclosure. In other embodiments, the first
retaining wall 30 may be provided with a plurality of first
openings 310 according to the distribution of the touch lines
60. FIG. 13 is a schematic top view of another touch display
panel according to an embodiment of the present disclosure.
FIG. 13 illustrates a configuration in which the first retaining
wall 30 is provided with two first openings 310. Accord-
ingly, if the display panel is provided with the second
retaining wall, the same number of second openings are
provided at positions corresponding to the first openings 310
on the second retaining wall.
[0092] FIG. 14 is a schematic view of a display apparatus
according to an embodiment of the present disclosure. With
reference to FIG. 14, a display apparatus 100 includes the
touch display panel 200 of any embodiment of the present
disclosure. The display apparatus 100 may be electronic
devices such as mobile phone, tablet computer and the like.
[0093] According to the display apparatus provided by the
present embodiment, the first retaining wall of the display
panel is provided with the first opening, so the thickness of
the thin film encapsulation layer gradually decreases after
passing through the first opening to form a thinned region.
Since the thickness of the thinned region gradually
decreases, a surface of the thin film encapsulation layer in
the thinned region away from the substrate is a relatively
smooth slope, the touch line does not need to go across a
very high step or a very great slope when the touch line is
connected with the touch electrode and the pad via the
thinned region, thereby avoiding the fracture of the touch
line and improving the reliability of signal transmission.
[0094] It is noted that the above is only preferred embodi-
ments of the present disclosure and the technical principles
employed. It will be understood by those skilled in the art
that the present disclosure is not limited to the specific
embodiments described herein and that various modifica-
tions, adaptations, combinations and substitutions can be
made by those skilled in the art without departing from the
scope of the present disclosure. Thus, while the present
disclosure has been described in detail by way of the above
embodiments, the present disclosure is not limited to the
above embodiments, but may include more and more
equivalent embodiments without departing from the inven-
tive concept, and the scope of present disclosure is deter-
mined by the appended claims.

What is claimed is:

1. A touch display panel, comprising:

a substrate;

a display region and a non-display region on the substrate;
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an organic light-emitting structure, located in the display
region;

a first retaining wall, located in the non-display region
encompassing the display region, wherein the first
retaining wall has at least one first opening;

a thin film encapsulation layer disposed on the organic
light-emitting structure and the first retaining wall,
wherein the thin film encapsulation layer in the first
opening extends to the non-display region in a slope,
wherein the slope reduces a thickness of the thin film
encapsulation layer gradually;

a plurality of touch electrodes disposed on the thin film
encapsulation layer in the display region;

a plurality of pad disposed in the non-display region; and

a plurality of touch lines connects the plurality of touch
electrodes to the plurality of pads, wherein the plurality
of touch lines are located on the slope of thin film
encapsulation layer.

2. The touch display panel of claim 1, wherein the
non-display region includes a bonding region, the pad is in
the bonding region, the first opening is provided on a side of
the first retaining wall adjacent to the bonding region of the
touch display panel.

3. The touch display panel of claim 1, wherein each of two
edges of the first opening is provided with a respective
auxiliary retaining wall extending from the first opening to
the non-display region.

4. The touch display panel of claim 3, wherein the
auxiliary retaining wall is perpendicular to the first retaining
wall in which the first opening is located.

5. The touch display panel of claim 3, wherein a height of
the auxiliary retaining wall is equal to a height of the first
retaining wall.

6. The touch display panel of claim 3, wherein a length of
the auxiliary retaining wall in a direction perpendicular to
the first opening of the first retaining wall is greater than or
equal to a distance between the first opening and a boundary
of an organic layer of the thin film encapsulation layer in the
slope region.

7. The touch display panel of claim 1, wherein the first
opening penetrates through the first retaining wall in the
direction perpendicular to the substrate at the first opening.

8. The touch display panel of claim 1, wherein a height of
the first retaining wall where the first opening is located is
greater than zero and less than a height of the first retaining
wall where the first opening is not provided.

9. The touch display panel of claim 1, wherein the thin
film encapsulation layer comprises inorganic layers and
organic layers which are alternately arranged, with top and
bottom layers being inorganic layers; and

wherein at the first retaining wall not next to the first
opening, the organic layers are located in a region
surrounded by the first retaining wall, and the inorganic
layers cover the first retaining wall.

10. The touch display panel of claim 9, wherein the
inorganic layers and the organic layers extend from the
display region to the non-display region at the first opening.

11. The touch display panel of claim 9, wherein the thin
film encapsulation layer comprises a first inorganic layer, a
first organic layer and a second inorganic layer.

12. The touch display panel of claim 11, wherein a height
of the first retaining wall near the first opening is denoted by
h, a thickness of the first organic layer inside the display
region is denoted by T, and 0<h<T.
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13. The touch display panel of claim 11, wherein said
thickness T is less than or equal to 20 pm.

14. The touch display panel of claim 13, wherein a length
of the first organic layer along the slope L, and
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15. The touch display panel of claim 11, wherein a length
of the slope outside the first organic layer is S, and 10
um=S=<500 pm.

16. The touch display panel of claim 1, wherein the touch
line between the touch electrode and the first opening is
arranged in a region between the first retaining wall and the
display region; or

the touch line between the touch electrode and the first
opening is arranged in a region between the first
retaining wall and the display region and in a region
corresponding to a top portion of the first retaining
wall.

17. A touch display panel comprising:

a substrate;

a display region and a non-display region on the substrate;

an organic light-emitting structure, located in the display
region,;

a first retaining wall, located in the non-display region
encompassing the display region, wherein the first
retaining wall has at least one first opening;

a second retaining wall, located in the non-display region
encompassing the first retaining wall, wherein the
second opening aligned with the first opening, and the
touch line is connected with the touch electrode and the
pad via the thinned region and the second opening.

a thin film encapsulation layer disposed on the organic
light-emitting structure, the first retaining wall, and the
second retaining wall, wherein the thin film encapsu-
lation layer in the first opening and second opening
extends to the non-display region in a slope, wherein
the slope reduces a thickness of the thin film encapsu-
lation layer gradually;
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a plurality of touch electrodes disposed on the thin film
encapsulation layer in the display region;

a plurality of pad disposed in the non-display region
outside the second retaining wall; and

a plurality of touch lines connects the plurality of touch
electrodes to the plurality of pads, wherein the plurality
of touch lines are located on the slope of the thin film
encapsulation layer.

18. The touch display panel of claim 1, further comprising

a flexible circuit board, disposed in the non-display region
and electrically connected with the pad.

19. The touch display panel of claim 18, wherein the
flexible circuit board is configured to perform at least one of
the following:

drive the touch display panel for display, and/or,

drive the touch electrode for touch detection.

20. A display apparatus, comprising a touch display panel,
wherein the touch display panel comprises:

a substrate;

a display region and a non-display region on the substrate;

an organic light-emitting structure, located in the display
region;

a first retaining wall, located in the non-display region
encompassing the display region, wherein the first
retaining wall has at least one first opening;

a thin film encapsulation layer disposed on the organic
light-emitting structure and the first retaining wall,
wherein the thin film encapsulation layer in the first
opening extends to the non-display region in a slope,
wherein the slope reduces a thickness of the thin film
encapsulation layer gradually;

a plurality of touch electrodes disposed on the thin film
encapsulation layer in the display region;

a plurality of pad disposed in the non-display region; and

a plurality of touch lines connects the plurality of touch
electrodes to the plurality of pads, wherein the plurality
of touch lines are located on the slope of thin film
encapsulation layer.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

BEG®)

ZHELF T —HEFERXKENEE RXENARE RER , 55—
BUTERXSRABRNEERXE, REEBNLEHNE —RIGE
LHBRERE. F-—FOPHNERIEE AR AREREFER
X , ZENBZHRDERYRENEE, BIMELERHEELR
KEHHEEHER LN S MEERNAEEFERKFEFHZNE
2, MBSV TERENEENRE L,

AR S REARME R RE

US20180053810A1 NI (»&E)B

US15/786235 Fi5 A
E#EXIAM OLED

+#EXRSAM-OLED CO. , LTD.

E3#XBAM-OLED CO. , LTD.

JIN JIAN
SU CONGYI

JIN, JIAN
SU, CONGYI

HO1L27/32 HO1L51/52 GO6F3/041

2018-02-22

2017-10-17

patsnap

HO1L27/323 HO1L51/5253 HO1L51/525 GO6F3/0412 HO1L27/326 HO1L27/3276 GO6F3/04164 GO6F3

/0446 GO6F3/0416 GO6F3/044

201710354797.9 2017-05-18 CN

US10431637

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/0fee678a-df6d-41ec-8b9d-e612900d2b88
https://worldwide.espacenet.com/patent/search/family/059831782/publication/US2018053810A1?q=US2018053810A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180053810%22.PGNR.&OS=DN/20180053810&RS=DN/20180053810

